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SOME  CONSIDERATIONS  FOR  THE   PHYSICIAN   IN   INDUSTRY* 

C.  E.  Ford,  M.D. 

Medical  Director,  General  Chemical  Companv,  New  York  City 


'  I "  HE  value  of  medical  service  in  in- 
■^  dustry  was  emphasized  when 
state  compensation  laws,  which  ren- 
dered it  compulsory  to  provide  medical 
and  surgical  treatment  for  injured  work- 
ers, became  effective.  Medical  and  surg- 
ical preventive  work  proved  itself  of 
value  and  demonstrated  that  early  at- 
tention to  trivial  accidents  and  injuries 
reduces  the  amount  of  time  lost  both  by 
the  employer  and  the  employee.  Further 
experience  showed  that  impro\ed  work- 
ing conditions  notably  reduce  absentee- 
ism among  employees.  It  also  showed 
that  conditions  inimical  to  the  health  of 
workers  could  be  removed  with  the  as- 
surance that  general  physical  and  men- 
tal health  would  be  benefited,  resulting 
in  ■  increased  production  and  lessened 
turnover.  In  other  words,  it  has  been 
established  that  proper  health  instruc- 
tion to  workers  pays  in  enhanced  effi- 
ciency, besides  fulfilling  important 
humanitarian  considerations. 

The  importance  of  the  foregoing  is 
about  to  become  amplified  through  the 

•Read  before  the  Third  Annual  Meeting  of  the 
Ohio  Association  of  Industrial  Physicians,  and  the 
Fall  Meeting  of  the  Cleveland  Society  of  Industrial 
Physicians,  Cleveland.  Dec.  3,  1921.  Received  for 
publication  Feb.  7,  1922. 


adoption  of  laws  providing  compensa- 
tion for  industrial  diseases.  The  states 
of  Ohio,  Massachusetts,  California,  New 
York,  Wisconsin  and  Connecticut  have 
already  adopted  such  legislation,  and  it 
is  indicated  that  other  industrial  states 
will  rapidly  follow  their  example. 

Work  and  Status  of  Physician  in 
Industry 

Supplementing  the  former  concept, 
the  work  of  a  plant  physician  should 
reach  all  departments  and  all  activities 
of  the  organization.  The  physician  who 
limits  his  activities  to  the  plant  dispen- 
sary is  found  to  be  relatively  of  little 
value  to  the  industry  with  which  he  is 
associated.  It  is  only  as  his  influence 
reaches  into  the  operating  departments 
that  the  fullest  measure  of  his  service  is 
realized.  Coexistent  with  his  curative 
and  preventive  activities  should  be  a  de- 
sire to  see  that  men  are  placed  at  work 
for  which  they  are  physically  qualified. 
The  only  method  possible  of  obtaining 
this  end  is  through  the  physical  exam- 
ination of  workers  and  applicants  for 
employment — not  only  is  the  applicant's 
physical  condition  determined  but  his 
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mental  attitude  as  well  is  considered. 
His  reaction  toward  industry  in  general, 
and  particularly  toward  the  job  which 
he  is  seeking,  can  be  gauged  with  a  fair 
degree  of  accuracy  concurrent  with  the 
physical  examination. 

The  study  of  processes  and  job  re- 
quirements brings  to  light  the  degree  of 
hazard  present  in  different  operations 
and  suggests  protective  measures  to 
meet  each  situation.  Certain  hazards 
will,  of  course,  remain  concealed  until 
cases  of  accident  or  illness  bring  them 
sharply  to  the  attention  of  the  superin- 
tendent through  the  medical  depart- 
ment, but  it  has  been  found  that  most 
of  these  hazards,  especially  those  of 
major  character,  are  revealed  when  ex- 
haustive studies  are  carried  on  from  the 
viewpoint  of  the  plant  dispensary.  With 
a  physician  or  staff  with  experience,  dis- 
cretion, and  the  best  interest  of  the  em- 
ployer in  mind,  this  work  is  so  carried 
forw^ard  that  rejections  and  recom- 
mendations incur  little  or  no  criticism. 
Rejections  in  many  plants  are  based  on 
the  following : 

Orgranie  disea.se — including  uncompensated 
heart  disease,  di.sease  of  the  circulatory  sys- 
tem, stomach,  liver,  kidne.ys,  etc. 

Loss  of  or  defective  vision. 

Deafness  or  disease  of  the  ears  likely  to 
lead  thereto. 

Diseases  of  the  nervous  system. 

Hernia,  unless  operated  upon  or  utdess  the 
company  is-  i-eleased  from  legal  responsibility. 

Communicable  disease. 

Amputations. 

Defective  mentality. 

Candidates  should  be  classified  as  fol- 
lows : 

1.  Individuals  physically  and  mentally  fit 
for  any  job. 

2.  Individuals  physically  fit  for  any  om- 
])loyment  but  below  par  in  dovelopniciit  or  by 
reason  of  minor  defect,,  who  by  treatment  may 
be  placed  in  Class  1. 

.3.  Individuals  fit  for  limited  employment 
when  certified  to  by  the  plant  |)hy.si('iaii. 


4.    Individuals  unfit  for  any  employment. 

It  should  be  made  clear  to  candidates 
that  physical  examinations  are  not  de- 
signed to  eliminate  the  defecti\e,  unless 
his  employment  would  be  dangerous  to 
the  organization,  but  rather  to  lead  him 
to  remedy  his  defects  for  mutual  benefit. 

Notwithstanding  this  broad  basis  for 
the  existence  of  the  industrial  physician 
as  such  (a  misnomer,  by  the  way),  the 
question  has  been  raised  and  debated  as 
to  the  status  of  the  physician  in  indus- 
try. Certain  eminent  authorities,  active 
in  association  work  as  well  as  in  uni- 
versities, have  dismissed  the  suggestion 
that  industrial  medicine  or  surgery  is  a 
distinct  specialty,  with  a  more  or  less 
flippant  assertion  that  industrial  medi- 
cine and  surgery  are  nothing  but  good 
medicine  and  surgery  in  industry'.  It  is 
conceded  that  nothing  short  of  the  very 
best  trained  men  have  any  right  in  the 
field.  It  is  contended,  however,  that  the 
very  group  of  high  authorities  who  have 
denied  the  physician  in  industry  the 
right  of  special  grouping  and  recogni- 
tion have  signally  failed  in  giving  to  the 
industrialist,  whether  he  be  employer  or 
employed,  that  prolonged  period  of  eco- 
nomic productivity  which  special  knowl- 
edge and  responsibility  place  upon  a 
physician  in  industry.  They  have  not 
contributed  to  the  study  of  the  hazards 
of  the  occupation  ;  they  have  not  studied 
processes ;  and  they  have  not  in\-esti- 
gated  the  various  operations,  the  me- 
chanical appliances  or  the  working 
environment —  subjects  fundamentally 
related  to  good  medicine  and  surgery. 
Indeed,  in  many  instances  these  men 
were  lacking  in  knowledge  of  the  nature 
of  the  product  of  the  plant. 

Was  it  the  general  surgeon  or  indus- 
trial medicine  as  represented  through  its 
personnel  that  first  recognized  the  op- 
portunit>'  for  the  rehabilitation  of  the 
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disabled  and  crippled  soldier?  It  was 
the  physician  in  industry,  familiar  with 
the  enormous  wastage  of  man  power, 
much  of  which  can  be  charged  to  the 
general  surgeon  in  his  neglect  of  physi- 
cal reconstruction  and  vocational  re- 
training methods,  who  created  this  new 
field  that  we  apparently  must  defend. 

One  might  enquire  who  of  these  glib 
critics,  many  of  whom  secured  their 
early  surgical  training  b}'  doing  so-called 
accident  work,  are  now  in  the  field.  We 
know  full  well  that  many  of  these  men 
did  not  leave  the  industrial  field  of  their 
own  volition,  and  it  may  be  noted  that 
many  of  these  eminent  gentlemen  ha\e 
not  been  retained  in  a  consulting  capac- 
ity. Corporations  ha\  e  realized  that 
the>"  were  shortsighted  in  providing 
medical  service  of  the  sort  that  disre- 
garded the  economic,  social,  education- 
al, political  and  even  moral  phases  of  the 
worker's  life. 

Tn'-'ustrial  medicine  is  not  simply  a 
field  for  the  ordinary  practice  of  general 
medicine  and  surgery;  it  bears  the  same 
relationship  to  medicine  and  surgery  as 
do  the  specialties  of  gynecological  surg- 
ery and  brain  surgery,  with  their  topical 
limitations,  or  traumatic  or  military 
surger>',  with  its  special  pathology  and, 
as  Legge  has  well  stated: 

The  scope  of  application  of  industrial  medi- 
cine is  to  the  larfjei-  group  as  a  unit  and  it  is 
in  this  relation  that  the  main  endeavors  are 
directed;  althonofh  individual  service  is  ren- 
dered as  occasion  demands,  its  special  pur- 
pose is  prevention — the  prevention  of  occu- 
pational diseases  and  accidents.  When  these 
two  main  issues  are  applied  to  the  whole 
frroup.  the  humanizing  of  industry  is  obtained 
and  a  crowning  victory  for  society  accom- 
plished. To  secure  the  maximum  efficiency 
from  the  human  machine,  the  industrial  sur- 
geon, virtually  the  human  engineer,  acts  as 
the  agent  for  stabilizing  labor,  thereby  facili- 
tating production  and  helping  the  worker  to 
do  a  better  day's  work,  prolong  the  yeai's  of 
his  activity  and  increase  his  compensation. 


The  skeptic  may  see  in  industrial 
medicine  elements  subversive  to  the  best 
interests  of  the  profession,  socialized 
medicine,  the  health  insurance  fetish,  or 
what  not  There  is  less  danger  of  exploi- 
tation, by  faddists,  of  groups  such  as 
ours,  gradually  acquiring  a  business 
training,  if  only  by  contact  and  absorp- 
tion, than  of  the  profession  at  large,  with 
its  isolation  from  affairs.  It  is  true  we 
physicians  have  been  remiss  in  our  com- 
munal and  business  obligations.  There 
has  been,  unfortunately,  a  dearth  of 
medical  statesmanship  and  business  ca- 
pacit}-.  I  quote  from  a  former  commun- 
ication ; 

In  the  volumes  of  biologic  essays  prepared 
by  the  fellows  of  Sir  William  Osier  to  cele- 
brate his  70th  birthday,  which  lamentably  ap- 
pear rather  as  a  memorial,  the  British  Am- 
bassador presents  certain  reflections  upon  the 
medical  profession  which  are  as  stimulating 
and  suggestive  as  they  are  courteously 
phrased.  More  than  any  other  of  the  great 
professions.  Sir  Auckland  Geddes  says,  phy- 
sicians lack  "the  spirit  of  citizenship,"  the 
willingness  "to  bear  their  share  of  the  burden 
of  the  Government."  Their  devotion  to  sci- 
ence and  to  the  service  of  individual  healing 
is  paramount ;  but  they  do  not  conceive  of 
these  things  in  their  relation  to  the  nation. 
I  have  heard  teachers  in  medical  schools  say 
that  their  whole  duty  to  their  students  was  to 
teach  them  to  prevent  disease,  to  treat  the  sick 
and  to  "understand,  the  method  of  science." 
Sir  Auckland  Geddes  denies  this,  though  to 
do  so  "seems  to  me,  iu  my  purely  .scientific 
moods,  almost  discreditable."" 

The  forces  which  determine  national  prog- 
ress, and  with  which  a  statesman  is  primarily 
obliged  to  grapple,  are  not  recognized  in  any 
science  to  which  the  physician  is  trained. 
They  are  the  forces  of  "mass  emotion,"  large- 
ly blind,  inarticulate  and  groping,  yet  su- 
preme and  indomitable, — forces  of  the  racial 
genius.  Just  at  present  there  are  forces  with 
which  the  physician,  if  he  covild  only  recog- 
nize the  fact,  is  peculiarly  qualified  to  deal, 
"an  emotion  of  human  betterment,  finding 
expression  in  centers  for  child  welfare,  in 
schemes  for  housing  the  working  classes,  in 
the  establishment  of  ministries  of  health,  of 
reconstruction  and  research."  In  brief,  "we 
ai-e  at  present  in  the  power  of  a  world-wide 
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emotional  storm,  the  full  effects  of  which  are 
not  yet  manifest,"  but  -which  will  center  in 
the  betterment  of  the  nation's  health  and  of 
the  more  purely  human  relationships.  Mean- 
time the  medical  profession,  "with  brilliant 
exceptions/'  is  composed  of  men  who  are 
"immature  as  citizens"'  and  whose  citizenship, 
such  as  it  is,  "is  as  divorced  from  their  tech- 
nical knowledge  as  is  the  citizenship  of  the 
speculative  builder  when  he  jerry-builds  new 
slums."  The  world  is  "movinjr  on  to  the 
greatest  of  its  revolutions,"  but  the  majority 
of  phj'sicians  "who  might  be  its  far-seeing 
leaders,"  are  "blind  and  babbling  of  indus- 
trial xuirest." 

Throughout  a  relatively  brief  but  active  re- 
lation with  the  medical  profession  it  has  been 
observed  that  the  individual  doctor  has  been 
so  occupied  with  the  specific  case  that  he  has 
all  too  frequently  permitted  others  to  direct 
the  social,  economic  and  professional  adjust- 
ments that  modern  progress  has  made  neces- 
sary— this,  notwithstandmg  that  the  profes- 
sional interests  and  those  of  the  public  are 
identical  and  should  be  solved  and  applied 
only  by  a  socially-minded  medical  leadership. 
The  present  day  is  intolerant  of  isolation  from 
affairs.  With  others,  the  doctors  must  become 
active  and  not  only  support  and  direct  active- 
ly but  create  those  remedies  for  the  ills  of  so- 
ciety with  which  he  is  or  should  be  familiar. 
T/nless  medicine  does  this  and  makes  apparent 
its  group  strength  before  the  people,  the  peo- 
ple will  all  too  frequently  be  victimized  by 
the  various  cults  and  pseudo-medical  interests 
that  quickly  grasp  the  importance  of  public 
control  and  especially  with  legislative  and 
governmental  interests. 

Science  has  developed  facts  that  have  af- 
forded remarkable  opportunity  to  progress, 
but,  in  so  doing,  serious  obligations  have  been 
imposed  upon  the  doctor.  Changes  in  health 
administration  have,  at  times,  been  radical, 
perhaps  revolutionary,  but  no  more  radical 
and  more  revolutionary  than  the  changes  that 
have  come  to  our  scientific  thought.  The  mod- 
ern health  administration,  in  asking  much,  is 
likewise  giving  much  to  the  physician.  The 
individualization  of  health  work,  instead  of 
threatening  the  material  interest  of  the  doc- 
tor, actually  benefits  him  in  many  ways. 

The  doctor  who  accepts  emplo\-ment 
as  a  plant  physician  merely  to  run 
a  dispensary  for  emergency  service,  or 
to  fill  his  wards  for  teaching  purposes, 
or  to  protect  the  interests  of  the  em- 
ployer in   case  of  liability  claims   can 


hardly  be  an  industrial  physician  in  the 
strict  sense.  The  greatest  shortcoming 
on  the  part  of  the  physician  in  industry 
from  a  strictly  medical  \iewpoint  is  his 
neglect  of  research.  Investigation  and 
inspection  of  plants  disclose  innumer- 
able opportunities  for  saving  measures 
in  illimitable  variety.  It  is  true  that 
in\-estigators  are  born,  as  a  rule,  but 
with  the  present  pace  of  the  world  in\es- 
tigators  must  be  trained.  Nevertheless, 
I  believe  that  there  are  among  us  enough 
men  with  latent  research  instinct  await- 
ing an  arousing  opportunity  who,  with 
heads  up,  will  see  this  opportunity  when 
it  presents  itself. 

The  study  of  industrial  physiology  is 
a  phase  of  our  work  which  is  neglected 
by  all  of  us,  with  a  few  notable  excep- 
tions. Industrial  physiology  has  two 
objects:  (1)  the  purely  scientific  one  of 
ascertaining  how  the  worker  performs 
his  work,  the  conditions  under  which  he 
can  produce  most  advantageously  and 
maintain  bodily  health;  and  (2)  the 
more  practical  object  of  establishing  in 
industry  the  conditions  that  are  condu- 
cive to  the  maximum  output  of  the  plant 
and  the  maintenance  of  the  highest 
power  of  the  worker. 

A  q^uestion  which  has  had  the  serious 
consideration  of  industrial  surgeons 
during  the  past  year  is  that  relating  to 
the  full-time  physician  in  industry, 
wholly  aside  from  the  relative  value  of 
full-time  service  versus  part-time  service 
both  to  the  employed  as  well  as  to  the 
physician  in  the  sense  of  his  progress  or 
retrogression  professionally.  I  refer  to 
the  moral  responsibility  in  encouraging 
young  men  of  the  best  type  to  enter  in- 
dustrial medicine  through  a  term  of 
preparation  as  elsewhere  referred  to, 
with  the  present  insecurity  of  tenure — 
a  fact  which  has  been  rudely  thrust  upon 
our  conscience  as  well  as  our  conscious- 
ness.    Notwithstanding  the  feeling  that 
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full-time  men  with  a  hospital  connec- 
tion, if  possible,  render  better  service 
than  does  the  part-time  man  in  general 
practice,  I  cannot  bring  myself  to  prom- 
ise a  career  free  from  financial  worries 
to  which  a  professional  man  is  entitled; 
hence,  I  would  hesitate  to  commit  my- 
self until  such  time  as  industrial  medi- 
cine is  on  a  firmer  basis  than  exists 
today. 

Qualifications  of  Physician  in 
Industry 

To  meet  the  present-day  requirements 
of  the  physician  in  industry,  medical  di- 
rector, or  howe\-er  he  ma\'  be  character- 
ized, a  man  must  have  a  good  general 
education,  must  be  upright  in  bearing 
and  demeanor,  and  must  possess  tact 
and  judgment.  He  must  have  had  a 
sound  professional  training  in  a  college 
stressing  the  great  basic  foundations  of 
his  future  work — namely,  anatomy, 
physiology  and  pathology — a  general 
hospital  training  of  not  less  than  two 
years,  with  special  attention  to  surgery 
during  the  second  year,  if  he  is  to  be  em- 
ployed in  a  foundry,  mill,  shipyard,  rail- 
road, or  heavy  industry.  For  a  position 
in  a  store,  telephone  office  or  an  indus- 
try of  light  operations,  training  in  medi- 
cine is  probably  preferable.  In  the  ab- 
sence of  university  training  in  industrial 
hygiene,  he  should  have  at  least  five 
years  of  general  practice. 

The  future  industrial  physician 
should  maintain  a  connection  with  pub- 
lic health  agencies,  such  as  the  city 
health  department  with  its  various  dis- 
pensaries, the  general  dispensary,  and 
other  public  medical  service,  in  order  to 
develop  the  social  viewpoint  as  well  as 
to  broaden  his  professional  skill. 

He  should  be  capable  of  making  ele- 
mentary psychological  and  psycho- 
pathic observations,  being  certain,  how- 


ever, in  their  practical  application,  of 
not  confusing  the  psychopathies  of  the 
employer  with  those  of  the  worker.  It 
is  desirable  also  that  he  have  a  knowl- 
edge, not  necessarily  profound,  of  the 
following : 

1 .  The  fundamentals  of  industrial  re- 
lations ;  these  are  widely  applicable  and 
include  applied  preventive  medicine,  ac- 
cident prevention,  and  the  methods 
leading  thereto. 

2.  Plant  organization.  A  knowledge 
of  this  subject  is  likely  to  prove  effective 
in  dealing  with  the  problem  of  labor. 

3.  Employment  methods,  including 
job  analysis,  special  problems  relating 
to  the  employment  of  women  and  chil- 
dren, race  problems,  and  industrial 
training — apprenticeship  and  continu- 
ation schools  for  training  in  particular 
jobs. 

4.  Labor  turnover  and  its  cost. 

5.  Hours  of  work  in  relation  to  fa- 
tigue and  output,  including  shift  sys- 
tems and  rest  periods. 

6.  Absenteeism  and  security  and  con- 
tinuity of  employment  during  convales- 
cence from  accident  or  disease  and  dur- 
ing slack  seasons.  In  connection  with 
absenteeism  a  knowledge  of  follow-up 
work,  especially  among  new  employees 
and  with  the  injured,  is  valuable,  as  is 
also  some  knowledge  of  the  replacement 
of  injured  and  crippled  employees. 

7.  Physical  working  conditions  — 
such  as  heating,  lighting,  ventilation, 
water  supply,  toilets,  showers,  locker 
rooms,  rest  rooms,  and  restaurants — de- 
signs and  data  for  the  construction  and 
operation  of  hospitals,  and  plant  beauti- 
fication. 

8.  Pensions  and  insurance — i.e.,  lia- 
bility, group,  and  social. 

9.  Housing — including  a  knowledge 
of  the  type  of  house  suitable  for  eco- 
nomic administration,  of  the  cost  of  liv- 
ing according  to  local  standards,  of  com- 
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pany  stores  and  commissaries  and  of 
broad  methods  of  raising  the  standard  of 
employees'  hving  conditions — transpor- 
tation, and  recreational  and  educational 
facilities. 

As  Aleredith  has  recentl}'  pointed  out, 
it  is  time  that  the  doctor  realized  his 
concern  in  the  normal  human  being  as 
well  as  in  the  human  being  sick,  and  that 
his  ideal  should  be  the  human  body  al- 
ways well,  and  his  shame  the  human 
body  sick.  It  must  be  realized  that  the 
problem  of  health,  like  disease,  is  a 
medical  problem  and  that,  if  we  have  a 
responsibility  to  the  sick,  our  responsi- 
bility is  none  the  less  to  the  well.  We 
physicians  in  industrial  medicine  are 
seriously  at  fault  in  not  devoting  more 
attention  to  increasing  our  knowledge 
of  the  conditions  of  health. 

That  which  has  made  America  great 
in  industr}^  is  her  faculty  of  bringing  to- 
gether energies  hitherto  rambling  and 
misdirected  into  a  rounded,  concrete 
whole  with  largely  amplified  production. 
The  mainspring  of  production  or  suc- 
cess is  individual  action  and  not  state 
action.  Success  is  nothing  more  nor  less 
than  opportunity  to  the  individual.  The 
enlightened  business  man  of  today  sees 
clearly  that  the  measure  of  his  success  is 
almost  directly  in  proportion  to  the  de- 
gree of  opportunity  that  his  operation 
creates  for  others,  but  of  what  value  is 
opportunity  lacking  its  essential  adju- 
vant— the  indi\idual  in  good  health.'' 

Problems  Confronting  Physician  in 
Industry 

The  relationship  of  the  medical  de- 
partment to  the  organization  is  a  ques- 
tion that  is  of  concern  to  all  of  us.  Too 
frequently  the  activities  of  the  medical 
department  are  under  the  direction  of  a 
personnel  manager  who,  in  turn,  is  to- 
tally lacking  in  human  understanding 


and  unappreciative  of  the  finer  confiden- 
tial relationships  of  doctor  and  patient. 
Until  a  group  of  personnel  managers  are 
trained  or  industrial  relations  are  recog- 
nized as  having  sufficient  importance  to 
merit  the  attention  of  a  high  executive, 
I  am  definitely  of  the  opinion  that  the 
medical  department  should  be  under  the 
direction  of  and  answerable  to  the  high- 
est possible  executive.  This  is  asserted 
with  full  recognition  of  its  unscientific 
form.  This  matter  has  recently  been 
drawn  to  the  attention  of  the  National 
Industrial  Conference  Board,  and  has 
been  received  with  e\'ident  interest  and 
some  assurance  that  the  suggestions 
would  have  consideration. 
.  Another  most  important  problem  con- 
fronting the  industrial  physician  is  that 
of  standard  and  accurate  records,  in- 
cluding cost  records.  Are  we  as  individ- 
uals in  a  position  to  justify  completely 
and  accurately  the  expenditure  of  the 
funds  for  the  maintenance  of  the  depart- 
ments for  which  we  are  responsible.^  In 
no  part  of  our  work  is  the  lack  of  ade- 
quate records  more  evident  than  in  the 
keeping  of  morbidity  statistics,  upon 
which  is  based  the  real  proof  of  the  right 
of  existence,  that  is,  the  net  saving  in 
time  lost. 

A  practical  obstacle  in  the  accumula- 
tion of  useful  morbidity  statistics  in  the 
past  few  years  has  been  the  high  rate  of 
labor  turnover,  and,  more  recently,  the 
high  rate  of  transfer  from  one  occupa- 
tion to  another  and  from  one  depart- 
ment to  another  in  the  process  of  reduc- 
ing personnel.  In  most  industrial  estab- 
lishments, this  latter  process  seems  to  be 
about  complete.  One  cycle  of  industrial 
activity  and  depression  has  apparently 
terminated,  but  a  new  one  has  begun. 
Now  that  the  number  of  employees  in 
establishments  is  less,  the  work  involved 
in  record  keeping  is  lessened  and  the 
data    are  more    valuable  because    the 
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worker  staj's  long  enough  at  one  plant 
to  permit  observation  of  what  actually 
happens  from  a  health  point  of  view. 
The  present  time  is,  therefore,  oppor- 
tune for  inaugurating  the  collection  of 
sickness  data,  even  if  the  present  indus- 
trial situation  necessitates  a  very  modest 
beginning. 

In  order  to  make  the  collection  of 
such  statistics  of  real  value,  there  should 
be  a  clearing  house  from  which  publica- 
tions are  issued  to  a  wide  field  of  read- 
ers. Probably  the  widest  dissemination 
could  be  secured  through  the  Public 
Health  Service,  which  has  already  in- 
augurated a  study  of  some  fifty  estab- 
lishments which  are  submitting  the  data 
desired.  Through  standardization  of 
the  statistical  methods  and  terms  used 
by  different  organizations,  and  of  the 
records,  sickness  periods  of  employees  of 
many  plants  and  groups  of  workers  will 
be  comparable.  If  each  industry  will 
install  and  maintain  records  in  conform- 
ity with  the  general  plan,  certain  defi- 
nite advantages  can  be  expected.  In  the 
accumulation  of  records  from  different 
factories  and  for  different  industrial 
groups,  a  basis  will  be  established  for 
the  further  study  of  the  behavior  of 
specific  diseases,  the  conditions  under 
which  they  are  most  prevalent,  their 
seasonal  incidence,  their  possible  recur- 
rence in  cycles,  etc.  From  the  accumula- 
tion of  such  a  body  of  material,  as  sug- 
gested, the  normal  expectancy  of  sick- 
ness among  persons  of  different  age,  sex, 
color,  etc.,  as  well  as  the  amount  of  pre- 
\-entable  illness  and  the  effect  of  certain 
improvements  in  conditions,  may  be  as- 
certained. There  are  many  questions 
which  ought  to  be  studied  in  addition  to 
the  direct  relationship  between  disease 
and  occupations — questions  which,  as 
matters  now  stand,  are  subjects  of  spec- 
ulation only.  If  the  science  of  preven- 
tive medicine  in  the  industrial  field  is  to 


progress,  its  statistics  must  develop.  No 
science  can  be  expected  to  make  much 
headway  without  a  means  of  measure- 
ment. It  would  seem  that  there  is  not 
merely  a  field,  but  an  urgent  necessity 
for  co-operative  effort  in  the  direction 
that  will  afford  a  real  basis  for  the  con- 
trol and  prevention  of  disease  among  in- 
dustrial employees. 

I  would  counsel  that  your  organiza- 
tion, represented  here  today,  appoint  a 
committee  to  study  such  records  as  are 
now  existent  or  found  practicable,  and 
submit  your  findings  to  a  similar  com- 
mittee of  the  American  Association  of 
Industrial  Physicians  and  Surgeons  in 
order  that  standardization  throughout 
the  field  may  be  effected. 

Among  other  problems  that  should 
receive  immediate  attention  by  indus- 
trial physicians,  may  I  enumerate  the 
following: 

1.  Define  the  proper  limitations  of 
the  industrial  physician  in  relation  to 
general  communit}'  health  activities, 
also  the  relations  in  extra  industrial 
cases  of  illness  or  disability  to  the  work 
of  the  practitioner  in  private  practice; 
relationship  to  hospitals,  community 
dispensaries  and  diagnostic  clinics. 

2.  Devise  a  simple  method  of  cost  ac- 
counting for  medical  service  in  indus- 
try that  would  seriously  enlist  the  atten- 
tion of  plant  executives,  thus,  perhaps, 
making  more  stable  this  branch  of  medi- 
cine. 

3.  F\olve  a  practical  scheme  for  sup- 
plying health  service  in  small  plants. 

4.  Make  available  for  the  medical 
profession  at  large  special  methods  of 
treatment  and  technic  which  have  been 
used  to  advantage  by  individuals  or  by 
a  group  in  a  more  or  less  restricted  ter- 
ritory. 

5.  Endeavor  to  produce  high  types  of 
papers    for    publication    in    the   official 
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journal,  featuring  problems  dealing  with 
industrial  hygiene  and  medicine. 

6.  Further  the  production  of  scien- 
tific data. 

7.  Stimulate  the  active  interest  of 
members  in  national  and  state  legisla- 
tion having  to  do  with  medico-eco- 
jiomics. 

8.  Establish  a  closer  co-operation 
with  the  organized  industries  of  differ- 
ent states,  and  contact  with  chambers  of 
commerce  and  manufacturing  associa- 
tions. In  this  way  information  regard- 
ing our  activities  could  be  more  easily 
spread,  thus  educating  a  larger  group  as 
to  the  value  and  progress  of  industrial 
medicine. 

9.  Effect  a  codification  of  compensa- 
tion laws. 

10.  Create  departments  of  industrial 
hygiene  in  federal,  state  and  local  health 
departments.  If  such  departments  al- 
ready exist,  what  work  is  being  done  and 
what  prospects  are  there  of  widening 
their  activities.^ 


Conclusion 

In  the  foregoing  I  have  perhaps  wan- 
dered far  afield  and  have  ofltered  several 
subjects  in  a  fragmentary  fashion,  with 
the  object  of  evoking  or  provoking  a  dis- 
cussion that  will  serve  to  crystallize  our 
somewhat  nebulous  \iews  as  to  what  in- 
dustrial medicine  is ;  and  with  the  fur- 
ther object  of  indicating  that  the  sound, 
energetic  medical  man,  who  appreciates 
that  industrial  medicine  is  no  longer  a 
matter  of  medicine  and  surgery  or  hy- 
giene and  sanitation  alone,  but  that  it 
must  be  widened  to  include  fundamental 
factors  associated  with  plant  processes 
and  the  materials  used  therein,  as  well 
as  the  more  personal  problems  arising 
out  of  industrial  life,  will  be  of  great 
value  to  his  organization,  will  command 
the  highest  respect  of  every  person  in  it, 
will  wield  a  constant  influence  and, 
finally,  will  always  find  a  post  awaiting 
him. 
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THE  detection  of  lead  when  present 
in  minute  amounts  in  biological 
material  is  of  considerable  importance 
to  the  clinician  and  to  the  investi- 
gator in  industrial  hygiene.  Its  estima- 
tion is  especially  important  to  the  latter 
in  any  experimental  study  of  the 
mechanism  of  lead  poisoning;  to  the 
clinician  it  is  an  immediate  and  exact 
confirmation  of  the  diagnosis  of  lead 
poisoning,  the  s}-mptoms  of  which  are 
often  confusing.  It  is  remarkable  that 
the  methods  for  the  quantitative  deter- 
mination of  lead  are  few,  that  they  are 
usually  restricted  in  application,  and 
that  a  great  many  modifications  have 
been  proposed  and  much  criticism  lev- 
eled at  these  methods  as  they  now  exist. 
The  problem  of  estimating  small 
amounts  of  lead  is  greatly  complicated 
when  organic  material  is  also  present, 
for  many  organic  substances  mask  par- 
tially, if  not  completely,  the  ordinary 
analytical  reactions  of  lead.  For  in- 
stance, a  milligram  or  two  of  lead  as 
chloride  in  5  c.c.  of  blood  serum  will  give 
no  precipitate  with  potassium  chromate 
and  only  a  slight  darkening  with  hydro- 
gen sulphide,  yet  this  quantity  of  lead  in 
aqueous  solution  may  be  quantitatively 
precipitated  by  either  of  these  reagents. 
Organic  material  must  be  completely 
destroyed,  therefore,  and  experiment 
has  shown  that  this  is  a  delicate  opera- 
tion involving  especial  care  in  manipu- 

*Received  for  publication  Feb.  C,  1922. 


lation  in  order  to  guard  against  losses. 
\\  ith  proper  precautions,  however,  ex- 
ceedingly small  amounts  of  lead — 1  part 
in  10,000,000  in  urine,  for  instance — 
may  be  positively  identified. 

A  search  of  the  literature  shows  that 
the  methods  most  frequently  employed 
for  the  estimation  of  small  quantities  of 
lead  are  {a)  the  colorimetric  sulphide 
method;  (b)  gravimetric  or  volumetric 
sulphate,  molybdate  and  chromate 
methods;  and  (c)  the  electrolytic  meth- 
od, in  which  lead  is  estimated  as  lead 
dioxide.  The  literature  is  particularly 
rich  in  criticism  and  modification  of 
these  methods  as  applied  to  the  deter- 
mination of  lead  in  different  kinds  of 
material  (1),  and  no  one  method  can  be 
applied  with  equal  accuracy  under  all 
conditions. 

Zeller,  in  1707,  used  an  extract  of  or- 
piment  and  lime  water — which  would 
contain  soluble  sulphides — as  a  means 
of  detecting  lead;  and  hydrogen  sul- 
phide as  a  reagent  in  analytical  chem- 
istry was  first  proposed  by  Fourcroy  and 
Hahnemann,  who  used  water  acidified 
with  hydrochloric  acid  and  saturated 
with  hydrogen  sulphide  as  a  test  for 
lead  (2).  Pelouze  (3),  however,  in  1842 
was  the  first  to  propose  a  colorimetric 
method  for  the  determination  of  small 
amounts  of  lead.  He  converted  it  into 
the  sulphide  and  compared  the  intensity 
of  the  brownish  coloration  produced 
against  standard  lead  solutions  similar- 
ly treated.    A  great  many  modifications 
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of  this  simple  method  have  been  devel- 
oped, particularly  for  the  estimation  of 
lead  in  drinking  water,  wine,  beer, 
drugs,  etc.  It  has  also  been  proposed  as 
a  means  of  estimating  the  amount  of 
lead  in  factor}-  dusts,  etc.  (4). 

The  usual  way  in  which  this  deter- 
mination is  made  is  to  add  a  soluble 
sulphide,  such  as  sodium  or  ammonium 
sulphide,  to  the  solution  containing  lead 
and  then  to  match  the  intensity  of  color 
produced  against  that  in  solutions  con- 
taining known  amounts  of  lead,  the 
comparison  usually  being  made  in 
Nessler  tubes  (5).  One  objection  to  this 
direct  method  is  that,  in  the  presence  of 
alkaline  sulphides,  iron  sulphide  is 
formed.  If,  on  the  other  hand,  in  order 
to  avoid  this,  the  solution  under  exam- 
ination is  acidified  by  the  addition  of 
hydrochloric  or  acetic  acids,  low  results 
are  obtained  owing  to  the  slight  solubil- 
ity of  lead  sulphide  in  acid  solution. 
This  may  be  avoided  by  first  converting 
the  iron  into  a  complex  cyanide  by  treat- 
ing the  solution  with  ammonia  and  po- 
tassium cyanide.  The  iron  complex  thus 
formed  no  longer  interferes  by  giving  a 
coloration  with  the  alkaline  sulphide 
(6).  Wilkie  (7)  has  found,  however, 
that  if  the  iron  is  present  as  a  ferric  salt, 
it  is  not  converted  in  this  way  into  a 
compound  unaffected  by  the  alkaline 
sulphide,  and  that  it  is  necessary  to  con- 
vert the  iron  to  the  ferrous  state,  prefer- 
ably by  means  of  sodium  thiosulphate, 
before  adding  the  ammonia  and  potas- 
sium cyanide.  The  method  has  been 
employed  somewhat  similarly  by  Teed 
(8),  Budden  and  Hardv  (9),  and  others 
(10). 

In  order  to  avoid  the  effect  of  other 
substances  in  estimating  lead  in  this 
manner,  several  of  these  investieators 
first  separated  the  lead  from  solution  by 
various  means,  so  as  to  effect  a  degree 


of  purification.  The  lead  salt  was  then 
dissolved  in  an  appropriate  medium  and 
the  lead  colorimetrically  determined  as 
previously  outlined.  It  has  also  been 
found  that  the  addition  of  glycerin  or 
sugar  to  the  solution  gives  greater  uni- 
formity in  tint  and  slightly  decreases  the 
opacity  of  the  solution.  In  place  of  the 
usual  standard  lead  solution,  Harcourt 
(11)  recommends  the  use  of  a  standard 
solution  made  of  the  sulphates  of  cop- 
per, cobalt  and  iron. 

A  number  of  objections  ha\-e  been 
found  in  the  application  of  the  colori- 
metric  method  of  estimating  lead  as  the 
sulphide.  For  instance,  the  physical 
condition  of  the  lead  sulphide  at  the 
time  the  color  comparison  is  made  is 
\ery  important.  This  is  determined  by 
\arious  factors  —  acid  concentration, 
amount  and  character  of  the  salts  pres- 
ent, etc.  In  alkaline  solutions  or  in 
solutions  slightly  acid  with  organic 
acids,  the  lead  sulphide  is  present  in  col- 
loidal condition  (12),  and  the  size  of  the 
particles  to  a  large  extent  determines  the 
depth  of  coloration  (13,  p.  168).  Calcium 
salts  in  the  solution  are  much  more  ac- 
ti\-e  in  coagulating  the  sulphice  than 
sodium  or  potassium  salts.  According 
to  Woudstra,  the  solution  must  be  color- 
less before  precipitating  the  lead  sul- 
phide, and  the  standard  and  the  solution 
to  be  compared  should  contain  a  uni- 
form concentration  of  electrolytes. 

Since  it  is  difficult  to  secure  a  high 
degree  of  accuracy  with  solutions  of 
known  lead  content,  while  with  solu- 
tions containing  unknown  amounts  of 
lead  extreme  care  must  be  taken  in  or- 
der to  have  the  conditions  of  precipita- 
tion uniform  to  secure  reliable  results, 
this  method  presents  many  disadvan- 
tages from  the  point  of  view  of  rapidity 
of  execution.  With  biological  material 
it  is.  of  course.  necessar\-  to  ash  first  of 
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all  in  order  to  eliminate  the  effect  of 
organic  substances. 

The  sulphate  method  is  usually  used 
for  the  analysis  of  larger  amounts  of 
lead  than  we  are  concerned  with  here, 
although  it  is  occasionally  used  for  the 
estimation  of  lead  in  tissues  in  cases  of 
experimental  poisoning  (14,  p.  330). 
Within  its  limits  it  has  many  obvious 
advantages,  but  it  is  scarcely  applicable 
to  the  estimation  of  very  small  amounts 
of  lead.  In  order  to  separate  lead  com- 
pletely from  other  substances  and  to 
secure  a  higher  degree  of  accuracy, 
many  modifications  of  the  sulphate 
method  have  been  introduced  (15). 

Lead  sulphate  is  soluble  to  the  extent 
of  40  mg.  per  liter  at  18°  C.  (16)  and, 
while  this  solubility  is  greatly  reduced  by 
an  excess  of  alcohol  and  sulphuric  acid, 
an  appreciable  amount  of  lead  is  lost  in 
the  ordinary  course  of  manipulation. 
Schneider  (15)  found  it  necessary  to  use 
a  correction  amounting  to  6  mg.  of  lead 
sulphate  per  liter  of  filtrate. 

A  number  of  substances  such  as  am- 
monium chloride,  tartrate,  acetate,  the 
alkaline  chlorides  and  caustic  alkalies 
increase  the  solubility  of  lead  sulphate, 
thereby  leading  to  low  results ;  while 
potassium  salts  may  give  high  results, 
on  account  of  the  formation  of  a  double 
salt  of  lead  and  potassium  sulphates 
[KaPb  (SO.).]  (17). 

In  the  presence  of  much  calcium,  in- 
soluble calcium  sulphate  is  precipitated 
along  with  the  lead  sulphate,  and  it  is 
difficult  to  effect  a  quantitative  separa- 
tion of  the  two.  LIsually  this  separation 
is  effected  by  the  addition  of  ammonium 
acetate  in  which  lead  sulphate  is  readily 
soluble.  In  this  connection,  however,  it 
should  be  remembered  that  calcium  sul- 
phate also  dissolves  in  ammonium  ace- 
tate to  some  extent  (14,  p.  338).  These 
facts  make  it  apparent  that  the  deter- 


mination of  lead  as  lead  sulphate  is  suit- 
able only  for  the  estimation  of  relatively 
large  amounts  of  lead. 

As  the  molybdate,  lead  may  be  deter- 
mined either  gravimetrically  (18)  orvol- 
umetrically  (19),  since  lead  molybdate 
is  insoluble  and  lends  itself  readily  to 
either  process.  The  sensitivity  of  am- 
monium molybdate  as  a  precipitant  for 
lead  is  as  1 :  800,000,  according  to 
Eegriwe  (20).  There  are  certain  diffi- 
culties, however,  such  as  the  interference 
of  calcium  salts  and  particularly  phos- 
phates, which  render  this  process  inap- 
plicable to  the  convenient  estimation  of 
lead  in  biological  substances.  For  cal- 
cium salts  and  phosphates  both  give  in- 
soluble precipitates  with  ammonium 
molybdate,  and  both  these  substances 
are  present  in  large  amount  in  the  ash 
of  biological  material. 

The  electrolytic  process  of  lead  an- 
alysis in  which  lead  is  separated  either 
as  metallic  lead  at  the  cathode  (21),  or 
more  often  as  lead  dioxide  at  the  anode 
(22),  has  been  subjected  to  much  inves- 
tigation. In  general,  the  determination 
of  lead  as  metallic  lead  is  attended  with 
some  difficulty,  because  metallic  lead  is 
difficult  to  dry  for  weighing  without  un- 
dergoing some  oxidation.  However,  since 
lead  dioxide  may  be  quantitatively  sep- 
arated at  the  anode  by  the  electrolysis  of 
a  nitric  acid  solution  of  lead,  this  method 
is  extensively  used,  particularly  for  the 
analysis  of  alloys  containing  lead.  A 
modification  of  this  method  has  been 
devised  (Denis  and  Minot,  22)  in  which 
small  quantities  of  lead  are  estimated  by 
precipitating  the  lead  as  sulphide,  dis- 
solving the  latter  in  nitric  acid  and  sep- 
arating the  lead  electrolytically  as  diox- 
ide. This  in  contact  with  an  acid  solu- 
tion of  potassium  iodide  liberates  iodine 
quantitatively  and  the  amount  of  lead 
is  estimated  bv  titrating  the  liberated 
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iodine  with  standard  sodium  thiosul- 
phate  solution. 

Vortmann  has  found  that  phosphates 
and  sulphuric  acid  tend  to  give  low  re- 
sults in  the  electrolytic  determination  of 
lead  as  dioxide,  and  for  this  reason  low 
results  would  be  expected  when  the 
method  in  any  of  its  modifications  is  ap- 
plied to  biological  material.  Frankel 
(21),  for  example,  failed  to  detect  ex- 
creted lead  in  urine  by  this  means,  al- 
though lead  was  shown  to  be  present  un- 
questionably by  other  methods.  The  fact 
that  it  has  been  advised  that  this  method 
(at  first  proposed  by  the  Association  of 
Official  Agricultural  Chemists  for  the 
estimation  of  minute  amounts  of  lead  in 
baking  powders)  be  abandoned  (23), 
further  emphasizes  this  point.  Further- 
more, the  difficulties  of  manipulation, 
wheii  applied  to  the  determination  of 
minute  amounts  of  lead,  militate  against 
its  use  as  a  routine  method. 

The  most  insoluble  salt  of  lead  known 
at  present  is  the  chromate.  According 
to  Kohlrausch  (24),  its  solubility  in  wat- 
er at  25°  C.  is  about  0.10  mg.  per  liter, 
while  von  Hevesy  and  Paneth  (25),  who 
used  radium-D  as  a  radioactive  indi- 
cator, by  mixing  the  latter  with  a  lead 
salt  (from  which  it  is  indistinguishable) 
and  estimating  the  radioactivity  of  a 
saturated  solution  of  lead  chromate,  de- 
termined the  solubility  to  be  0.012  mg. 
per  liter.  Because  of  its  great  insolubil- 
ity and  because  of  the  fact  that  there  are 
very  few  interfering  substances  which 
would  be  likely  to  affect  the  purity  of 
precipitated  lead  chromate,  this  method 
was  particularly  recommended  years 
ago  by  Crookes  (26)  as  a  means  of  esti- 
mating exceedingly  minute  amounts  of 
lead. 

Lead  may  be  precipitated  and  weighed 
directly  as  lead  chromate,  or  it  may  be 
estimated  volumetricallv  bv  the  method 


originally  proposed  by  Diehl  {27).  In 
the  latter  method,  the  lead  is  precipi- 
tated by  an  excess  of  1/20  normal  potas- 
sium dichromate  solution  and  filtered, 
and  the  excess  of  potassium  dichromate 
in  the  filtrate  titrated  with  0.02  normal 
sodium  thiosulphate. 

The  chromate  method  has  received 
critical  examination  and  has  been  modi- 
fied by  several  investigators  (28),  yet  its 
general  applicability  to  the  estimation 
of  minute  amounts  of  lead  seems  to  have 
been  somewhat  neglected.  This  may  be 
due  in  part  to  the  fact  that  lead  chro- 
mate precipitated  from  a  concentrated 
solution  of  a  lead  salt,  particularly  in 
the  presence  of  sodium  acetate — as  is 
usually  recommended  —  tends  to  be 
basic  in  character.  This  is  due  to  the 
formation  of  PbCr04.PbO  and  will,  of 
course,  give  low  results.  As  is  shown 
below,  however,  lead  when  present  in 
small  amount  and  in  the  presence  of 
acetic  acid  may  be  precipitated  quanti- 
tati\-ely  as  lead  chromate,  PbCrOi.  In 
this  connection.  Cox  (29)  has  shown 
that  the  basic  salt  is  completely  con- 
verted into  the  normal  salt  by  means  of 
acetic  acid. 

Certain  other  metals  that  are  some- 
times found  in  the  clinical  examination 
of  feces  for  lead  may  be  sharply  separ- 
ated by  the  chromate  process.  For  ex- 
ample, manganese,  copper,  bismuth  and 
barium  are  occasionally  found  in  feces^ 
— manganese  and  copper  as  a  more  or 
less  normal  constituent ;  bismuth  which 
may  have  been  administered  medicin- 
ally ;  and  barium  which  is  often  given  as 
barium  sulphate  for  the  purpose  of  mak- 
ing X-ray  examinations.  Manganese 
under  certain  conditions  will  give  posi- 
ti\e  results  with  the  electrolytic  method, 
owing  to  the  separation  of  manganese 
dioxide  at  the  anode ;  copper  and  bis- 
mutli   will    gi\e  positive   results   if  the 
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colorimetric  sulphide  method  is  used; 
and  barium  sulphate  may  separate  as  in- 
soluble barium  sulphate  in  the  lead  sul- 
phate method  of  analysis.  In  the  method 
of  analysis  outlined  below,  however, 
lead  may  be  sharply  separated  from 
these  troublesome  substances. 

The  method  adopted  in  the  present 
investigation  is  first  to  ash  the  material 
and  to  dissolve  the  ash  completely  in 
dilute  hydrochloric  acid.  This  solution 
is  then  neutralized,  very  slightly  acidi- 
fied with  hydrochloric  acid  and  the  lead 
precipitated  as  lead  sulphide.  The 
washed  precipitate  of  lead  sulphide  is 
dissolved  in  nitric  acid,  the  excess  of 
which  is  neutralized,  the  solution  acidi- 
fied with  acetic  acid  and  the  lead  precip- 
itated as  lead  chromate  by  the  addition 
of  potassium  chromate.  After  thorough 
washing  the  lead  chromate  is  dissolved 
in  dilute  hydrochloric  acid,  an  excess  of 
potassium  iodide  added  and  the  free 
iodine  formed  by  interaction  with  the 
chromic  acid  titrated  with  sodium  thio- 
sulphate  solution.  The  lead  is  first  pre- 
cipitated as  sulphide  in  order  to  separate 
it  from  calcium  and  iron,  both  of  which 
are  often  present  in  large  amount  in  the 
ash.  If  the  attempt  is  made  to  precipi- 
tate the  lead  directly  as  chromate  in  the 
original  solution,  calcium  phosphate  is 
usually  precipitated  when  the  solution 
is  boiled,  and  a  slight  precipitate  of  fer- 
ric hydroxide,  which  often  forms,  will 
cause  high  results  owing  to  its  adsorp- 
tion of  potassium  chromate.  The  pre- 
cipitation of  lead  as  lead  sulphide  frees 
it  from  these  substances,  however,  and  is 
at  the  same  time  both  quantitative  and 
expeditious. 

Experimental 

Experience  in  the  detection  of  lead 
when  present  in  organic  material  has 
shown  that  the  first  necessary  step  in  the 


process  by  whatever  method  the  lead  is 
to  be  estimated  is  the  complete  destruc- 
tion of  the  organic  substance.  This, 
therefore,  involves  ashing  the  material 
either  at  high  temperatures  or  chemical- 
ly. In  this  investigation  considerable 
attention  was  paid  to  the  question  of 
ashing  from  the  point  of  view  of  (a) 
rapidity  of  execution  and  {b)  control  of 
lead  losses. 

Ashing  and  Extraction 

Originally  all  solids  or  semi-solids 
were  dried  by  baking  and  then  ashed  at 
a  red  heat  in  electric  muffle  furnaces 
without  much  regard  to  the  degree  of 
heat  or  the  length  of  exposure.  Be- 
cause variable  results  were  obtained 
with  tissues  containing  known  amounts 
of  lead,  however,  it  was  found  that  the 
ashing  must  be  very  carefully  conducted 
at  a  temperature  well  below  full  red 
heat,  otherwise  part  or  all  of  the  lead 
is  lost  by  volatilization.  Excessive  and 
prolonged  heating  may  be  avoided  and 
the  ashing  much  accelerated  by  extract- 
ing the  residue  with  hydrochloric  acid 
and  hot  water  after  carbonizing  at  a 
low  red  heat.  The  carbon  residue  is 
much  more  easily  oxidized  after  this 
treatment  (which  removes  the  greater 
part  of  the  lead  and  soluble  salts)  than 
if  the  attempt  is  made  to  burn  up  all  the 
carbon  at  the  first  heating.  Inorganic 
salts  greatly  hinder  oxidation  of  the 
carbon  and,  while  their  removal  appar- 
ently complicates  the  manipulation 
somewhat,  the  gain  in  time  more  than 
offsets  this  and  is  decidedly  apparent  in 
routine  investigations.  After  all  the 
carbon  is  oxidized,  a  residue  is  often 
found  which  is  insoluble  in  concentrated 
acid  or  even  in  alkali,  unless  boiled  in 
the  latter  for  a  considerable  length  of 
time.  This  residue  is  not  entirely  silica ; 
most  often  it  is  lead  phosphate.    There- 
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fore,  especial  pains  must  be  taken  to  get 
it  into  solution.  Because  of  its  refrac- 
tory behavior  toward  acids,  it  is  quite 
likely  that  in  certain  previous  work  this 
residue  has  been  mistaken  for  silica  in 
many  cases  and  discarded  as  such.  It 
was  found  that  this  residue  of  lead  phos- 
phate is  readily  soluble  in  tartaric  acid 
upon  the  addition  of  a  few  drops  of  hy- 
drochloric acid  and  may  be  estimated 
by  this  means.  Tartaric  acid  even  of 
good  quality  usually  contains  lead  and 
it  should,  therefore,  be  carefully  tested 
before  use. 

In  the  case  of  liquids,  such  as  urine, 
the  ashing  may  be  conducted  most  eas- 
ily by  evaporating  2  liters  to  drjmess 
with  the  addition  of  a  small  amount  of 
nitric  acid.  On  gentle  ignition  the 
residue  rapidly  burns  to  a  pure  white 
ash.  \\'ith  small  amounts  of  blood,  bile 
or  other  fluids  containing  organic  mat- 
ter, the  carbon  may  be  oxidized  by  heat- 
ing with  a  mixture  of  sulphuric  and 
nitric  acids  in  small  Kjeldahl  flasks. 
While  excellent  for  small  amounts  of 
fluids,  the  latter  procedure  is  rather  dif- 
ficult to  apply  to  the  ashing  of  tissues. 
Fatty  material  in  particular  is  difficult 
to  oxidize  by  this  method.  With  tissues 
in  general  it  was  found  to  take  much 
longer  than  direct  ashing  in  the  muffle, 
required  more  attention  and  was  gen- 
erally unsatisfactory. 

Method  of  An.alysis 

As  stated  above,  the  lead  is  separated 
as  the  sulphide  in  this  method  and  esti- 
mated as  the  chromate.  The  following 
procedure  "is  given  somewhat  in  detail, 
because  many  seemingly  trivial  points 
are  really  worthy  of  careful  attention. 
Their  importance  is  more  apparent  when 
it  is  considered  that  the  ratio  of  lead 
to  other  inorganic  constituents  of  the 


ash  is  frequent!}"  as  1  :  10,000  or  more. 

The  acid  solution  containing  lead 
and  relatively  large  amounts  of  calcium, 
phosphates,  etc.,  should  be  carefully 
neutralized  before  separating  the  lead  as 
sulphide,  since  otherwise  some  loss  of 
lead  will  occur  at  this  point.  The  most 
satisfactory  results  are  obtained  by  neu- 
tralizing with  sodium  hydroxide,  using 
methyl  orange  as  an  indicator,  and 
finally  adding  just  sufficient  hydro- 
chloric acid  to  give  a  distinct  acid  re- 
action. Lead  may  then  be  quantitatively 
separated  by  saturating  the  cold  solution 
with  hydrogen  sulphide.  An  excess  of 
hydrochloric  acid  should  be  avoided, 
since  incomplete  precipitation  may  oc- 
cur, on  account  of  the  slight  solubility 
of  lead  sulphide  in  the  presence  of  cal- 
cium chloride  and  hydrochloric  acid. 

The  precipitate  of  lead  sulphide  after 
filtering  should  be  washed  with  boiled  i 
distilled  water  and  dissolved  in  from 
2  to  5  c.c.  of  concentrated  nitric  acid. 
In  order  to  precipitate  the  lead  as  chro- 
mate, the  solution  of  lead  nitrate  is 
boiled  in  order  to  expel  any  hydrogen 
sulphide,  is  neutralized  with  sodium 
hydroxide  and  acidified  with  acetic  acid, 
an  excess  of  potassium  chromate  added, 
and  the  solution  boiled.  In  those  cases 
where  a  \ery  small  amount  of  lead  is 
present  (0.1  mg.  or  less),  it  is  advisable 
to  allow  the  solution  to  stand  overnight 
before  filtering.  The  precipitated  lead 
chromate  should  be  thoroughly  washed 
with  warm  water  in  order  to  remove 
traces  of  potassium  chromate,  and 
finally  should  be  washed  as  completely 
as  possible  from  the  filter  paper  into  the 
flask.  The  filter  paper  should  then  be 
washed  with  from  2  to  5  c.c.  of  1 :  1 
hydrochloric  acid  followed  at  once  with 
warm  water,  so  as  to  remo\-e  the  last 
trace  of  chromic  acid.  This  a\oids  the 
error   of   partial    reduction   of   chromic 
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acid,  owing  to  filtering  the  solution 
through  filter  paper  (30).  The  lead 
chromate  readily  dissolves  in  the  hydro- 
chloric acid,  and  the  lead  may  be  esti- 
mated by  adding  an  excess  of  potassium 
iodide  and  titrating  the  iodine  liberated 
by  the  action  of  the  chromic  acid  with 
0.005  normal  sodium  thiosulphate  solu- 
tion. The  reactions  that  occur  are  as 
follows : 

Pb(XO,),+K,CrO.=I'bCr04+2KN03 
2PbCrO,+16HCl+6KI  = 

2PbCl=+2CrCl3+6KCl+3I,+8H;0 
6Na,S,03+3I,=6NaI4-3Na.S,0, 

From  this  it  follows  that  3  mols  of 
sodium  thiosulphate  are  equivalent  to 
1  mol  of  lead  chromate,  or  1  c.c.  of  O.OOS 
normal  sodium  thiosulphate  solution  is 
equi\alent  to  0.3451  mg.  of  lead. 

The  above  method  effects  a  very  clean 
separation  of  lead  and  at  the  same  time 
permits  the  estimation  of  minute 
amounts  with  the  minimum  sacrifice  of 
time  and  care  in  manipulation.  Only 
one  carefully  standardized  solution  is 
required — the  0.005  normal  sodium 
thiosulphate  solution.  When  lead  is 
present  to  the  extent  of  a  few  tenths  of 
a  milligram  only,  the  accuracy  of  the 
estimation  may  be  increased  by  using  a 
small  burette  graduated  in  1/50  c.c.  in 
place  of  the  usual  burette  having  1/10 
c.c.  graduations. 

Where  there  is  any  question  as  to  the 
identity  of  the  chromate  precipitate  in 
those  cases  where  it  is  very  small  in 
amount  (0.05  mg.  of  Pb,  or  less),  the 
lead  is  best  identified  micro-chemically 
as  the  triple  nitrate,  K.PbCu  (N0:;)6, 
according  to  the  procedure  of  Behrens 
(31). 

A  modification  of  this  method  was 
developed  in  which  the  amount  of  lead 
chromate  was  estimated  colorimet- 
rically.  Free  chromic  acid  gives  an  in- 
tense red  color  with  s-diphenyl  carbazide 


(32).  The  lead  chromate  was  therefore 
dissolved  in  hydrochloric  acid,  1  c.c.  of 
a  solution  of  s-diphenyl  carbazide  in 
glacial  acetic  acid  added,  the  whole  solu- 
tion diluted  to  a  given  volume,  and  the 
amount  of  chromic  acid  determined 
colorimetrically,  using  as  standards  both 
an  acid  solution  of  lead  chromate  and  a 
solution  of  pure,  re-crystallized  potas- 
sium chromate.  This  method  is  strictly 
limited  to  the  estimation  of  very  small 
amounts  of  lead  (1  mg.  or  less)  and 
therefore  lacks  the  flexibility  of  the  titra- 
tion method.  When  applied  to  the  de- 
termination of  10  mg.  or  more  of  lead, 
it  is  far  less  accurate  than  the  titration 
method  (33). 

In  order  to  estimate  the  degree  of  ac- 
curacy that  could  be  obtained  by  the  ti- 
tration method,  a  considerable  number 
of  direct  analyses  were  made  of  solutions 
containing  accurately  weighed  amounts 
of  pure  lead  chloride.  All  the  reagents 
used  were  carefully  purified  and  the 
titre  of  the  sodium  thiosulphate  solution 
was  accurately  adjusted  by  means  of 
pure  arsenious  acid.  The  arsenious 
oxide  used  for  the  latter  was  carefully 
purified  by  the  method  described  by 
Chapin  (34).  The  sodium  thiosulphate 
solution  was  prepared  with  water 
freshly  distilled  and  still  warm,  and  was 
so  arranged  that  air  entering  the  stock 
bottle  passed  through  soda-lime  and  was 
finally  washed  with  sodium  thiosulphate 
solution  of  the  same  strength  as  the 
standard  solution.  In  this  manner  car- 
bon dioxide  was  excluded  and  the  solu- 
tion underwent  but  little  change  in  titre 
over  a  period  of  several  months.  Table 
1  gives  a  typical  series  of  results.  It 
will  be  noted  that  the  average  absolute 
error  of  these  analyses  is  0.02  mg.  and 
that  the  average  percentage  error  is  2.2 
per  cent.  This  corresponds  to  the  titra- 
tion error,  since  one  drop  of  the  sodium 
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thiosulphate   solution    is   equivalent   to 
0.02  mg.  of  lead. 

Several  incidental  questions  were  con- 
sidered in  the  application  of  this  method 
— such  as  the  effect  of  an  excess  of  po- 
tassium nitrate  on  precipitated  lead 
chromate,  the  solubility  of  various  lead 
salts  (particularly  lead  phosphate)  in 
tartaric  acid,  and  the  solubility  effect  of 

TABLE   1— ACCUR.ACY  OF  TITRATION   METHOD 


PbCls 

Lead 

Lead 

Absolute 

Percentage 

Number 

Solution 

Present 

Found 

Error 

Error 

cc 

mg. 

mg. 

mg. 

1 

12.31 

1.23 

1.20 

0.02 

1.6 

2 

12.58 

1.25 

1.22 

0.03 

2.4 

3 

8.53 

0.85 

0.89 

0.04 

4.7 

4 

15.63 

1.56 

1.52 

0.04 

2.5 

5 

3.68 

0.36 

0.36 

0.00 

6 

8.36 

0.83 

0.84 

0.01 

1.2' 

7 

11.93 

1.19 

1.18 

0.01 

0.8 

8 

5.08 

0.51 

0.57 

0.06 

10.5 

9 

5.94 

0.59 

0.60 

0.01 

1.7 

10 

11.09 

1.11 

1.09 

0.02 

1.8 

11 

8.13 

0.81 

0.81 

0.00 

12 

8.10 

0.81 

0.82 

0.01 

1.2 

13 

8.33 

0.83 

0.82 

0.01 

1.2 

14 

12.11 

1.21 

1.19 

0.02 

1.6 

15 

12.45 

1.24 

1.22 

0.02 

1.6 

TABLE  2.— SOLVENT  .A.CTION  OF  C.\LCIUM 

CHLORIDE     AND     HYDROCHLORIC     .-VCID 

OX  LEAD  SULPHIDE 


Experimei 

it  Lead 

Calcium 



I^ad 

Number 

Present 

Cblori.le 

.\eid 

Found 

mg. 

gm. 

mg. 

1 

1.0 

none 

none 

0.95 

2 

1.0 

1 

" 

0.99 

3 

1.0 

5 

" 

0.99 

4 

1.0 

10 

" 

0.96 

5 

1.0 

15 

" 

0.99 

6 

1.0 

none 

1 

c.c.HCllrl 

0.95 

7 

1.0 

5 

'/. 

c.c.HCllrl 

0.95 

8 

1.0 

5 

2 

cc.  acetic 

0.99 

9 

1.0 

5 

1 

c.c.HCll:l 

0.86 

10 

1.0 

5 

5 

c.c.HCll:! 

0.45 

sodium  acetate  in  contact  with  lead 
chromate.  Mertens  (35)  has  noted  the 
solvent  action  of  calcium  chloride  and 
hydrochloric  acid  on  lead  sulphide  and, 
as  this  is  an  important  point  in  connec- 
tion with  the  quantitative  separation  of 
lead  as  the  sulphide,  the  experiments 
contained  in  Table  2  were  made.  The 
results  show  that  the  slight  solubility 
of  lead  sulphide  is  not  due  to  calcium 


chloride  alone,  nor  to  a  small  amount 
of  hydrochloric  acid  alone,  since  in  each 
case  the  amount  of  lead  recovered  was, 
within  the  average  experimental  error. 
With  1  cc.  of  hydrochloric  acid  and  5 
gm.  of  calcium  chloride,  however,  the 
recovery  amounted  to  86  per  cent.,  while 
with  the  same  amount  of  calcium  chlo- 
ride and  5  cc.  of  hydrochloric  acid  the 
recovery  was  only  45  per  cent,  of  the 
total  amount  of  lead  present.  It  is 
necessar\%  therefore,  to  avoid  an  excess 
of  hydrochloric  acid  when  separating 
the  lead  as  sulphide,  for  some  calcium 
salt  will  be  present  invariably  in  the 
ash  from  tissues.  For  this  reason  the 
solution  of  the  ash  in  hydrochloric  acid 
is  first  neutralized  and  then  only  suffi- 
cient acid  added  to  give  a  distinct  acid 
reaction  to  methyl  orange. 

TABLE  3.— SOLUBILITY   EFFECT  OF  POTASSIUM 
NITR.\TE 


Experiment 

Number     Condition  of  Precipitation 


Lead 
Present 


Lead 
Found 


mg.  mg. 

Sec.  HNO,  neutralized  with 

KOH,   acidified   with   AcOH     2.00  2.03 

8  gm.   pota.ssiura  nitrate 

2   O.C.   1,'lac-ial   AcOH                    2.(M)  1.02 

2   cc.    irlacial    AcOH                     2.(Mi  2.O.-, 


Since  an  excess  of  potassium  nitrate 
is  present  during  the  precipitation  of 
lead  chromate,  an  experiment  was  made 
in  order  to  determine  the  solubility  ef- 
fect of  this  salt.  The  results  which  are 
given  in  Table  3  indicate  that  the  solu- 
bility of  lead  chromate  is  not  affected 
by  the  presence  of  potassium  nitrate. 
The  precipitate  of  lead  chromate  ob- 
tained in  neutral  or  very  slightly  acidi- 
fied solutions  is  usually  colloidal  in 
character.  Potassium  nitrate,  however, 
alters  the  physical  condition  of  the  pre- 
cipitate by  coagulating  the  suspensoid, 
thus  permitting  rapid,  quantitative  fil- 
tration of  the  lead  chromate. 

Sodium  acetate  in  great  excess  has 
some  solvent  action  on  lead  chromate. 
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In  the  ordinary  course  of  procedure  a 
small  amount  of  sodium  acetate  is  in- 
variably present.  Experiment,  however, 
shows  that  small  amounts  of  sodium 
acetate  have  a  negligible,  if  any,  solu- 
bility effect.     (Table^4.) 

TABLE  4.— THE  SOLUBILITY  EFFECT  OF 
SODIUM  ACETATE 


Experiment 

Amount  of 

Lead 

Lead 

Number 

Sodium  Acetate 

Present 

Found 

?m. 

mg. 

mg. 

I 

none 

1.00 

0.99 

2 

o.:o 

1.00 

1.02 

3 

1.00 

1.00 

1.02 

4 

2.00 

1.00 

1.00 

The  application  of  this  method  of 
analysis  was  tested  with  a  variety  of 
biological  material  to  which  known 
amounts  of  lead  had  been  added,  the 
material  being  ashed  and  analyzed  in 
the  manner  discussed  above.  The  lead 
recoveries  made,  together  with  absolute 
and  percentage  errors,  are  given  in 
Table  5. 

There  are  scant  data  in  the  literature 
concerning  the  recovery  of  very  minute 
amounts  of  lead  by  analytical  means ; 
the  work  of  Woudstra  probably  repre- 
sents the  best  from  a  critical  point  of 
view.  Woudstra  has  compared  his  col- 
orimetric  sulphide  method  with  Kiihn's 
volumetric  method  (36)  in  the  estima- 
tion of  minute  amounts  of  lead  in  water 
with  the  results  shown  in  Table  6. 

Even  though  the  recovery  of  lead 
added  to  biological  material  calls  for  a 
great  deal  more  manipulation  than  the 
estimation  of  lead  in  drinking  water, 
the  average  error  in  the  analyses  of  Ta- 
ble 5  is  4.4  per  cent.,  while  the  average 
error  in  the  two  methods  cited  by  Woud- 
stra is  14.2  per  cent,  and  10.1  per  cent., 
respectively.  It  will  be  noted  that  the 
absolute  error  in  the  results  above  (Ta- 
ble 5)  is  more  or  less  constant.  That 
is,  the  error  is  not  proportional  to  the 
amount  of  lead  determined,  and  is  very 
largely  an  end  point  error.     Thus,  the 


error  in  estimating  0.2  mg.  of  lead  in 
bile  was  0.03  mg.,  while  the  error  in 
estimating  50.0  mg.  of  lead  was  only 
0.14  mg.,  although  there  was  250  times 
as  much  lead  present  as  in  the  former 
case. 


TABLE  5.- 


-RECOVERY  OF  LEAD  IN  BIOLOGICAL 
MATERLAL 


Lead 

Lead 

Absolute 

Percentage 

Material 

.\mount 

Added 

Found 

Error 

Error 

mg. 

mg. 

mg. 

Urine 

1000  c.c. 

1.00 

1.03 

0.03 

-h3.0 

Urine 

1000  c.c. 

1.00 

1.03 

0.03 

+3.0 

Urine 

1000  c.c. 

2.50 

2.58 

0.08 

+3.2 

Urine 

1000  c.c. 

2.00 

1.92 

0.08 

—4.0 

L'rine 

1000  c.c. 

2.00 

1.92 

0.08 

—4.0 

Liver 

103  gm. 

2.50 

2.58 

0.08 

+  3.2 

Liver 

63  gm. 

2.00 

2.07 

0.07 

+  3.5 

Liver 

100  gm. 

2.00 

1.94 

0.06 

—3.0 

Liver 

76  gm. 

50.00 

49.86 

0,14 

—0.3 

Muscle 

35  gm. 

2.00 

1.99 

0.01 

—0.5 

Kidney 

50  gm. 

2.00 

2.09 

0.09 

+4.5 

Bile 

5  c.c. 

0.20 

0.21 

0.01 

+5.0 

Bile 

Sec. 

0.20 

0.17 

0.03 

—15.0 

Bile 

5  c.c. 

0.20 

0.17 

0.03 

—15.0 

Starch 

5gm. 

5.00 

4.91 

0.09 

—1.8 

Albumin 

4gm. 

5.00 

5.07 

0.07 

+  1.4 

TABLE 

6._C0\IPARIS0X  OF  X'OLUMETRIC 

PROCESS    AND    COLORLMETRIC    PROCESS 

(1 

■i.  p. 

17.5) 

Volumetric  Process 

COLORIMETRIC  PROCESS 

Amount  ot 

Percentag 

e 

Amount  of 

Per 

eentage 

Ivead 

Error 

Lea.l 

Error 

mg. 

mg. 

1.0 

—  2.0 

1.0 

- 

-18.0 

1.0 

—  1.0 

1.0 

_ 

-  8.0 

1.0 

—31.0 

0.9 

4-n.i 

1.0 

—19.0 

0.9 

- 

-  3.3 

1.2 

—18,3 

Summary 

In  this  investigation  a  volumetric 
method  of  lead  analysis  has  been  applied 
to  the  estimation  of  minute  amounts  of 
lead  in  various  kinds  of  biological  ma- 
terial. A  number  of  points  regarding 
the  proper  means  of  ashing  biological 
material,  as  well  as  the  solubility  of  lead 
chromate  in  the  presence  of  various  sub- 
stances, have  been  investigated  and  the 
sensitivity  and  accuracy  of  this  method 
ha\'e  been  compared  with  the  sensitivity 
and  accuracy  of  previous  methods. 

The  writer  takes  this  opportunity  to 
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express  his  thanks  to  Professor  Arthur     criticism  during  the  course  of  this  in- 
B.  Lamb  for  much  timely  advice  and     vestigation. 
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SKIN  DISEASES  COMMONLY  SEEN  BY  THE  INDUSTRIAL 

PHYSICIAN* 

E.  Lawrence  Oliver,  M.D. 

Boston,  Mass. 


T  N  the  work  of  the  industrial  physician 
■*■  many  skin  diseases  are  certain  to  be 
encountered.  The  writer  has  selected 
a  few  of  the  more  common  of  these  dis- 
eases for  consideration  in  this  article, 
namely: 

L  Furunculosis. 

2.  Acne  vulgaris. 

3.  Impetigo  contagiosa. 

4.  Scabies. 

5.  Psoriasis. 

6.  Eczema  and  dermatitis. 

7.  Ulcers  of  the  leg. 

Furunculosis 

According  to  Stelwagon,  a  furuncle, 
or  boil,  is  an  acute  deep-seated  inflam- 
matory, circumscribed,  rounded  or  more 
or  less  acuminated,  firm,  painful  forma- 
tion, usually  terminating  in  central  sup- 
puration and  necrosis.  The  symptoms 
are  too  well  known  to  be  discussed  here. 
The  immediate  cause  is  the  infection  of 
a  hair  follicle  or  sebaceous  gland  with 
the  staphylococcus  aureus.  When  a 
series  of  boils  occurs,  the  condition  is 
called  furunculosis ;  and  such  a  succes- 
sion of  boils  often  indicates  a  debilitated 
condition  of  the  system,  any  possible 
cause  of  which  should  be  sought.  Over- 
work and  undernourishment  are  often 
causative  factors.  In  ever}^  case  the 
urine  should  be  examined  for  albumin 
and  sugar. 

As  to  the  general  treatment  of  boils 
there   is    much   difference    of   opinion. 

*Received  for  publication  March  8,  1922. 


Some  place  great  faith  in  the  use  of  vac- 
cines ;  among  these  are  Wright  ( 1 ) ,  Eng- 
man,  Highman  (2),  and  others.  The 
writer  is  of  the  opinion,  however,  that 
vaccines  are  much  overrated.  Yeast,  a 
very  ancient  remedy  for  boils,  is  again  in 
vogue,  the  public  recently  having  been 
educated  in  this  matter  by  extensive 
newspaper  advertising,  and  it  sometimes 
seems  to  be  of  value.  Iron,  arsenic, 
strychnia  and  manganese  are  all  in  use 
in  the  treatment  of  furunculosis,  and 
probably  are  all  of  some  value  when 
tonic  treatment  is  indicated. 

In  the  past  few  years  still  another  in- 
ternal remedy  has  been  used — metallic 
tin  and  its  salt,  stannous  oxide.  It  is  an 
interesting  fact  that  this  new  treatment 
was  suggested  by  an  industrial  condi- 
tion. Gregoire  (3)  and  Frouin  (4),  two 
French  physicians,  learned  that  boils  al- 
most never  occurred  among  the  tin  min- 
ers in  France.  They  also  found  that  the 
tin  miners  were  in  the  habit  of  giving 
small  amounts  of  tin  ore  by  mouth  to 
members  of  their  families  who  were  suf- 
fering from  boils.  From  this  beginning 
Gri'goire  and  Frouin  carried  on  experi- 
ments which  convinced  them  that  tin 
and  its  salts  tend  to  inhibit  the  growth 
of  staphylococcus  when  mixed  with  cul- 
ture material  in  the  test  tube,  and  that 
they  have  a  similar  effect  in  the  human 
body  when  ingested  in  small  amounts. 
(Pure  metallic  tin  finely  divided :  gr.  ii, 
t.i.d.,  p.c. ;  pure  stannous  oxide:  gr.  ii, 
t.i.d.,   p.c.)      The  writer,   after   several 
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years'  experience  along  these  lines,  is  in  hardening   of   the    horny    layer   of   the 

agreement  with  their  conclusion.  duct  itself  leading  to  its  stoppage.    The 

In  the  local  treatment  of  the  disease  writer   cannot   accept   this   theory-,   but 

extreme  cleanliness  is  important.     Fre-  rather  believes  that  the  plugging  of  the 

quent  washing  with  soap  and  water,  fol-  ducts    is    due    to    purely    mechanical 

lowed  by  the  application  of  the  following  causes.    At  the  age  at  which  comedones 

lotionasadvisedby  Bowen  (5),is  valu-  usually    make    their    first    appearance 

able  in  pre\-enting  new  lesions  by  auto-  there  is  a  rapid  increase  in  the  produc- 

inoculation:  tion  of  sebum  coincident  with  the  ad- 

vent  of  puberty.    The  rapid  increase  in 

Resorein                              ^r.  xv-xxx  ^^^  ^^^^  ^^  ^^^  sebaceous  glands  is  prob- 

Acidi  borici   I  iss  ably  much  greater  in  proportion  than 

Alcohol %i  the  increase  in  the  size  of  the  ducts.  The 

Aquae  destillatae   .5  v  j^^^  ^^^^.^  therefore,  be  compared  to  a 

Poultices  should  not  be  emploved  ex-  drain  pipe  through  which  slovvly  moves 
cept  for  relief  of  pain.  Their  use  tends  a  thick  fluid.  If  the  amount  of  material 
to  soften  the  skin,  therebv  lowering  its  PO^^-ed  mto  such  a  drain  pipe  is  doubled, 
resistance  to  infection,  and  favoring  the  ^he  pipe  is  quite  hkely  to  become 
appearance  of  satellite  boils.  When  P'^gged  up,  and  we  do  not  have  to  seek 
poulticing  seems  advisable,  a  mild  anti-  ^^^her  than  simple  mechanics  to  ex- 
septic  ointment,  such  as  2  per  cent,  car-  P^^'""  the  cause  of  such  a  stoppage. 
bolized  petrolatum,  should  be  applied  to  ^^  ^he  earliest  stages  of  the  comedo  it 
the  skin  before  the  poultice  is  placed  in  ■«  ^n  easy  matter  to  express  the  seba- 
posltlon.  Carbolized  ointments  should,  ^^ous  plug;  in  fact  at  this  stage  scrub- 
however,  ne^•er  be  used  on  the  lingers  or  bing  with  soap  and  water,  if  practiced 
toes  when  bandages  are  to  be  applied,  as  ^aily,  is  usually  sufficient  to  establish 
there  is  danger  of  gangrene  when  this  is  drainage  of  the  glands.  If  this  drainage 
J                   "                ■"  is  established  and  kept  up  there  is  no  fur- 

wi       vi     u  -1  "  ^-^^o  "  ^     ^^.r  .^-,11  ther   development  of  the   disease,   and 

When  the  boil    points,     a  very  small  .            ^              .                -jit- 

incision  is  usuallv  all  that  is  necessary  acne  m  later  years  will  be  avoided.    Ln- 

or  advisable.     A 'sharpened  hard  wood  fortunately,  the  comedo  stage  occurs  at 

^1    ■  1    •       r..       ^u         I     •     *            *-  lUSt  the  age  when  children  are  most  apt 

toothpick  is  often  the  only  instrument  J"^'-  "•        ^^                   ,      ,  .             ,     , 

J    ,      T     ^1           1       . „  „ir  „  L   ■,  to  be  careless  about  bathing  and,  there- 
needed.     In  the  earlv  stages  01  a  boil  .^ 

i^^i-ij-'i-                   11-  fore,  comedones  mav  continue  to  form, 

such  a  toothpick  dipped  in  pure  carbolic  "    '                       ,     -              ,        ,       , 

■  1                    ^-           u     *  ^u    1     •  A  vear  or  two  later  papules   develop, 

acid  mav  sometimes  abort  the  lesion.  •                                   r  ^                r 

each  papule  representing  a  sac  of  re- 

Acne  Vulg.^ris  ^^^^^d,  ^f  "^'  ^'^^"t^  ^^^  ^"^P"',  P^"^" 

tion  of  the  duct,      ihe  pressure  of  this 

Acne  vulgaris  is  a  disease  of  the  se-  retained   material   probably  lowers  the 

baceous  glands.     Its  first  stage  is  the  resistance    of    the    gland    to    infection, 

comedo,  or  blackhead,  plugging  the  ori-  and  the  ever-present  acne  bacillus  and 

fice  of  the  sebaceous  duct.    This  condi-  staphylococcus  albus  begin  to  play  their 

tion  usually  begins  at,  or  shortly  before,  parts.     The  papules  begin  to  change  to 

puberty.    It  is  perhaps  the  generally  ac-  pustules  and  we  have  to  deal  with  a  full- 

cepted  theory  that  the  comedo  is  caused  fledged  acne.    At  this  stage  it  is  certain 

by  the  acne  bacillus  which  produces  a  that  rich  foods,  excess  of  sugar,  consti- 
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pation  and  intestinal  indigestion  may 
greatly  aggravate  the  existing  acne  by 
further  lowering  the  resistance  to  infec- 
tion, but  it  is  highly  improbable  that 
they  play  any  part  in  the  original  causa- 
tion of  acne.  Preventive  medicine  will 
prove  a  great  success  in  the  treatment  of 
acne  when  the  disease  is  seen  in  its  earli- 
est stage,  for  the  establishment  of  drain- 
age of  the  sebaceous  glands  will  invari- 
ably abort  the  disease. 

Treatment  of  the  later  stages  of  acne 
is  much  more  of  a  problem ;  both  general 
and  local  treatment  are  necessary.  The 
general  treatment  consists  of  general 
hygiene  and  treatment  directed  toward 
the  removal  of  any  probable  etiologic 
factor.  If  anemia  is  present,  iron  and 
perhaps  arsenic  may  be  of  value,  as  may 
also  tin  and  stannous  oxide,  used  as  in 
furunculosis.  As  digestive  disturbances 
and  constipation  are  common  contribu- 
tory causes,  close  attention  should  be 
given  to  their  correction  through  such 
measures  as  irrigation  of  the  large  intes- 
tine in  cases  of  partial  colonic  stasis, 
and  abdominal  massage  and  exercises 
for  the  abdominal  muscles.  Excess  of 
sweets,  especially  chocolate,  and  all  in- 
digestible food  should  be  avoided. 

In  the  local  treatment  of  acne,  good 
results  are  frequently  secured  by  the  use 
of  stimulating  lotions  causing  irritation 
and,  later,  desquamation.  The  follow- 
ing is  a  much  used  formula: 

Iv 

Sulphuris  praecipitati 

Spiritus  eamphorae   aa  .5 

Alcohol    ad  3  ss 

Sig. :  Shake  the  bottle  and  sop  on  the 
liquid  at  night  after  bathing. 

In  many  cases,  hard  scrubbing  with 
hot  water  and  tinctura  saponis  viridis 
as  a  soap  is  beneficial.  Ultraviolet  light 
used  to  produce   an   artificial    sunburn 


with  its  subsequent  desquamation  is 
also  often  of  considerable  value.  Roent- 
gen rays  have  been  used  in  the  treat- 
ment of  acne  for  many  years.  They  are 
almost  certain  to  produce  good  results 
but  their  use  has  been  condemned  by 
many  dermatologists  on  account  of  the 
later  undesirable  changes  which  they 
are  capable  of  producing,  atrophy,  tel- 
angiectasis and  pigmented  spots  having 
often  resulted  in  the  past.  Since  the  ad- 
vent of  the  Coolidge  tube,  it  is  possible 
to  measure  the  rays  with  a  considerable 
degree  of  accuracy,  and  in  the  hands  of 
an  expert  undesirable  changes  should 
rarely  or  never  occur.  The  effect  of  the 
rays  is  to  produce  a  partial  atrophy  of 
the  sebaceous  glands.  Their  use  seems 
entirely  justified  in  severe  cases  which 
do  not  respond  favorably  to  the  usual 
methods  of  treatment. 

Impetigo  Contagiosa 

Impetigo  contagiosa  is  a  superficial 
infection  of  the  skin  caused  by  the 
streptococcus,  although  the  staphylo- 
coccus aureus  is  usually  present  as  a 
secondary  invader.  The  primary  lesion 
of  the  disease  is  a  thin  walled  vesicle 
which  soon  ruptures,  its  seropurulent 
contents  drying  into  a  crust,  which  is 
usually  honey  yellow  in  color  and  has  a 
stuck  on  appearance.  It  generally  cov- 
ers a  larger  area  than  the  lesion  which 
gives  rise  to  it.  When  the  crust  is  re- 
moved a  very  superficial  erosion  be- 
neath is  exposed,  the  serous  fluid  from 
which  is  highly  autoinoculable.  The 
initial  lesion  may  spread  peripherally 
by  undermining  the  superficial  layer  of 
the  epidermis  or  new  lesions  may  con- 
tinue to  appear,  autoinoculations  from 
the  infectious  seropurulent  matter. 

The  diagnosis  of  the  disease  is  usu- 
allv  not  difficult  but  the  annular  forms 
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produced  by  central  healing  and  peri- 
pheral spreading  are  often  mistaken  for 
ringworm.  Ringworm,  howe\er,  almost 
never  shows  the  amount  of  crusting 
commonly  seen  in  impetigo.  Predis- 
posing causes  of  this  disease  are  pedicu- 
losis, scabies  and  dirt.  It  may  occur 
on  any  part  of  the  body  but  is  far  more 
frequent  on  the  face,  hands  and  scalp. 

The  prognosis  is  always  good  except 
in  the  newborn,  in  whom  the  disease  is 
sometimes  rapidly  fatal.  With  appro- 
priate treatment  children  usually  re- 
cover within  a  week  or  two,  but  in 
adults  the  course  is  apt  to  be  longer. 

Treatment  of  impetigo  contagiosa 
should  be  directed  toward  the  preven- 
tion of  new  lesions  and  toward  the  cure 
of  those  present.  The  greatest  care 
should  be  taken  to  prevent  the  infec- 
tious serum  from  coming  into  contact 
with  the  sound  skin.  The  crusts  that 
are  not  too  adherent  should  be  carefully 
remo\ed  with  soap  and  water.  After 
bathing,  the  skin  should  be  carefully 
dried,  but  rubbing  with  a  towel  should 
be  avoided.  A  mild  antiseptic  ointment 
should  then  be  applied,  such  as : 

Hydrargyri   ammoniati    gr.  x 

Petrolati    .5  i 

M. 

Ointments  of  greater  antiseptic  strength 
are  apt  to  cause  irritation  and  favor  the 
spread  of  the  disease. 

Scabies 

Scabies  is  a  contagious  disease  of  the 
skin  caused  by  the  acarus  scabiei.  The 
lesions  consist  of  excoriated  papules, 
vesicles  and  pustules.  The  disease  most 
commonly  manifests  itself  on  the  fin- 
gers, hands,  abdomen,  anterior  axillary 
folds,  lower  abdomen,  thighs  and  lower 
buttocks.    In  females,  lesions  also  com- 


monly occur  on  the  breasts ;  and  in 
males,  on  the  penis.  The  face  and  scalp, 
except  in  very  young  infants,  are  not 
involved.  Besides  the  lesions  mentioned 
above,  burrows  are  often  present,  usu- 
ally between  the  fingers  or  on  the  palms. 
They  are  caused  by  the  female  acarus 
which  makes  her  way  into  the  horny 
layer  to  deposit  her  eggs.  These  bur- 
rows are  ordinarily  not  over  half  an  inch 
long  and  as  a  rule  they  are  seen  as  tor- 
tuous dotted  lines,  at  one  end  of  which 
may  sometimes  be  obser\ed  a  gray 
speck  at  the  site  of  the  mite. 

It  is  a  common  but  erroneous  belief 
among  physicians  in  general  that  the 
symptoms  of  scabies  appear  almost  im- 
mediately after  exposure.  As  a  matter 
of  fact  it  is  usually  weeks,  sometimes 
more  than  a  month  after  exposure  be- 
fore there  is  any  considerable  itching, 
and  it  is  often  another  month  before  the 
itching  is  severe  enough  to  cause  the  pa- 
tient to  seek  treatment.  This  is  es- 
pecially true  in  persons  of  cleanly  hab- 
its, for  frequent  bathing  with  soap  and 
water,  while  never  curati\'e,  will  result 
in  a  delayed  development  of  the  disease. 

In  the  diagnosis  of  the  disease,  the 
history  is  often  of  much  importance.  In 
many  instances  when  negative  answers 
are  given  as  to  recent  exposures,  a  defi- 
nite history  may  be  obtained  of  the  pa- 
tient having  slept  with  an  itching  person 
a  month  or  six  weeks  before  the  erup- 
tion began.  Burrows  should  be  looked 
for,  and  when  found  they  are  diagnostic. 
Then  the  history  of  itching,  especially 
at  night  just  after  retiring,  and,  lastly, 
the  characteristic  distribution  of  the  le- 
sions should  make  the  diagnosis  plain. 

External  treatment  alone  is  all  that 
is  necessary  in  scabies.  Sulphur  is  the 
principal  drug  in  use.  Balsam  of  Peru 
and  beta-naphthol,  however,  are  often 
of  \alue  alone  or  in  combination  with 
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sulphur.  The  following  ointment  is  effi- 
cacious and  usually  not  too  irritating  in 
adults. 

Sulphiu'is   praecipitati    5  ii 

Beta-naphthol     5  i 

Balsami  peruviani 

Petrolati    aa  ,3  i 

M. 

It  should  be  applied  all  over  the  body 
below  the  neck  on  three  successive 
nights,  after  a  prolonged  hot  bath  and 
scrubbing  with  soap.  After  three  nights 
of  this  treatment  the  disease  is  usually 
cured.  The  sheets,  night  clothes  and 
washable  day  clothing  should  then  be 
boiled,  and  the  parts  of  the  outer  cloth- 
ing coming  in  contact  with  the  skin 
should  be  pressed  with  a  hot  iron. 

Before  treating  a  patient  with  scabies 
careful  inquiry  should  be  made  as  to 
other  members  of  the  family,  for  often 
the  entire  family  will  be  found  to  be  in 
need  of  treatment.  If  the  patient  sleeps 
with  another  person,  this  person  should 
always  be  treated  whether  or  not  symp- 
toms of  the  disease  are  manifest. 

After  three  nights'  treatment  as  out- 
lined above,  the  patient  may  still  com- 
plain of  itching.  This  itching  is  due  to 
irritation  of  the  skin  from  the  ointment 
and  may  be  relieved  by  antipruritic 
washes  or  starch  baths.  If  there  is  to  be 
a  relapse  of  scabies  or  a  reinfection,  it 
probably  will  not  occur  for  several 
weeks ;  in  any  case,  a  repetition  of  the 
treatment  for  scabies  is  not  advisable 
until  at  least  three  weeks  have  elapsed 
since  the  previous  three  day  course  of 
treatment,  on  account  of  the  danger  of 
producing  severe  dermatitis. 

Psoriasis 

This  disease  is  a  scaling  dermatosis 
usuallv  chronic.    As  a  rule  it  first  shows 


itself  in  youth  or  in  early  adult  life, 
though  it  may  begin  at  any  age.  The 
primar}'  lesions  are  tiny  red  papules  sur- 
mounted by  silvery  scales.  These  le- 
sions may  increase  in  size  and  number 
until  they  are  scattered  over  a  large 
part  of  the  body,  or  they  may  remain 
limited  to  a  few  areas,  such  as  the  re- 
gion of  the  elbows  and  knees  which  are 
favorite  locations  for  the  disease.  The 
scalp  also  is  a  common  site. 

Psoriasis  when  widely  distributed 
may  resemble  a  scaling  papular  syphi- 
lide,  but  the  scales  of  the  latter  rarely 
have  the  sihery  appearance  of  psoriatic 
scales.  Other  signs  pointing  to  syphi- 
lis, constitutional  symptoms,  mucous 
patches,  condylomata,  history  of  a 
chancre,  etc.,  should  be  carefully  looked 
for  in  doubtful  cases,  and  a  Wasser- 
mann  test  should  be  done. 

The  etiology  of  psoriasis  is  a  mystery. 
There  are  two  main  theories :  one,  that 
it  is  infectious ;  the  other,  that  it  is 
caused  by  a  disturbance  of  nitrogen 
metabolism. 

The  treatment  of  the  disease  consists 
of  regulation  of  diet,  internal  adminis- 
tration of  drugs,  and  external  measures. 
Dietary  restriction  of  proteids  which  is 
in  great  favor  with  some  authorities, 
notably  Schamberg,  is  of  doubtful  value. 
It  is  true  that  starvation  often  tends  to 
clear  up  the  lesions,  but  permanent 
benefit  is  seldom  obtained.  Acute  ill- 
nesses with  fever  of  more  than  a  week's 
duration  also  cause  temporary  improve- 
ment as  does  severe  hemorrhage,  but 
the  induction  of  these  conditions  is  not 
advisable  in  treatment. 

A  simple  nutritious  diet  should  be  ad- 
vocated. Alcohol  should  be  forbidden. 
As  to  drugs,  arsenic  is  usually  placed 
first.  It  is  only  of  occasional  \'alue, 
however,  and  more  often  has  no  effect 
on  the  disease.    Externally,  perhaps  the 
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most  valuable  drug  is  chrysarobin,  but 
it  is  not  always  well  tolerated,  and  der- 
matitis from  its  use  is  frequent.  Oint- 
ments of  from  2  to  3  per  cent,  chrysaro- 
bin often  give  better  results  than  those 
of  higher  percentage.  One  disadvantage 
in  the  use  of  chn,-sarobin  is  the  fact  that 
its  stains  on  clothing  cannot  be  re- 
moved. Moreover,  it  stains  blond  or 
white  hair  and  is,  therefore,  rarely  used 
on  the  scalp.  It  is  also  wise  to  advise 
against  its  use  on  the  face  as  it  is  likely 
to  produce  conjunctivitis.  Sulphur, 
salicylic  acid  and  oil  of  cade  are  also 
useful  in  psoriasis.  A  combination  of 
the  three,  as  in  the  following  prescrip- 
tion, is  often  effective. 

Sulphuris  praeeipitati 
Olei  cadini 

Aeidi   salicylici    aa  .3  ss 

Petrolati    o  i 

M. 

For  the  face  and  scalp  the  following 
ointment  is  useful  in  many  instances. 

Hydrargyri   ammoniati    5  ss 

Petrolati   o  i 

M. 

Daily  warm  baths  should  be  prescribed 
to  assist  in  removing  the  scales. 

By  these  various  measures  the  lesions 
of  psoriasis  often  disappear,  but  unfor- 
tunately there  is  no  assurance  of  perma- 
nent cure,  for  relapses  are  the  rule 
rather  than  the  exception. 

Eczema  and  Dermatitis 

Eczema  is  an  e.xudative  inflammatory 
disease  of  the  skin  characterized  by  red- 
ness, papules,  vesicles  or  pustules,  fol- 
lowed by  oozing,  crusting  or  scaling. 
Eczema  may  be  acute  or  chronic.  It 
has  been  subdivided  by  numerous 
authors  into  innumerable  \arieties.  The 


two  main  theories  as  to  its  cause  are 
diametrically  opposed:  The  French 
School  believes  eczema  to  be  of  internal 
origin,  while  the  German  School  (the 
theor>'  of  Hebra)  believes  it  to  be  of  ex- 
ternal origin.  The  truth  probably  lies 
halfway  between — i.e.,  that  some  cases 
of  eczema  are  of  internal  origin,  and  still 
others  are  of  external  origin,  and  still 
others  are  due  to  a  combination  of  the 
two.  If  we  accept  the  latter  idea  we 
include  dermatitis  in  the  term  eczema, 
or  vice  versa,  so  that  the  two  words  be- 
come synonymous.  According  to  High- 
man,  "The  chief  reason  for  separating 
the  two  [referring  to  dermatitis  and 
eczema]  is  the  fact  that  in  dermatitis  a 
recognized  excitant  exists  not  invariably 
demonstrable  in  eczema."  In  another 
paragraph  he  states,  "They  [eczema  and 
dermatitis]  are  however  identical  clini- 
cally and  microscopically."  In  his  clas- 
sification, therefore,  he  considers  ec- 
zema and  dermatitis  as  one  and  the 
same  disease.  He  prefers  the  word  der- 
matitis, and  divides  the  disease  into  der- 
matitis from  external  causes  and  der- 
matitis from  internal  causes.  This  point 
of  view  certainly  makes  the  subject  seem 
more  understandable  to  most  of  us. 

The  most  constant  symptom  of  ec- 
zema is  itching.  There  may  also  be  a 
burning  sensation.  There  may  be 
oozing  from  ruptured  vesicles,  crusts 
formed  by  the  drying  of  serous  or  puru- 
lent exudate,  or  there  may  be  scales 
formed  of  desquamating  epithelium. 
After  continued  scratching  infiltration 
occurs,  and  the  skin  becomes  leathery 
both  to  sight  and  to  touch.  Eczema 
may  affect  the  skin  in  any  or  every  part 
of  the  body.  Its  course  varies  greatly, 
depending  largely  on  its  cause.  Cases 
originating  from  external  irritants  usu- 
ally clear  up  when  the  cause  is  removed, 
but   a   sensitization   often   follows   that 
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may  preclude  further  handling  of  the  may  be  employed.     The  best  rule  is  to 

causative  irritant  with  impunity.  use  only  the  mildest  remedies  in  acute 

Occupational    dermatitis,    or    profes-  cases.    In  chronic  scaling  cases  without 

sional  eczema,  is  commonly  confined  to  much    redness,    and    especially    where 

the  hands,  and  is  often  seen  in  factory  there  is  much  thickening  of  the  horny 

workers^  nurses,  doctors,  and  dentists,  layer,    stronger    applications    may    be 

Lane  (6)  has  recently  described  a  der-  used  such  as  oil  of  cade,  sulphur,  sali- 

matitis  in  dentists  caused  by  solutions  cylic   acid,   resorcin,  and  even  chrysa- 

of  no\ocain  coming  in  contact  with  the  robin.     It  is  always  best,  however,  to 

skin.     Indeed,  in  many  trades  derma-  work  up  gradually  to  the  stronger  mix- 

titis  of  the  hands  is  apt  to  occur.    Physi-  tures.    In  chronic  cases  ultraviolet  light 

cal  conditions  at  the  place  of  employ-  and  X-rays  are  often  of  great  value, 
ment  may  increase  the  susceptibility  to 

dermatitis.  The  writer  recalls  the  case  Ulcers  of  the  Leg 
of  a  cement  worker  who  had  been  en- 
gaged at  his  trade  for  fifteen  years  with-  Leg  ulcers  are  common  in  all  surgical 
out  skin  trouble,  when  he  was  put  to  clinics.  The  so-called  "varicose  ulcer" 
work  cementing  the  walls  of  an  ele\ator  is  the  most  common  variety  but  the  pos- 
well.  His  work  was  begun  at  the  bot-  sibility  of  other  causes  than  varicose 
tom  of  the  well,  30  feet  below  the  sur-  veins  should  always  be  borne  in  mind, 
face  level.  It  was  winter,  the  building  for  ulcers  of  the  leg  due  to  late  sj-philis 
under  construction  was  unheated,  and  are  not  uncommon  and  may  occur  in 
the  air  in  the  well  was  cold  and  damp,  association  with  varicosities.  As  a  rule 
The  second  day  at  this  work  he  acquired  syphilitic  ulcers  occur  higher  up  the  leg 
a  severe  dermatitis  which  kept  him  from  than  varicose  ulcers.  Furthermore,  ul- 
work  for  many  months.  Excessive  cers  due  to  late  syphilis  have  a  punched 
sweating  also  often  makes  the  skin  more  out  appearance  and  a  history  of  rather 
sensitive  to  irritants ;  for  example,  when  more  rapid  necrosis  than  is  usual  in  the 
the  skin  is  sweating  freely,  poisoning  b>-  \aricose  variet}'. 

poison    i\y     {rhus    toxicodendron)     is  The  immediate  cause  of  varicose  u!- 

much  more  likely  to  occur.  cers   is   usually  trauma.     The  trauma 

In  the  treatment  of  dermatitis,  any  may  be  very  slight;  a  scratched  mos- 

probable  cause  should,  if  possible,  be  re-  quito  bite  may  be  the  starting  point  of 

moved.     If  the  disease  is  acute,  moist  a  large  chronic  ulcer.     Spontaneous  or 

dressings    may   be    employed,    such    as  traumatic  rupture  of  a  \aricose  vein  is 

boric  acid  solutions,  or  drying,  soothing  not   an  infrequent  beginning  of  a   leg 

washes,  such  as  the  following:  ulcer.     The  chronicity  of  leg  ulcers  is 

J,  usually  due  to  faulty  circulation  which, 

Acidi  earbolici                              ->  ss  ^^  turn,  is  generally  due  to  dilated  veins 

Zinci  oxidi  5  ss  and  edema.     In  growing  children  with- 

Liquor  caleis  ad  .i  viii  out  varicosities  we  sometimes  find  the 

or  pastes,  such  as  that  of  Lassar:  hands,  feet  and  legs  blue  and  cold  to 

5  the  touch.     In  these  children  ulcers  of 

Zinci  oxidi   .3ss  ji^g  J       aj-e   apt  to   result  from   slight 

Amvh  maidis  ,  .   ,                         ■                   ^      ■ 

Peti-olati                                    aa  =  ss  trauma,  which  are  sometimes  as  obsti- 

M.  nate  as  an  old  chronic  varicose  ulcer. 
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Here,  too,  it  is  sluggish  circulation 
which  makes  healing  difficult,  for  al- 
though varicosities  may  be  absent  the 
functional  vasomotor  disorder  leading 
to  poor  peripheral  circulation  may  lead 
to  obstinate  leg  ulcers. 

Leg  ulcers  cannot  all  be  treated  alike 
with  success,  and  much  judgment  is, 
therefore,  often  required  in  the  choice 
of  treatment.  Some  persons  are  bene- 
fited by  the  application  of  a  5  per  cent. 
Scharlach  R  ointment,  while  others  with 
sensitive  skins  or  a  tendency  to  eczema 
will  be  made  worse  by  it.  If  the  patient 
is  able  and  willing  to  go  to  bed  or  give 
up  work  and  keep  the  leg  up  most  of  the 
time,  it  is  often  advisable  for  him  to  do 
so,  as  healing  will  almost  always  be 
hastened;  on  the  other  hand,  if  a  leg 
ulcer  can  be  healed  with  the  patient  on 
his  feet,  it  is  more  likely  to  stay  healed. 

To  put  the  ulcer  in  the  best  condition 
for  healing,  the  ulcer  itself  should  be 
kept  clean,  edema  of  the  leg  should  be 
combatted  by  bandaging  or  by  keeping 
the  leg  raised,  or  both,  the  circulation 
should  be  promoted,  and  epithelial 
growth  should  be  stimulated.  Many 
methods  are  in  use  for  keeping  the  ulcer 
clean.  Here,  also,  it  is  difficult  to  gen- 
eralize for  while  peroxide  may  do  well 
in  some  cases,  it  may  prove  irritating  in 
others.  The  same  is  true  of  boric  acid 
solutions.  If  Dakin's  solution  is  used, 
the  skin  should  be  carefully  protected; 
otherwise  much  irritation  is  likely  to 
occur.  Boric  acid  ointments,  black 
wash,  Balsam  of  Peru  in  oil  or  oint- 
ment, Scharlach  R  in  ointment,  and 
Lassar's  paste  may  all  at  times  be  used 
to  advantage.  \Vhate\er  method  of 
treatment  is  used,  bandages  or  elastic 
stockings  should  be  worn  whenever  the 
patient  is  on  his  feet. 

In  recent  years  sunlight  treatment  for 
ulcers  has  been  used  with  much  benefit. 


Its  good  effects  are  probably  due  to 
stimulation  of  the  local  circulation  by 
the  solar  rays.  If  natural  sunlight  is  to 
produce  the  best  results,  the  ulcer  must 
be  exposed  to  the  sun  many  hours  a  day. 
To  save  much  time  or  to  take  the  place 
of  sunlight  ultraviolet  light  may  be  used. 
It  is  extraordinary  how  quickly  many 
foul,  dirty  ulcers  may  be  converted  into 
red,  healthy  granulations  by  the  use  of 
ultraviolet  light.  A  few  minutes'  ex- 
posure of  the  ulcer  and  surrounding 
skin  gives  rise  to  a  "sunburn,"  which 
appears  the  next  day.  This  sunburn 
means  active  hyperemia,  in  other  words, 
an  increased  flow  of  arterial  blood  to 
the  skin  about  the  ulcer,  and  it  must  be 
granted  that  such  a  condition  combats 
infection  and  stimulates  epithelial 
growth. 

It  is  occasionally  advisable  to  skin 
graft  ulcers  of  the  leg.  In  such  cases  a 
few  exposures  of  the  ulcer  to  ultraviolet 
light  will  often  prove  of  the  greatest  help 
in  preparing  the  field  for  the  operation. 
Foote  (7)  states  that  "The  leg  of  an  un- 
healthy or  aged  person  is  a  most  unfav- 
orable site  for  skin  grafting.  Sometimes 
the  grafts  will  not  attach  themselves, 
sometimes  they  atroph}-  for  lack  of  nu- 
triment while  the  patient  is  still  in  bed." 
These  statements  are  undoubtedly  true, 
but  if  the  area  to  be  grafted  were  given 
three  or  four  exposures  to  ultraviolet 
light  in  proper  dosage,  the  writer  feels 
sure  that  failures  in  skin  grafting  would 
be  far  less  frequent  even  in  the  aged  or 
debilitated. 

After  a  leg  ulcer  is  healed,  the  ques- 
tion of  the  advisability  of  an  operation 
for  varicose  veins  arises.  Much  good 
may  be  accomplished  by  operation  in 
suitable  cases,  but  the  selection  of  these 
cases  requires  a  considerable  amount  of 
experience  and  judgment.  If  the  valves 
of  the  internal  veins  are  incompetent  the 
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best  results  cannot  be  looked  for  from  bandage  constantly  during  the  da}'  and 

an  operation.     If  an  operation  is   not  never  to  be  on  his  feet  without  such 

advisable  the  patient  should  be  instruct-  support, 
ed  to  wear  an  elastic  stocking  or  leg 
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EXPERIMENTAL  OBSERVATIONS  UPON  THE  RELATION  BETWEEN 
ATMOSPHERIC  CONDITIONS   AND    THE    PRODUCTION 
OF   FATIGUE    IN    MINE    LABORERS* 

A.  J.  Orenstein,  C.M.G.,  M.D.,  M.R.C.S. 

and 
H.  J.  Ireland,  M.B.E.,  B.Sc,  A.M.I.C.E. 

Johannesburg,  South   Africa 


Introductory 
IT  has  long  been  known  that  oppres- 
sive atmospheric  conditions  have  a 
prejudicial  effect  on  the  output  of  work 
and  the  health  of  the  workers  sub- 
jected to  such  conditions,  but  until  com- 
paratively recently  there  has  been  a 
decided  lack  of  definite  information  with 
regard  to  the  casual  factors  in  good  or 
bad  air  conditions,  and  consequently  a 
lack  of  adequate  standards  of  good  con- 
ditions. 

Dr.  Leonard  Hill,  the  eminent  physi- 
ologist, as  a  result  of  his  classical  re- 
searches, has  disproved  the  validit}-  of 
many  of  the  accepted  ideas  and  estab- 
lished new  standards  of  ventilation. 
Several  years  ago,  some  of  the  results 
of  Dr.  Hill's  researches  were  brought  to 
the  notice  of  one  of  us  (A.J.O.),  who 
procured  the  necessary  instruments  and 
had  a  series  of  readings  taken  in  various 
parts  of  the  Rand  Mines,  to  determine 
how  the  conditions  there  compared  with 
ideal  conditions  and  also,  to  some  ex- 
tent, how  these  conditions  affected  the 
workers  physiologically.  Readings  of 
the  cooling  power  of  the  air  were  taken 
by   the    kata-thermometer    (an    instru- 

•  riiblislicfl  by  permission  of  the  ExwMitive  of 
the  Tran.svanI  Chainlior  of  Minos.  Received  for 
publication  July  27,  1921. 


ment  designed  and  introduced  by  Dr. 
Hill),  and  of  the  temperature  by  wet 
and  dry  bulb  thermometer;  also  skin 
temperature  and  loss  of  weight  of  the 
workers  were  recorded,  and  general  ob- 
servations were  made  as  to  the  effect 
produced  by  the  conditions  in  the  vari- 
ous parts  of  the  mines. 

These  investigations  furnished  a  great 
deal  of  useful  information  but  it  was 
felt  that  it  was  of  the  utmost  importance 
to  make  further  investigations,  particu- 
larly with  regard  to  the  effects  of  atmos- 
pheric conditions  on  "output  of  work" 
and  on  the  fatigue  produced  in  the  work- 
ers. In  1919  the  second  subscribed 
(H.  J.  I.),  Testing  and  Investigating 
Engineer  of  H.M.  Office  of  Works,  Lon- 
don, who  had  had  considerable  experi- 
ence in  ventilation  problems  and  had 
made  some  study  of  fatigue  and  other 
physiological  effects  of  atmospheric  con- 
ditions, was  out  in  this  country  on  work 
for  the  L^nion  Government,  and  it  was 
considered  that  if  his  services  could  be 
obtained  for  the  investigation  proposed 
it  would  be  a  good  opportunity  to  have 
it  carried  out.  The  proposal  was  made 
to  the  Chamber  of  Mines  and  agreed  to, 
and  a  committee  was  elected  to  advise 
on  and  control  the  investigation.     Mr. 
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P.  Hendry  was  selected  from  the  Engi- 
neering Department,  Central  Mining  & 
Investment  Corporation,  Ltd.,  to  collab- 
orate in  the  work,  which  was  begun  on 
January  1,  1920. 

The  aspects  of  the  problem  intended 
to  be  investigated  were  as  follows : 

1.  Influence  on  fatigue  of  atmospheric 
eonditiona. 

2.  Influence  on  fatigue  of  short  rest 
periods. 

3.  Influence  of  midday  meal. 

4.  Influence  of  posture  on  fatigue. 
Also,  if  time  permitted, 

5.  Relation  of  dust  content  to  fatigue. 

6.  Relation  of  CO,  content  to  fatigue. 

7.  Hospital  records  of  selected  classes  of 
workers  in  various  occupations  and  under 
various  conditions  of  work   (if  possible). 

It  was  thought  that  after  apparatus 
had  been  designed  and  obtained,  six 
months  would  be  ample  time  to  carry 
out  tests,  which,  though  by  no  means 
exhaustive,  would  furnish  sufficient  in- 
formation to  enable  estimates  to  be 
made  with  regard  to  loss  of  output  due 
to  bad  conditions,  and  with  regard  to 
the  effect  of  poor  working  conditions  on 
the  health  of  the  workers. 

The  investigation  was  fraught  with 
difficulties,  since  the  investigation  of  fa- 
tigue is,  with  the  best  conditions,  a 
somewhat  difficult  matter.  Up  to  the 
present  time,  fatigue  tests  have  been 
chiefly  carried  out  in  the  laboratory  on 
intelligent  subjects;  whereas,  in  this 
case,  the  subjects  were  natives  and  the 
apparatus  had  to  be  capable  of  with- 
standing the  rough  conditions  of  the 
mines,  and  of  registering,  as  nearly  as 
possible,  normal  mining  work. 

A  good  deal  of  preliminary  experi- 
menting was  required  before  satisfactory 
apparatus  was  decided  on,  and  a  much 
longer  time  than  was  anticipated  was 
occupied  in  constructing  the  apparatus. 
Shortly  after  the  tests  were  begun,  Mr. 


Hendry  was  recalled  to  the  Engineering 
Department  to  take  up  an  important 
post,  and  a  man  entirely  new  to  the  work 
(Mr.  R.  Huntley-Smith,  B.Sc,  F.G.S.) 
had  to  be  instructed  in  the  principles  of 
the  investigation  and  the  use  of  the  ap- 
paratus. A  great  many  unforeseen  diffi- 
culties arose  during  the  tests,  such  as  ac- 
cidents to  apparatus,  which  occasioned 
the  loss  of  valuable  time,  with  the  result 
that  onh^  part  of  what  the  investigators 
set  out  to  do  has  been  accomplished,  and 
has  occupied  a  much  longer  time  than 
was  anticipated.  The  tests  have,  how- 
ever, afforded  much  useful  and  interest- 
ing information,  and  it  is  hoped  that 
they  will  provide  a  basis  for  estimates 
of  efficiency  and  a  guide  to  the  working 
conditions  to  be  aimed  at.  More  par- 
ticularly it  is  hoped  that  the  results 
achieved  will  be  accepted  as  warranting 
further,  more  inclusive  and  more  de- 
tailed research  on  similar  lines. 

Besides  giving  the  facts  established  by 
the  investigation,  the  investigators  have 
included  in  this  report  some  of  the  re- 
sults of  other  investigations,  such  as 
those  on  the  general  questions  of  fatigue 
and  ventilation,  and  have  also  included 
possible  facts  indicated,  though  not  act- 
ually demonstrated,  by  the  tests  ;  other- 
wise the  report  would  lose  much  of  its 
significance.* 


*  Tlie  investifrators  are  much  indebted  to  Mr. 
.T.  Whitehouse,  Manager  of  the  Village  Deep  Mine, 
for  permi.ssion  to  carry  out  the  tests  in  that  mine, 
fur  lending  the  native  subjects.  an<l  for  pro- 
viding tlie  necessary  facilities  for  the  tests,  and  to 
various  members  of  his  staff  for  their  kind  assist- 
ance in  constructing  and  repairing  parts  of  ap- 
paratus, etc. :  to  Professor  .1.  Orr  of  the  Engineer- 
ing Department  of  the  T'niversity,  for  allowing 
the  use  of  his  workshop  and  machine  tools  for  the 
constniction  and  testing  of  some  of  the  apparatus: 
to  Messrs.  Reunert  &  l^enz  for  the  loan  of  a  fan 
with  water-motor:  to  Mr.  P.  ?lendry.  P.  Sp..  Chief 
Draughtsman.  Central  Mining,  for  his  help  in  the 
design,  construction  and  ad.lusting  of  the  apparatus 
in  general,  and  especially  for  his  work  in  connec- 
tion with  the  hammer  ergometer  with  regard  to 
which  we  consider  it  .instifiable  to  lay  elaim  to 
originality  of  design  and  adaptation  :  to  Mr.  A. 
Gordon,    Chief    Sanitary    Inspector,    Rnud    Mines. 
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To  enable  those,  who  have  not  studied 
the  problems  of  fatigue  and  the  physio- 
logical aspects  of  ventilation,  to  appre- 
ciate the  results  of  the  investigation,  it 
will  be  better  at  this  stage  to  discuss 
briefly  the  fundamental  principles  of 
these  subjects. 

GENER.A.L  Principles  of  Fatigue 

When  a  muscle  or  group  of  muscles, 
such  as  the  flexor  muscles  of  the  fore- 
arm or  lingers,  are  repeatedly  contracted 
against  sufficient  resistance  with  certain 
rapidity,  there  soon  comes  a  time  when 
not  only  has  the  amplitude  of  motion 
been  considerably  diminished,  but  any 
further  movement  whatever  becomes 
impossible;  that  group  of  muscles  has 
been  "fatigued  to  exhaustion"  and  will 
take  considerable  time  to  recover.  This 
process  takes  place  whether  the  muscu- 
lar contraction  is  actuated  by  the  will  or 
is  stimulated  by  the  repeated  application 
of  an  electric  current  to  the  nerves  con- 
trolling the  group  of  muscles. 

Many  investigators  have  contributed 
to  the  sum  of  knowledge  on  fatigue,  but 
the  one  who  stands  out  pre-eminently 
as  having  done  most  to  investigate  hu- 
man fatigue  is  Professor  Mosso  of  Turin 
University,  whose  researches,  with  those 
of  his  followers,  have  shed  a  flood  of 
light  on  this  complex  problem  and  have 
established  most  of  its  fundamental 
laws.  His  work  has  been  supplemented 
by  others,  chiefly  with  regard  to  the  bio- 
chemic  processes,  and  in  recent  years  by 


Ltd.,  for  valuable  help  in  preparation  of  illustra- 
tions. dia!rram.s,  etc..  in  the  taking  of  general 
kata-thermometer  readings,  anil  for  useful  infor- 
mation and  suggestions  gained  in  his  experience 
of  previous  tests  of  atmospheric  conditions  in  sev- 
eral of  the  Rand  Mines:  and  histl.v.  hut  not  least, 
til  I'rofessiir  Leonard  Hill.  F.U.S..  who  has  freely 
given  Infonnation  and  literature  on  the  physi- 
ological asT>eots  of  the  problem,  wliose  researches 
form  the  basis  of  tbis  invesligiilion,  and  whose 
instrument,  the  kata-thermometer.  has  made  pos- 
sible the  exact  measurement  of  atmospheric 
conditions. 


many  investigators  in  the  field  of  indus- 
trial fatigue. 

Muscular  activity  is  a  biochemic  pro- 
cess, a  form  of  combustion,  in  which  the 
energy-giving  material,  called  glycogen, 
is  oxidized  in  the  muscles,  forming  sar- 
colactic  acid  and  carbon  dioxide.  The 
glycogen  is  a  form  of  sugar  derived  from 
the  de.xtrose  of  the  blood  and  elaborated 
by  and  stored  in  the  muscles.  The  liver 
also  has  the  faculty  of  secreting  and  stor- 
ing considerable  amounts  of  glycogen 
which  can  be  used  as  an  emergency  store 
when  the  muscle  supply  is  exhausted. 
The  sarcolactic  acid  formed  during  mus- 
cular action,  and  probably  other  chemi- 
cal products,  have  a  toxic  effect  on  the 
controlling  nerve  endings,  thus  inhibit- 
ing further  action.  The  process  of  fa- 
tigue, then,  is  twofold:  (1)  the  con- 
sumption of  the  energizing  material ; 
and  (2)  the  production  of  waste  prod- 
ucts and  toxins  paralyzing  the  nerve 
control. 

So  far,  we  have  very  briefly  dealt  with 
local  fatigue,  the  process  of  recovery 
from  which  is  the  renewal  from  the  blood 
stream  of  the  glycogen  in  the  muscle, 
and  the  washing  away  by  the  blood 
stream  of  the  toxic  and  waste  products 
As  muscular  action  proceeds,  the  blood 
stream,  as  it  washes  away  the  toxic  prod- 
ucts, becomes  less  and  less  capable  of 
absorbing  more,  until  finally  there  re- 
sults a  condition  of  general  fatigue  in 
which  e\-ery  muscle  of  the  body  is  af- 
fected. This  principle  was  made  use  of 
by  Mosso  to  estimate  general  fatigue 
by  the  ergograph.  If  fatigue  products 
are  produced  at  such  an  extreme  rate 
that  the  blood  becomes  surcharged, 
death  may  ensue,  and  instances  are 
known  of  runners  and  hunted  animals 
dropping  dead  through  sheer  excess  of 
fatigue  toxins  in  the  blood,  inhibiting 
the  action  of  the  muscles  of  the  heart, 
and  thus  causing  death. 
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In  the  use  of  the  ergograph  a  small 
group  of  muscles,  let  us  say,  for  exam- 
ple, those  flexing  the  middle  finger,  are 
made  to  contract,  lifting  a  weight  or  ex- 
tending a  spring,  the  other  fingers  and 
the  wrist  being  fixed  to  confine  the 
movement  to  the  one  finger;  the  con- 
tractions proceed  at  a  predetermined 
rate  until  no  further  movement  is  pos- 
sible, a  record  of  the  movements  being 
traced  on  a  smoked  cylinder  or  roll  of 
paper.  The  curve  joining  the  upper 
limits  of  a  fatigue  tracing  may  be  called 
the  "curve  of  fatigue,"  and  the  degree 
of  general  fatigue  at  any  time  may  be 
estimated  by  comparing  the  records 
taken  when  the  body  is  fresh,  and  after 
work  is  performed.  The  amount  of  gen- 
eral fatigue  produced  in  taking  the  erg- 
ograph record  is  usually  so  small  as  to 
be  negligible. 

The  recovery  from  a  condition  of  gen- 
eral fatigue  is  a  process  requiring  sev- 
eral hours  of  rest  and  sleep,  during 
which  mental  consciousness  and  the 
greater  part  of  the  muscular  activity  of 
the  body  are  suspended,  respiration  and 
the  heart's  action  are  slower,  and  the 
vital  energy  of  the  body  controlled,  per- 
haps, by  the  subconscious  mind,  is  di- 
rected to  the  elimination  of  waste  prod- 
ucts from  the  tissues  to  the  blood 
stream  and  from  there  to  the  organs  of 
excretion,  to  the  rebuilding  of  wasted 
tissue  and  the  re-storage  of  energy-giv- 
ing constituents.  If  the  period  of  rest 
and  sleep  is  adequate,  the  production  of 
fatigue  products  is  balanced  by  the 
elimination,  and  the  body  is  capable  of 
starting  afresh  to  perform  good  work; 
but  if  not,  the  results  of  fatigue  are 
partly  carried  over  to  the  next  day,  and 
if  work  is  repeatedly  followed  by  inade- 
quate rest  and  recovery,  an  accumula- 
tion of  fatigue  products  Is  produced  in 
the  body,  the  tissues  and  muscles  are 
never  properly  cleansed,  the  individual 


becomes  chronically  tired  and  inefficient 

and  will  ultimately  show  definite  patho- 
logical symptoms. 

In  some  instances  fatigue  seems  to 
be  greatest  in  the  morning  after  rest  and 
to  diminish  as  the  day  goes  on.  This 
occurs  in  the  healthy  person  when  there 
has  been  especially  heavy  and  prolonged 
exertion  on  the  previous  day.  It  may,  in 
some  cases,  be  due  to  interrupted  rest, 
the  process  of  elimination  of  waste  prod- 
ucts being  interrupted  when  in  full 
swing.  In  certain  instances  it  may  be 
due  to  the  accumulation  of  bacterial  or 
other  toxins  interfering  with  the  normal 
process  of  elimination  and  leaving  a 
residuum  of  waste  products  always  in 
the  tissues  or  blood  stream.  These  con- 
ditions, however,  are  neither  normal  nor 
ordinarily  met  with,  but  mention  is 
made  of  them  as  they  seem  to  occur  in 
a  few  instances  in  the  tests. 

The  results  of  over-fatigue  are  well 
known.  Some  of  these  are:  lassitude, 
loss  of  mental  alertness,  craving  for 
stimulants,  decreased  resistance  to  dis- 
ease, increased  liability  to  "chill,"  nerv- 
ous irritability  and  discontent,  and,  as 
shown  later,  an  enormous  lowering  of 
efficiency  in  the  performance  of  work. 
A  great  deal  of  the  labor  unrest  as  well 
as  the  high  morbidity  in  munition  work- 
ers in  England  during  the  first  years 
of  the  war  was  attributed  by  those  who 
investigated  the  matter  to  cumulative 
fatigue  consequent  on  long  hours  of 
strain  and  labor,  overtime,  night  work 
and  Sunday  work,  the  rest  period  being 
decidedly  inadequate  (1).  Greater  out- 
put was  effected  when  these  defects  were 
remedied. 

One  of  the  most  important  facts  es- 
tablished by  fatigue  tests  is  that,  after 
fatigue  has  set  in,  physical  efficiency 
falls  off  enormously,  or,  in  other  words, 
the  physical  and  nervous  energy  ex- 
pended in  performing  a  certain  amount 
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of  work  is  enormously  increased.  This 
applies  both  to  local  and  general  fatigue. 
After  general  fatigue  is  well  advanced, 
work  of  any  kind  is  carried  on  at  a 
ruinous  expenditure  of  energy,  sapping 
the  sources  of  vital  energy  and  using  up 
reserve  forces. 

There  are  three  classes  of  fatigue 
with  which  we  have  to  deal :  ( 1 )  where 
a  group  of  muscles  is  rapidly  fatigued 
to  exhaustion  in  a  few  minutes;  (2) 
where  a  certain  degree  of  fatigue  is  pro- 
duced both  locally  in  the  muscles  and 
generally  in  the  body  after  several  hours 
of  work;  and  (3)  where  muscular  action 
is  such  that  the  rate  of  fatigue  produc- 
tion is  balanced  by  the  rate  of  recovery, 
and  muscular  activity  could  be  contin- 
ued indefinitely  but  for  the  ultimate 
production  of  general  fatigue.  The  first 
class  is  very  rarely  met  with  in  indus- 
trial conditions,  but  occurs,  of  course, 
in  ergograph  tests.  General  industrial 
conditions  usually  fall  into  classes  (2) 
and  (.3),  and  the  problem  is  to  arrange 
hours  and  conditions  of  labor  so  as  to 
get  the  best  efficiency  from  the  worker 
— that  is,  to  get  the  greatest  output  with 
the  minimum  of  fatigue. 

There  are  many  contributory  factors 
in  fatigue,  some  of  which  play  a  ver\- 
important  part.  Special  mention  should 
be  made  of  the  influence  of  excessive 
heat, which  accelerates  considerablyboth 
local  and  general  fatigue.  If  the  arm  is 
immersed  in  water  of  a  temperature 
several  degrees  above  that  of  the  body, 
fatigue  of  the  muscles  is  more  quickly 
produced  than  in  normal  conditions. 
This  is  due,  for  the  most  part,  to  the 
diversion  of  the  blood  stream  to  the 
cutaneous  vessels,  the  muscles  being  left 
with  insufficient  means  of  nourishment 
and  of  being  cleansed  from  waste  prod- 
ucts. It  may  also  be  due  to  the  direct 
effect  of  heat  on  the  chemical  processes. 
A  similar  effect  is  produced  by  heat  on 


the  body  generally — a  subject  which 
will  be  dealt  with  more  fully  when  the 
physiological  effects  of  excessive  heat 
are  considered.  Other  contributory  fac- 
tors in  fatigue  are:  mental  influences, 
such  as  fear  and  worr>' — which  seem  to 
have  a  decidedly  prejudicial  effect  on 
the  elimination  of  toxins — also  lack  of 
interest  and  pleasure  in  one's  work; 
presence  of  bacterial  and  other  toxins 
due  to  errors  in  diet,  constipation,  dis- 
ease, etc. ;  deficiency  of  essential  food 
elements,  such  as,  for  instance,  the  or- 
ganic salts  and  vitamines.  In  short, 
anything  which  impairs  the  general 
health  will  make  the  production  of 
fatigue  more  easy. 

\Ye  have  not  dealt  with  the  problem 
of  "nervous  fatigue"  as  this  does  not 
arise  to  any  great  extent  in  connection 
with  native  labor  on  the  mines;  but 
though  the  processes  are,  no  doubt,  dif- 
ferent from  those  of  physical  fatigue, 
the  same  general  laws  apply  to  a  great 
extent. 

Some  interesting  experiments  were 
conducted  during  the  war  on  the  effects 
of  small  quantities  of  alcohol  on  fatigue 
and  output  of  munition  workers.  The 
conclusions  arrived  at  indicated  that 
the  output  was  not  appreciably  affected 
either  way  (2.) 

Output  of  Work 

In  producing  a  given  amount  of 
fatigue  a  number  of  factors  may  be 
invoh^ed,  which  will  have  varying  effects 
upon  the  output  of  work.  Or,  con- 
\-erseIy,  for  a  gi\-en  amount  of  work 
done,  these  factors  will  influence  the  de- 
gree of  fatigue  produced.  Proper  tech- 
nic  or  elimination  of  waste  motion  may 
raise  physical  efficiency  enormously. 
This  is  very  marked  in  such  work  as 
that  of  using  a  hammer  and  jumper  in 
drilling  holes  in  the  rock. 
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The  medical  officer  of  one  of  the  large 
National  Shell  Filling  Factories  in  Eng- 
land told  one  of  us  (H.  J.  I.)  that  he 
observed  that  in  the  process  of  "hand- 
stemming"  shells  with  amatol — an  op- 
eration performed  with  a  wooden  stem- 
mer  or  ram  and  mallet — men  who  had 
been  accustomed  to  the  use  of  a  mallet 
and  chisel,  such  as  stonemasons,  got 
through  much  more  work  with  less  fa- 
tigue than  others  without  previous 
training. 

Proper  and  comfortable  position  of 
the  body  is  another  factor  in  output,  as 
the  body  in  an  awkward  position  is  kept 
constantly  at  work  contracting  unneces- 
sary muscles,  thus  producing  more 
fatigue  and  also  spoiling  the  exactitude 
and  effectiveness  of  the  working  move- 
ments. 

A  very  important  factor  in  perform- 
ing work  is  what  may  be  called  "opti- 
mum effort  and  speed."  To  illustrate 
this,  let  us  consider  the  performance  of 
1,000  foot-pounds  of  work  per  minute 
(1)  by  raising  200  pounds  a  distance  of 
6  inches,  10  times  per  minute,  or  (2) 
20  pounds  2  feet,  25  times  per  minute, 
or  (3)  2  pounds  2>4  feet,  200  times  per 
minute.  Though  the  rate  of  doing 
work  is  the  same  in  each  case,  methods 
(1)  and  (3)  will  tire  a  man  much  more 
quickly  than  method  (2)  —  (1)  by  ex- 
cessive effort,  (3)  by  excessive  speed. 
Between  these  extremes  there  will  be 
an  "optimum  effort  and  speed"  some- 
where about  that  given  in  (2).  This 
factor  is  taken  into  account  in  the  de- 
sign and  use  of  one  of  the  ergometers. 
Another  everyday  illustration  of  this 
principle  is  the  gain  of  human  efficiency 
in  the  use  of  variable  speed  gear  over 
single  gear  in  a  bicycle. 

Physiological  Aspects  of  Ven- 
tilation 

As  mentioned  in  the  introduction,  it 


is  only  within  recent  years  that  physi- 
ologists have  given  to  us  definite  infor- 
mation regarding  the  factors  in  healthy 
atmospheric  conditions.  Dr.  J.  S.  Hal- 
dane,  of  Oxford,  has  done  an  immense 
amount  of  brilliant  pioneer  work  in 
connection  with  the  physiology  of  res- 
piration. His  investigations  into  at- 
mospheric conditions  in  mines  and  else- 
where, his  careful  recording  and  classi- 
fication of  the  physiological  phenomena 
connected  therewith,  the  results  of  his 
painstaking  investigations  of  the  effects 
of  such  poisons  as  carbon  monoxide  and 
by-products  of  explosives,  and  of  the 
effects  of  various  kinds  of  dust,  the  at- 
tention which  he  has  called  to  the  im- 
portance of  humidity  and  wet-bulb 
temperatures,  etc.,  have  given  informa- 
tion of  inestimable  value  to  the  mining 
industry. 

Dr.  Leonard  Hill,  F.R.S.,  has  ap- 
proached the  subject  of  atmospheric 
conditions  from  a  somewhat  different 
standpoint.  He  has  given  more  atten- 
tion to  the  physical,  as  well  as  the  physi- 
ological, aspects  of  the  atmospheric  con- 
ditions met  with  in  everyday  life,  to 
the  probing  to  the  root  such  causal  fac- 
tors as  those  which  make  air  "bracing" 
or  otherwise,  to  the  establishing  of  defi- 
nite quantitative  values  to  these  factors, 
to  the  setting  on  foot  a  propaganda  con- 
troverting misconceptions  and  wrong 
standards  held  by  ventilating  engineers, 
and  to  the  inventing  and  designing  of 
an  instrument — the  kata-thermometer 
— to  enable  ventilating  engineers  to  de- 
termine atmospheric  conditions  with 
ease  and  with  a  fair  degree  of  exactitude. 

The  term  "fresh  air"  has  long  been 
associated  with  chemical  purity,  suffi- 
ciency of  oxygen,  and  freedom  from 
respired  products,  such  as  excess  of  car- 
bon dioxide,  and  supposed  organic 
toxins.  Ventilation  rules  and  govern- 
ment   regulations    are    still    commonly 
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based  on  this  conception  or,  rather,  mis- 
conception. For  example,  the  carbon 
dioxide  content  of  outside  air  varies  be- 
tween, let  us  say,  3.5  and  4.5  parts  in 
10,000,  and  some  ventilation  rules  state 
that  the  supply  of  fresh  air  to  a  building 
should  be  such  as  to  keep  the  carbon 
dioxide  content  of  the  inside  air  not 
more  than  5  parts  in  10,000  in  excess  of 
that  of  outside  air;  the  government 
regulation,  that  the  carbon  dioxide  con- 
tent of  air  in  the  gold  mines  must  not 
exceed  0.2  per  cent.,  seems  to  be  based 
on  the  idea  that  carbon  dioxide  exceed- 
ing this  amount  is  either  a  poison  in 
itself  or  an  indication  of  the  presence  of 
other  poisons.  Dr.  Hill  has  shown  that 
these  conceptions  of  "freshness"  are 
quite  fallacious.  With  his  collaborators. 
Dr.  Martin  Flack  and  the  late  O.  W. 
Griffith,  he  has  collected,  confirmed  by 
experiment,  and  synthesized  many  of 
the  results  of  previous  research;  more- 
over, he  has  extended  these  researches 
considerably  along  lines  of  his  own,  par- 
ticularly with  regard  to  the  effect  of 
open  air,  exercise  and  rest  on  the  res- 
piratory metabolism. 

In  one  class  of  his  experiments  Dr. 
Hill  had  seven  or  eight  students  shut  in 
an  air-tight  chamber  of  about  3  cubic 
meters'  capacity,  which  was  pro\ided 
with  a  large  observation  window,  with 
electric  fans  for  putting  the  air  in  mo- 
tion, and  with  means  of  varying  the 
temperature  and  humidity  of  the  air. 
On  one  occasion  the  students  were  con- 
fined there  till  the  carbon  dioxide  con- 
tent had  reached  from  3  to  4  per  cent., 
and  the  oxygen  content  had  fallen  from 
the  normal  (about  20  per  cent.)  to  16 
or  17  per  cent.,  the  air  failing  to  support 
the  combustion  of  matches  which  the 
students  struck  in  vain  attempts  to 
light  cigarettes.  The  wet  bulb  had  risen 
to  about  83°  F.,  and  the  dry  bulb  was 
slightlv  higher.     The  discomfort  of  the 


students  was  considerable,  their  faces 
flushed,  their  pulse  rate  high,  and  their 
skin  and  clothes  moist  with  sweat.  The 
starting  of  the  jans  gave  immediate  re- 
lief and  lowered  the  average  pulse  rate 
from  97  to  79  per  minute,  though  no 
fresh  air  from  outside  was  admitted,  the 
fans  merely  setting  in  motion  the  air 
in  the  chamber.  When  the  fans  were 
stopped,  the  students  begged  to  have 
them  started  again.  Breathing  fresh  air 
fro7n  outside  through  tubes  gave  no  ap- 
preciable relief,  and  persons  outside 
breathing  the  vitiated  air  of  the  chamber 
experienced  no  discomfort.  The  sudden 
introduction,  from  a  bag,  of  carbon  di- 
oxide up  to  2  per  cent,  was  not  discerned 
by  the  inmates  of  the  chamber. 

In  another  class  of  experiments, 
guinea-pigs  were  confined  for  several 
weeks  in  a  box  through  which  the  ex- 
haled air  of  rats  was  passed.  They  were 
afterwards  inoculated  with  blood  serum 
from  the  rats  but  showed  no  signs  of 
anaphylactic  shock,  thus  demonstrating 
that  breathing  the  exhaled  air  of  rats 
had  not  sensitized  them  to  rat  serum. 
The  guinea-pigs,  which  were  again  inoc- 
ulated after  the  lapse  of  another  three 
weeks  or  so,  rolled  over  and  died,  show- 
ing that  the  first  inoculation  had  sensi- 
tized them.  Dr.  Hill  rightly  reasons 
from  this  that  there  cannot  be  any  tox- 
ins of  a  protein  nature  in  exhaled  air. 

After  the  introduction  of  the  kata- 
thermometer  to  measure  the  cooling 
power  of  the  air,  many  interesting  ex- 
periments were  carried  out  on  the  res- 
piratory metabolism,  or  the  interchange 
of  oxygen  and  carbon  dioxide,  in  atmos- 
pheres of  different  cooling  power,  and 
under  varying  conditions  of  rest  and 
exercise.  The  subjects  of  the  tests 
breathed  through  the  mouth  into  light 
bags  arranged  with  valves,  clips  being 
fastened  o^•er  the  nostrils  to  prevent 
nasal  breathing.     The  air  in  the  ba?s 
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was  afterwards  measured  by  a  gas- 
meter  and  analyzed  for  oxygen  and 
carbon  dioxide. 

The  results  of  Dr.  Hill's  researches 
may  be  summarized  as  follows  : 

1.  That  the  quality  of  "freshness"  of  air 
is  due  to  its  cooling  power  on  the  body,  and 
that,  on  the  contrary,  oppressiveness  of  ordi- 
nary atmospheres  is  due,  not  to  deficiency  of 
oxygen  or  excess  of  carbon  dioxide  and  or- 
ganic toxins,  but  to  "heat  stagnation." 

2.  Cooling  power  depends  on  temperature, 
humidity,  and  motion  of  the  air,  and  is  in- 
creased by  low  temperature,  low  humidity 
and  high  velocity  of  motion. 

3.  That  carbon  dioxide  content  up  to  1  per 
cent.,  or  even  higher,  produces  no  deleterious 
effects  or  stresses  on  the  human  system,  the 
only  effects  being  slightly  greater  ventila- 
tion of  the  lungs  such  as  would  take  place 
with  moderate  ijicrease  of  exercise. 

4.  That  there  is  no  evidence  of  the  ]ires- 
ence  of  organic  toxins  in  exhaled  air. 

5.  That  cooling  power  in  the  air — unless 
carried  to  extreme — has  a  beneficial  effect 
upon  health  generally.  It  promotes  the 
metabolism  of  the  system,  assists  elimination 
of  toxins  and  waste  products,  and  increases 
immunity  to  infectious  and  other  diseases. 

In  considering  the  effect  of  carbon 
dioxide,  it  is  pointed  out  that  the  alveo- 
lar air,  or  air  in  the  lung  sacs,  at  ordi- 
nary pressures  contains  from  5  to  6  per 
cent,  of  carbon  dioxide,  at  about  which 
value  it  is  kept  involuntarily  by  the 
nerves  controlling  respiration ;  when 
the  carbon  dioxide  tends  to  exceed  this 
value,  greater  ventilation  of  the  lungs  is 
induced. 

The  only  result  of  breathing  0.5  per 
cent,  of  carbon  dioxide  is  a  slight  and 
unnoticeable  increase  in  the  ventilation 
of  the  lungs.  Two  per  cent,  carbon  di- 
oxide increases  pulmonary  ventilation 
50  per  cent.;  3  per  cent.,  about  100  per 
cent.;  and  5  per  cent.,  about  300  per 
cent.  (3).  Normally  we  never  empty 
the  lungs,  and  the  residual  air  and  that 
in  the  respiratory  passages,  which  con- 
tains over  3  per  cent,  carbon  dioxide. 
Is  continuallv  rebreathed.     Workers  in 


breweries  and  aeratei-water  works, 
where  the  carbon  dioxide  content  may 
be  from  1.5  to  2.5  per  cent.,  suffer  no 
deleterious  effects.  In  submarines,  the 
crew  can  tolerate  carbon  dioxide  in  the 
atmosphere  up  to  3  per  cent. 

In  dealing  with  fatigue  it  was  men- 
tioned that  muscular  activity  was  ac- 
companied by  the  oxidation  of  glyco- 
gen ;  this  is  a  chemical  process  produc- 
ing heat,  a  process  continually  going  on 
to  a  greater  or  lesser  degree  while  life 
lasts.  This  heat  production  varies  with 
the  degree  of  muscular  activity,  and  is 
least  when  the  body  is  recumbent,  re- 
laxed and  asleep.  This  heat-producing 
activity  when  the  body  is  resting.  Dr. 
Hill  calls  the  "basal  or  minimal  meta- 
bolism," and,  as  will  be  seen  later,  its 
amount  is  an  important  factor  in  a 
man's  capability  to  perform  work  in  a 
hot  atmosphere.  Heat  production  is 
considerably  increased  when  external 
work  is  done.  The  basal  metabolism  of 
the  average  man  corresponds  to  a  heat 
loss  of  about  1  millicalorie  per  square 
centimeter  of  body  surface  per  second; 
work  mav  bring  it  up  to  3  millicalories 
(3). 

The  heat  generated  by  muscular 
activity  must  be  dissipated  in  some  way 
or  other,  otherwise  the  temperature  of 
the  body  will  rise  and  cause  serious  dis- 
turbances. The  heat  is  dissipated  from 
the  body  surface  by  (1)  radiation,  (2) 
convection,  (3)  evaporation.  The  cool- 
ing due  to  (1)  depends  on  the  tempera- 
ture of  surrounding  objects;  to  (2),  on 
the  temperature  and  motion  of  the  sur- 
rounding air;  and  to  (3),  on  the  vapor 
tension  and  movement  of  the  surround- 
ing air. 

The  body  has  a  very  sensitive  heat 
regulating  mechanism;  when  the  body 
temperature  tends  to  rise,  the  cutaneous 
blood  vessels  are  dilated  by  nervous 
action,  and  the  blood  is  therefore  di- 
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verted  to  these  vessels,  raising  the  skin 
temperature  and  increasing  heat  loss  by 
radiation  and  convection.  If  this  is  not 
sufficient  to  balance  heat  production, 
the  sweat  glands  are  actuated  and 
heat  loss  considerably  increased  by  the 
e\aporation  of  moisture — provided,  of 
course,  that  in  the  first  place  the  air 
temperature,  and  in  the  second  place 
the  wet-bulb  temperature,  is  lower  than 
that  of  the  body  surface.  The  body  will 
make  strenuous  efforts  to  prevent  a  rise 
in  its  temperature,  and  these  efforts  will 
be  ver>"  successful  if  it  be  physically 
possible. 

A  considerable  amount  of  heat  is  also 
lost  by  e\-aporation  from  the  respiratory 
tract,  the  amount  \-arying  with  the  vol- 
ume of  air  respired  and  the  dryness  of 
the  air.  Except  when  the  inhaled  air 
is  very  cold,  the  temperature  of  the  ex- 
haled air  will  be  approximately  35°  C. 
(95°  F.),  with  a  relative  humidity  near 
the  saturation  point.  The  amount  of 
moisture  evaporated  per  unit  \-olume 
will  be  the  difference  between  the  mois- 
ture contained  in  nearly  saturated  air 
at  35°  C.  and  the  actual  moisture  con- 
tent of  the  inhaled  air. 


T^BLEM— AMOUNT   OF   MOISTIRE   E\A1' 

ORATED   FROM   RESPIRATORY  TRACT 

FOR 'EVERY   inn   CTBIC   FEET  OF   AIR 

EXHALED.   WITH   VARIOIS   fOXDl 

TIOXS  OF   IXHALED   AIR 


Temper- 
ature 

Relative 
Humidity 

Water 
Evap- 
orated 

Remarks 

op           1            C/ 

8+       j        10 

lb.',. 
0  227 

Rand — dry  spring  dav 

io 

20 

0.236 

Rand — dry  winter  day 

60 

50 

0.204 

Rand — annual     average 
condition.s 

65 

90 

0   158 

Mine — good  place 

87 

95 

0  063 

Mine — l>ad  pKice 

Table  1  shows  the  evaporation  from 
the  respiratory  tract  for  every  100  cubic 


feet  of  air  exhaled,  with  various  condi- 
tions of  inhaled  air.  The  volume  of  air 
inhaled  b>'  a  man  when  working  is  about 
60  cubic  feet  per  hour,  and  when  rest- 
ing, about  20  cubic  feet. 

According  to  Leonard  Hill,  a  consid- 
erable evaporation  from  the  respiratory 
tract  produces  a  copious  flow  of  fluids 
from  the  lymphatic  glands  to  the  mu- 
cous membrane,  and  also  stimulates 
increased  blood  flow  to  make  up  the 
heat  loss,  both  of  which  processes  pro- 
mote immunity  from  bacterial  invasion. 
Whatever  the  process  is,  the  results  are 
undoubtedly  borne  out  by  practical  ex- 
perience; high  altitudes,  where  the  air 
is  dry  and  where  the  volume  inhaled  is 
increased  owing  to  its  lesser  density, 
have  a  beneficial  effect  in  preventing 
and  curing  respiratory  diseases. 

In  order  that  the  body  may  dispose 
of  its  heat  without  strain,  the  cooling 
power  of  the  surrounding  air  should  be 
adequate.  Dr.  Leonard  Hill  has  recom- 
mended the  following  cooling  powers 
for  persons  doing  different  classes  of 
work,  the  units  being  in  millicalories 
per  square  centimeter  per  second: 

1.  For  sedentary  workers.  6  by  dry 
"kata, "  18  by  wet. 

2.  For  light  manual  work,  8  and  25. 

3.  For  heavy  manual  work,  10  and  30. 

These  figures  are  based  principally  on 
dry  "kata"  cooling  powers  necessary-  to 
prevent  pronounced  sweating  and  feel- 
ing of  oppressiveness,  the  wet  "kata" 
cooling  powers  being  those  values  which 
would  generally  correspond  to  the  val- 
ues of  dry  cooling  power,  in  climates 
similar  to  that  of  England.  On  the 
Rand  the  wet  "kata"  values  will  be  con- 
siderably higher  on  the  surface,  and 
considerably  lower  in  the  mines  where 
the  humidity  is  high,  for  the  same  values 
of  dry  cooling  power.  The  figures,  more- 
over, apply  to  persons  wearing  ordinary 
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clothing.  Clothing  makes  a  considera- 
ble difference,  the  cooling  power  on  the 
body  with  ordinary  outdoor  spring 
clothing  being  about  50  to  60  per  cent, 
of  that  of  the  naked  body.  The  native 
stripped  to  the  waist  while  working  in 
hot  conditions  underground  gives  him- 
self a  great  advantage  over  the  clothed 
white  man. 

For  the  purpose  of  the  mines  the  wet 
kata-thermometer  may  be  taken  as  the 
best  standard  of  comfort,  as  it  includes 
all  the  factors  in  cooling  power  on  the 
body — temperature,  humidity,  and  mo- 
tion. Dr.  Haldane,  as  a  result  of  inves- 
tigations into  the  effects  of  hot  and  hu- 
mid atmospheres,  recommends  the  wet- 
bulb  temperature  as  the  standard  of 
comfort;  but  the  latter  does  not  take 
Into  account  the  important  factor  of 
motion  of  the  air,  and  is  a  just  standard 
for  still  air  onh^ 

In  Table  2  are  given  values  of  cooling 
power  by  wet  kata-thermometer,  with 

1    TABLEV2.— VALUES  OF  COOLIXG    POWER 
1    4IIBY1WET   AND    DRY   RATA  THER- 
n  PMOMETER.    WITH   CORRESPOXD- 
g   1    "i    I\G  'PHYSIOLOGICAL   EFFECTS 


Coo 

ing 

Po^ 

er 

Physiological  Effects  on  Man 
Stripped  to  Waist 

Wet 
"Kata" 

Dry 

"Kata" 

5 

1.5 

Extremely  oppressive;  profuse  sweat- 
ing; rise  of  body  temperature  and 
pulse  rate,  especially  when  work  is 
performed.  Very  small  evaporation 
from  respiratory  tract. 

10 

3  5 

Distinctly  oppressive;  body  tem- 
perature can  be  kept  nearly  normal 
only  by  profuse  sweating.  Skin 
flushed  and  wet.     Pulse  rate  high. 

15 

5.5 

Lower  limit  for  comfort. 

20 

8.0 

Quite  comfortable  for  work. 

25 

10  0 

Cool  and  refreshing  for  work;  too 
cold  for  resting,  especially  after  being 
heated 

the  corresponding  physiological  effects 
which  are  likely  to  be  produced.     The 


cooling  powers  of  dry  "kata"  are  the 
corresponding  \-alues  which  will  prob- 
ably occur  in  underground  conditions. 
(These  are  based  on  numerous  observa- 
tions in  the  mines  of  the  Witwaters- 
rand.)  When  the  dry  cooling  power 
exceeds  8  to  10,  sweating  ceases,  and  the 
dry  cooling  power  should  then  be  taken 
as  the  standard  of  cooling,  if  the  skin 
and  clothes  are  dry.  When  the  skin  is 
flushed  and  moist  and  the  clothes  are 
wet,  and  wet  cooling  powers  are  above 
25  units,  there  is  great  danger  of  pro- 
ducing chill  unless  hard  work  is  being 
done  and  thermogenesis  thereby  main- 
tained. 

The  effect  of  atmospheres  of  low  cool- 
ing power  on  the  human  system  is  to 
di\-ert  the  blood  circulation  from  its 
normal  course  through  the  brain  and 
the  viscera,  and  to  some  e.xtent  from  the 
muscles,  to  the  cutaneous  blood  vessels 
in  a  strenuous  attempt  to  get  rid  of  heat. 
The  blood  pressure  falls,  owing  to  the 
dilation  of  these  blood  vessels,  but  the 
pulse  rate  is  greatly  accelerated  and  the 
work  of  the  heart  thereby  increased.  If 
carried  to  extremes,  dizziness  is  caused, 
and  digestion  and  other  vital  processes 
are  temporarily  inhibited,  if  not  entirely 
suspended. 

The  diversion  of  the  blood  stream 
from  the  muscles  leaves  them  with  im- 
paired nourishment  and  reduced  means 
of  washing  away  waste  products,  and 
consequently  muscular  fatigue  is  greatly 
accelerated;  moreover,  the  feeling  of 
oppression,  the  increase  of  internal 
work,  and  the  lack  of  blood  flow  in  the 
eliminative  organs  greatly  conduce  to 
general  fatigue,  as  distinct  from  muscu- 
lar fatigue.  These  factors  explain  the 
common  complaints,  "no  appetite  for 
food,"  "no  energy,"  etc.,  from  men 
working  in  hot,  oppressive  atmospheres 
underground. 

R.    R.    Sayers    and    D.    Harrington, 
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Chief  Surgeon  and  a  Mining  Engineer, 
respectively,  of  the  U.  S.  Bureau  of 
Mines,  carried  out  some  investigations 
into  the  physiological  effects  of  high 
temperatures  and  humidities  in  metal 
mines  (4).  In  a  summary  of  their  con- 
clusions, they  state  that  in  still  air  with 
a  wet-bulb  temperature  over  90"  F.  and 
with  a  relative  humidity  of  89  per  cent., 
the  following  symptoms  were  found 
even  when  little  or  no  exercise  was 
taken : 

1.  Blood  pressure  fell  rapidly. 

2.  Body  temperature  rose  ;  and  in  one  case 
reached  102''  F.  after  less  than  two  hours 
in  the  hot,  humid  air. 

3.  Pulse  rate  increased  and  seemed  more 
sensitive  to  exercise  than  normally. 

4.  Perspiration  was  very  profuse. 

5.  Dizziness  was  a  common  symptom  and 
sometimes  was  mai'ked. 

6.  Physical  weakness  or  exhaustion  was 
marked  in  some  cases  and  was  present  in  all. 

7.  Inability  to  think  quickly  or  act  ac- 
curately was  a  very  common  symptom. 

8.  Nausea  was  occasionally  produced. 

9.  Headache  occurred  occasionally. 

10.  Loss  of  weight  was  especially  marked 
in  men  wlio  had  been  employed  under  the 
conditions  of  the  tests  over  a  jicriod  of  years, 
but  occurred  even  after  exposure  for  only  a 
few  days. 

After  being  overheated  in  an  atmos- 
phere with  a  wet  "kata"  cooling  power 
of,  let  us  say,  5  units,  the  body  surface 
remains  flushed  and  moist,  and  the  mu- 
cous membrane  of  the  nose  and  throat 
congested,  for  a  considerable  time;  the 
clothes  are  probably  saturated  with 
sweat  and  water  spray,  and  the  blood 
charged  with  waste  products — In  fact, 
the  whole  system  is  in  a  ver>^  susceptible 
state.  It  requires  no  stretch  of  imagi- 
nation to  realize  that  e.xposure  to  a  cold, 
dry  wind  in  winter  on  coming  up  to  the 
surface — when  the  wet  cooling  power 
may  easily  be  as  high  as  50  or  over — is 
putting  a  tax  on  the  defensive  mechan- 


ism of  the  body  which  is  liable  to  strain 
it  \-ery  severely,  if  not  to  the  breaking 
point. 

It  has  long  been  a  matter  of  contro- 
versy as  to  what  constitutes  "adequate 
ventilation"  in  mines.  We  can  now 
detinitely  answer  this  question:  Suffi- 
cient fresh  air— with  a  margin  of  safety 
— must  be  supplied  to  dilute"  dust-laden 
air  and  poisonous  gases,  such  as  carbon 
mono.xide,  to  a  harmless  degree,  the 
fresh  air  being  well  distributed  to  all  un- 
derground workings.  The  amount  of 
fresh  air  should  also  have  a  delinite  rela- 
tion to  the  amount  of  heat  required  to  be 
carried  off,  including  the  heat  conducted 
through  the  rock,  the  heat  generated  by 
explosives  and  by  oxidation  of  decaying 
timber,  and  the  heat  given  off  from  the 
workers,  from  lamps,  and  from  machin- 
ery, such  as  electric  haulage  engines, 
etc.,  most  of  which  are  quantities  which 
can  be  computed  with  reasonable  accu- 
racy. The  temperature  should  be  low- 
ered to  a  reasonable  degree  compatible 
with  the  quantity  of  air  introduced,  and 
the  mo\'ement  of  air  to  gi\'e  adequate 
cooling  power  then  obtained,  if  neces- 
sary, by  local  circulation. 

First  and  foremost,  it  must  be  borne 
in  mind  that  the  aim  must  always  be 
to  obtain  cooling  power,  provided  poi- 
sonous gases  have  been  reduced  to  a 
harmless  amount.  The  cooling  power 
should  be  ascertained  by  direct  readings 
of  the  kata-thermometer.  To  describe 
it  briefly,  the  kata-thermometer  is  an 
alcohol  thermometer  with  a  large  cylin- 
drical bulb  about  4  cm.  long  and  1.7  cm. 
in  diameter,  with  a  stem  about  20  cm. 
long  graduated  from  95°  to  100°  F. 
(See  Fig.  1.)  The  range  95"  to  100°  is 
more  or  less  arbitrarily  chosen  to  give  a 
mean  temperature  of  97.5°  F.  (or  36.5° 
C),  which  is  approximately  that  of  the 
clothed  body  surface.    A  small  reservoir 
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IS  provided  at  the  top  of  the  stem  to  give 
a  margin  of  overheating  without  burst- 
ing the  bulb,  to  give  time  to  place  the 
instrument  in  the  position  required,  and 
to  allow  the  rate  of  cooling  to  become 


1. — Kiita-tberinonieter. 


steady  before  the  meniscus   has   fallen 
to  100°. 

In  taking  a  reading  of  cooling  power 
on  dry  surface  the  bulb  is  used  bare, 
and  is  heated  in  hot  water  (at  about 
80°  C.)  until  the  alcohol  rises  into  the 


top  reservoir  and  all  air  bubbles  have 
been  driven  to  the  top  of  the  meniscus. 
A  thermos  flask  is  very  convenient  for 
holding  the  water  and  keeping  it  hot 
during  a  short  series  of  readings.  The 
bulb  and  stem"  are  then  dried  and  the 
instrument  suspended  in  the  position 
required.  The  time  in  seconds  for  the 
meniscus  to  fall  from  100°  to  95°  is 
taken,  preferably  by  a  stop  watch. 
Each  instrument  is  carefully  calibrated 
and  marked  on  the  back  of  the  stem 
with  a  factor,  or  coefficient,  such  that 
the  factor  divided  by  the  time  of  cooling 
in  seconds  gives  the  cooling  power  in 
millicalories  (1/1000  gram  calories) 
per  square  centimeter  of  cooling  surface 
per  second.  In  other  words,  the  factor 
is  the  time  of  cooling  in  seconds  neces- 
sary to  give  a  cooling  power  of  1  milli- 
calorie  per  square  centimeter  per  sec- 
ond. In  all  instances  when  figures  of 
cooling  power  are  given  it  should  be  un- 
derstood that  they  refer  to  millicalories 
per  square  centimeter  per  second. 

The  wet  cooling  power  is  taken  in  a 
similar  manner  to  the  dry.  The  thin 
lisle  thread  finger  stall  supplied  with  the 
instrument  is  drawn  over  the  bulb 
which  is  heated  in  hot  water.  The  sur- 
plus water  is  then  shaken  off",  the  in- 
strument exposed  in  the  required  posi- 
tion, and  the  time  of  cooling  taken. 
\\'here  the  cooling  power  varies  owing, 
for  example,  to  fluctuating  draughts, 
several  readings  of  each  kind,  perhaps 
five,  should  be  made  and  the  averages 
taken  as  the  true  values. 

To  determine  the  laws  governing  the 
relations  between  cooling  power  and  the 
separate  factors  of  temperature,  humid- 
ity, velocity  and  density  of  air,  a  series 
of  experiments  were  carried  out  by  Hill 
and  his  collaborators,  in  which  wet  and 
dry  "kata"  readings  were  taken  with 
variation  of  these  factors.  The  follow- 
ing relations  were  established: 
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Let  Hd  =  cooling  power  by  dry    "kata." 
Hw  =  cooling  power  by  wet  ''kata." 
t  =  temperature    of    air    in    degrees 
centigrade. 

4>  =  excess    of     "kata"     temperature 
over  temperature  of  air  =  36.5°—  t. 

V  =  velocity    of    air    movement     in 
meters  per  second. 

F  =  vapor  tension   in   millimeters   of 
mercury  at  36.5°  C.  =  45.6  mm. 

f  =  vapor  tension  of  the  air. 

Dry  "Kata"  Formulae: 

In  still  air,  Hd  =  0.27  </.  (1) 

In  wind    with    velocity   less   than    1    meter 

per  second,  

Hd  =  (0.2  +  0.4VV)<^  (2) 

In    wind    with    velocitj^    greater    than     1 

meter  per  second, 

Hd  =  (0.13  +  0A7VV)(i>  (2a) 

Wet  "Kata"  Fvrmulae: 

In  still  air,  Hw  =  Hd  +  0.085  (F— f)  V'     (3) 
In  wind    with    velocity    less    than    1    meter 

per  second, 

Hw  =  Hd  +  (0.06  +  0.073\/v)  (F— f)V=    (4) 
In    wind    with     velocity    greater    than     1 

meter  per  second, 

Hw  =  Hd  +  (0.035  +  0.098  </V)  (F— f)   */'  (4a) 

Formulae  (2)  and  (4)  do  not  hold  good 
with  velocities  less  than  0.04  meters  per  sec- 
ond, as  this  gives  practically  the  same  cool- 
ing  as  .still   air. 

Considering  equation  (1),  the  cool- 
ing power  is  produced  partly  bv  radia- 
tion, and  partly  by  convection  currents 
set  up  by  the  hot  bulb  of  the  "kata," 
and  at  ordinary  temperatures  and  pres- 
sures approximately  half  the  heat  is  lost 
by  radiation,  and  half  by  convection. 
The  heat  lost  by  convection  will  vary  as 
the  square  root  of  the  density  of  the  air, 
that  is,  as  the  barometric  pressure, 
while  the  heat  lost  by  radiation  will  be 
independent  of  barometric  pressure. 


lev( 


If  Hi  =  cooling  power  at  pressure  po  height  hj 
Ho  =  cooling  powoi'  at  pres.sure  po  and  sea 


Tiien  11,  =  Ho/2  +  H„/2Vp,/po 
orH,=Ih('-+^J 


That  is,  the  percentage  change  in  cool- 
ing power  is  approximately  one-fourth 
of  the  percentage  change  in  pressure. 
This  formula,  which  is  the  one  given  by 
Dr.  Hill,  obviously  applies  only  to  still 
air  cooling.  We  suggest  the  following 
as  a  general  formula  to  include  wind 
conditions,  for  pressures  different  from 
that  at  sea  level : 


H  =1  0.13  +  0.07 


to  replace  (2) 

and  H  =  |  0.13  +  0.4 


4>m 


(6a) 


to  rephxce  (2a) 

At  the  altitude  of  the  Rand  these  become 
H  =  (0.19 +  0.36  VV)^,/,  (7) 

and  H  =  (0.13  +  0.43 VV)  <t>  (7a) 

At  the  a\-erage  working  depths  of  the 
mines  the  change  is  negligible. 

As  H  is  proportional  to  *,  the  dry 
cooling  power,  say  (H2)  of  a  hot  surface 
at  a  temperature  (tj)  other  than  36.5^  C, 
can  be  derived  from  cooling  power  Hi 
at  36.5°  C.  by  the  equation 


H,  =  H,  (0,/<^i) 


(8) 


(5) 


where  '!>  difference  between  36.5'  and 
air  temperature  and  /*l>  is  difference 
between  /t2  and  air  temperature.  This 
formula  is  useful  for  taking  out  values 
of  cooling  power  at  skin  temperatures 
which  are  usually  lower  than  36.5°. 

To  find  the  wet  cooling  power  at  a 
temperature  (/t:)  other  than  36.5°  C, 
after  substituting  in  equations  (3)  or 
(4)  the  new  value  of  Hd,  substitute  for 
F  the  vapor  pressure  at  temperature 
/t... 

The  equations  given  by  Dr.  Hill, 
which  include  (1)  to  (4),  also  (5)  and 
(8),  hav^e  all  been  tested  and  proved  ex- 
perimentally. These  formulae  can  be 
used  to  calculate  values  of  wet  and  dry 
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cooling  power,  when  the  temperature, 
vapor  pressure,  and  velocity  of  the  air 
are  known,  and,  in  the  case  of  the  out- 
side air,  from  meteorological  records. 
They  can  also  be  used  to  analyze  kata- 
thermometer  readings  and  to  determine 
what  part  each  factor  is  playing.  This 
is  particularly  useful  when  one  is  setting 
out  to  alter  conditions. 

An  examination  of  equations  (2)  and 
(4)  shows  how  the  cooling  powers  both 
by  wet  and  dry  "kata"  are  considerably 


increased  by  wind  or  air  motion.  The 
effect  on  the  dry  cooling  power  will  per- 
haps be  more  clearly  shown  by  the 
curves  in  Figure  2  giving  the  relation 
between  values  of  H/*  and  air  velocity. 
For  example,  assuming  that  the  air  tem- 
perature is  25.5°  C.  (78°  F.),  then  *= 
36.5 — 25.5=11;  an  increase  of  velocity 
from  zero  to  1  meter  per  second  (197 
feet  per  minute)  will  increase  the  value 
of  H/*  from  0.27  to  0.6,  or  the  value  of 
H  from  3  to  6.6,  that  is,  from  distinctly 
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Fio.  2. — Curves  showing  relation  between  values  of  U/^  and  air  velocity. 
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oppressive  to  refreshing  conditions.  To 
get  the  same  increase  of  cooling  power 
in  still  air  the  temperature  would  have 
to  be  lowered  to  12.1°  C.  (54°  F.).  It  is 
quite  evident  which  is  the  easier  method 
of  obtaining  the  result.  As  a  matter  of 
fact,  it  is  difficult  to  overstate  the  im- 
portance of  air  movement  in  obtaining 
good  conditions. 

Mr.  D.  Harrington,  Mining  Engineer 
of  the  U.  S.  Bureau  of  Mines,  although 
he  does  not  seem  to  have  had  the  ad- 
vantage of  using  the  kata-thermometer, 
has  by  long  experience  and  careful  ob- 
servation come  to  have  a  strong  appre- 


ciation of  the  value  of  air  movement.  In 
a  recent  article  (5)  he  states: 

In  the  ordinary  metal  mine,  the  velocity 
of  air  at  working  faces  is  much  more  impor- 
tant than  humidity,  temperature,  and  con- 
tent of  gases,  except  when  the  two  latter  go 
to  extremes.  For  example,  men  liave  climbed 
100  feet  out  of  a  stope  with  pure  still  air  at 
79°  F.  and  86  per  cent,  relative  humidity 
to  "cool  off"  in  a  level  where  the  air  was 
3°  hotter  and  5  per  cent,  more  humid  than 
in  the  stope,  biit  was  moving  about  150  feet 
per  minute. 

The  cooling  powers  of  the  stope  and 
level,  calculated  by  Dr.  Hill's  formulae, 
are  2.81  and  4.84,  respectively. 

At  the  same  time,  it  is  a  considerable 
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advantage  to  have  the  air  cooled  down 
to  25°  C.  (77°  F.)  or  lower,  as  this  neces- 
sitates very  much  less  air  movement 
than,  let  us  say,  a  temperature  of  30°  C. 
(86°  F.) .  This  can  be  done  by  taking  in 
a  larger  amount  of  outside  air  to  the 
mine.  In  Figure  3  curves  are  given 
showing  the  relation  between  tempera- 
ture and  wind  velocity  to  give  cooling 
powers  of  6,  8  and  10  by  dry  "kata,"  the 
values  given  by  Dr.  Hill  for  sedentary 
work,  light  manual  work,  and  heavy 
work,  respectively.  It  will  be  observed 
how  rapidly  the  required  velocity  rises 
as  the  temperature  approaches  25°  C. 
{11°  F.)  for  cooling  power  10,  and  30° 
C.  (86°  F.)  for  cooling  power  6.  This 
illustrates  the  advantage  of  cooling  the 
air  down  to,  let  us  say,  25°  C.  at  least, 
after  which  adequate  cooling  power  can 
be  obtained  economically  by  local  cir- 
culation. 

It  should  be  noted  that  air  movement, 
so  far  as  it  affects  cooling  power,  is  not 
limited  to  unidirectional  current  but  in- 
cludes every  eddy  or  swirl  which  helps 
to  remove  the  warm,  humid  air  from  the 
clothes  and  skin.  Thus  air,  the  velocity 
of  which  cannot  be  determined  by  the 
anemometer,  may  have  considerable 
cooling  power  due  to  eddy  motion ;  con- 
sequently, direct  readings  of  cooling 
power  by  the  kata-thermometer  are  pref- 
erable to  calculated  values.  From  equa- 
tions (2)  and  (2a),  if  the  temperature 
and  cooling  power  are  known,  we  can 
calculate  the  velocity  (or  equivalent 
velocity)  of  the  air.  If  the  stream  lines 
of  the  air  are  fairly  regular,  as  in  air 
flowing  through  long  parallel  passages, 
the  kata-thermometer  can  be  used  as  an 
anemometer  in  conjunction  with  an  or- 
dinary thermometer,  the  velocity  being 
calculated  in  meters  per  second  from 
equation  (2),  or  taken  from  curves  simi- 
lar to  those  shown  in  Figure  2. 


As  the  kata-thermometer  measures 
only  its  own  rate  of  cooling,  its  readings 
have  either  to  be  translated  into  ap- 
proximate physiological  effects,  as  given 
previously  in  Table  2,  or  their  relation 
given  to  the  actual  cooling  of  the  human 
body;  for  all  practical  purposes  the 
former  method  is  good  enough,  though 
the  latter  is  interesting  and  useful  for 
research  purposes  and  for  estimating 
from  the  metabolism  how  much  heat  is 
generated  in  the  body.  From  observa- 
tions carried  out  on  various  subjects 
Dr.  Hill  estimates  that  the  heat  dissi- 
pated from  unit  surface  of  the  body  of  a 
person  ordinarily  clothed,  in  cool  out- 
side conditions  when  no  decided  sweat- 
ing occurs,  is  from  one-sixth  to  one- 
seventh  of  the  dry  "kata"  reading  cor- 
rected to  the  skin  temperature  of  the 
cheek.  The  conditions  will,  of  course, 
change  immediately  upon  the  occur- 
rence of  sweating.  It  does  not  neces- 
sarily follow  that  two  different  sets  of 
conditions  (temperature,  humidity  and 
motion)  which  give  identical  readings 
on  the  "kata"  will  produce  identical  ef- 
fects on  the  body.  The  kata-thermom- 
eter readings,  moreover,  give  no  reliable 
indication  of  the  evaporation  from  the 
respiratory  tract,  this  being  dependent 
not  on  the  motion  of  the  air,  but  on  the 
amount  of  air  breathed  and  its  absolute 
moisture  content,  which  latter  can  be 
found  from  wet  and  dry  bulb  readings ; 
some  allowance  should,  therefore,  be 
made  for  this  factor  in  extremes  of  dry- 
ness and  humidity,  such  as  occur  on 
the  Rand,  on  the  surface  and  under- 
ground, respectively. 

There  is  a  body  of  opinion  that,  be- 
sides the  factors  of  temperature,  humid- 
ity and  motion,  there  may  be  other 
more  subtle  factors,  on  which  at  present 
we  have  not  sufficient  information.  For 
instance,  G.   Stroede    (6),  working  on 
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the  catalysts  assisting  the  transference 
of  oxygen,  finds  a  good  deal  of  evidence 
that  such  catalysts  are  to  some  extent 
inhibited  by  exhaled  air.  The  stuffi- 
ness of  air  caused  by  its  passing  over 
steam  radiators,  though  the  final  tem- 
perature of  air  inhaled  may  be  suffi- 
ciently low  and  the  cooling  power  satis- 
factory, is  another  matter  which  re- 
quires elucidation.  There  is  also  the 
question  of  air  passing  over  decaying 
organic  matter,  such  as  rotten  timber, 
when  considerable  oxidation  goes  on 
and  the  air  feels  stuffy.  Whether  the 
stuffiness  in  the  latter  case  is  detrimen- 
tal to  health,  or  whether,  like  some  bad 
smells,  such  as  those  produced  in  soap 
works  and  glue  works,  it  is  objection- 
able but  innocuous,  we  cannot  at  this 
stage  say  definitely. 


Ozone  in  \ery  small  dilutions  (let  us 
say,  1  or  2  parts  in  100,000,000)  seems 
to  have  a  salutary  effect  in  warding  off 
bacterial  infection,  not  so  much  by  its 
direct  germicidal  action,  but  by  its 
stimulating  or  irritating  effects  on  the 
mucous  membrane,  producing  in- 
creased flow  of  blood  and  secretion  of 
mucus.  It  is  stated  that,  during  the 
influenza  epidemic  of  1918  in  London, 
the  employees  of  the  Underground  Rail- 
ways who  worked  in  places  where  the 
air  was  supplied  with  ozone  had  an  ab- 
sentee percentage  of  3  due  to  influenza, 
while  those  whose  working  places  had 
no  ozone  had  10  per  cent,  absent  (7). 
It  would  be  interesting  to  find  how  far 
ozone  would  help  in  the  mines  to  pro- 
mote immunity  from  bacterial  invasion 
of  the  respiratory  tract. 


( To   hr  continued) 
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ANNUAL    MEETING   OF    THE    NATIONAL  CONFERENCE  OF  SOCIAL  WORK 


The  forty-ninth  annual  meeting  of  the  Na- 
tional Conference  of  Social  Work  will  be 
held  in  Providence,  Rhode  Island,  June 
22-29.  In  addition  to  the  General  Session 
meetings  the  Division  on  Health  and  the  Di- 
vision on  Industrial  and  Economic  Problems 
have  arranged  the  following  interesting 
programs : 


Divisio.N  III  :  Heiai.th. 

-The   Plan  for  Federal   Re- 


Scction  Meeting  I.- 
organization. 

Kcctinn      .^fcctiiiff      II. 

Section   Mcctinp    111- 
Demonstrations. 

Section  Mtctinn  1\  . — The  Art  of  Living. 

Section  Meeting  V. — Social  Hygiene  and  Vene- 
rc;il    1  )iseasi'   Control. 


—    Industrial     Hygiene. 
-Health  Experiments  and 


NOTICES 
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Division   V  :   Indistrial  and  Economic  1'roblems. 


i-cttiun    Mating    /!'. — Kniployees'    I'articipation 
in   Managemeut. 

Section  Meeting  V. — Stabilizing  Industry. 


ticctioH  Meeting  I. — Social  Standards  for  Indus- 
try. 

iieetion  Meeting  II. — The  Effect  of  Recent  Court 
Decisions  on  Labor  and  Industry.  The  hotel  headquarters  for  the  Conference 

Section  Meeting   ///.—Human   Relations   in   the       will  be  in  the  Hotel  Biltmore. 
Coal   Industry. 


THE    SEVENTH    ANNUAL    MEETING    OF    THE    AMERICAN    ASSOCIATION     OF 
INDUSTRIAL    PHYSICIANS    AND    SURGEONS 

Washington  T'niversity  Medical  School,   St.  Louis,  Mo..  May  22  and  23.  1922. 


PROGRAM. 


Monday,  May  22. 
9:30    A.    M.    at    Washington    Vnivcrsity    Medical 

School. 
Business  Meeting. 
12:30  P.  M.  at  Hotel  Statlcr. 
Luncheon. 

1.  Comments. 

Chairm<in.  J.  S.  Newell,  Superintendent,  National 
Lead  Co.,   Granite  City,  111. 

2.  The  I'iivsician  in  Industry  Defined. 
C.  E.  Ford.  M.D.,  New  York  City. 

3.  SciENTrFic  Medicine  and  Surgery. 

Clcorgc  If.  Grilc.  M.D.,  Professor  of  Surgery,  Wes- 
tern Reserve  Medical  School,  Cleveland,  Ohio. 

4.  The  A^alue  of  the   Public  Health. 

Allen  J.  McLaughlin.  M.D.,  President,  .\meriean 
Public  Health  Association.  Washington.  D.  C. 

5.  Human  Conservation  in  Industry  by  Medical 
Supervision. 

L.   G.   Harney.   M.D.,  East   St.   Louis,  III. 
2:30    P.    M.    at    Washington    University    Medical 
School. 

1.  The  Workingman's  Diet. 

John  /?.  Murlln.  M.D.,  Professor  of  Physiology 
and  Director,  Department  of  Vital  Economics, 
I'niversity    of   Rochester,    Rochester,    N.    Y. 

2.  Sickness   Records  in  Pre\ention  Work. 
I'Ulimr  Si/dcnslricker.  V.  S.  Public  Health  Service, 

Washington,   D.   C. 

3.  Mercantile   Hygiene. 

Arthur  B.  Emmons,  2d.  M.D..  Director,  Harvard 
Mercantile  Health  Work,   Boston,   Mass. 

Discussion  by  Harold  W.  Stevens,  M.D.,  Jordan 
Marsh    Co..    Boston,    Mass. 

4.  Occupational  Diseases  and  the  Physician  in 
Industry. 

A.  G.  Cranch.  M.D..  National  Carl>on  Co..  Cleve- 
land, Ohio. 

7t.    STtT)IES   OF   T'nDERNOURISHMENT    IN    INDUSTRY'. 

William   Hall  Bunn.  M.D..  Youngstown.  Ohio. 

Discussion  by  /?.  W.  Elliott.  M.n..  National  Lamp 
Works.   Cleveland.   Ohio. 

fi.  Importance  of  Periodic  Physical  Examina- 
tions, with  Reports  on  3.000  Examinations. 

WilU/i^i  R.  Fisl:  M.D..  Chief  Surgeon.  Interna- 
tional  Harvester   Co..   Chicago.   111. 

Discussion  by  /?.  S.  Qiiinhy,  M.D..  Hood  Rubber 
Co.,  Watertown.   Mass. 

Tuesday.  May  23. 
9:30    A.    M.    at    Washington    Vnivcrsity    Medical 

School. 
1.     The  Practical  Application  of  the  AcTmTiES 

OP  THE  Public  Health  Service  to  the  Problems 


Affecting  Industry  and  Industrial  Physicians. 
/..    R.    Thompson.  M.D..   Surgeon  in   Charge,  Divi- 
sion   Industrial   Hygiene,    U.    S.    Public   Health 
Service,    Washington,   I).   C. 

2.  Surgical  Reconstruction    (illustrated). 

If.  Tunstall  Taylor.  M.D.,  Professor  of  Orthope- 
dics, Johns  Hopkins  Medical  School,  Baltimore, 
Md. 

3.  The-  Heart  in   Industbt. 

Paul  D.  Whitei  M.D.,  Chief  of  the  Medical  Out- 
Patlent  Departments  and  in  Charge  of  the 
Cardiac  Clinic,  Massachusetts  General  Hospital, 
Boston,  Mass. 

Discussion  by  Arthur  E.  Strauss,  M.D.,  St.  Louis, 
Mo. 

4.  The  Relation  of  Inguinal  Hernia  to  the 
WoRKifEN's   Compensation. 

J.    M.    Wainicright,    M.D.,    Chief    Surgeon,    Glen 

Alden   Coal   Co..   Scranton,  Pa. 
Discussion  by  Loyal  A.  Shoudy,  M.D.,  Bethlehem 

Steel  Co.,  Bethiehem,  Pa. 

5.  Unusual  Fractions  and  Dislocations  with 
End  Resuxts    (illustrated). 

C.  W.  Hopl-ins.  M.D..  Chief  Surgeon,  Chicago  & 
Northwestern  Ry..  Chicago.  111. 

Discussion  by"  George  D.  Cale,  M.D..  St.  Luke's 
Hospital,   St.   Louis,   Mo. 

6.  Atmosphere.  Efficiency  and  Civiliz.\tion. 
Ellsirorth   Huntington.    Department   of   Geological 

Sciences.  Yale  I'niversity,  New  Haven.  Conn. 

7.  What  Shoitt.d  the  Industrial  Physician 
Know   about   >fERvous   and   Mental   Diseases? 

Franl-irood  E.  Williams.  M.D..  National  Committee 

for  Mental  Hygiene,  New  York. 
(Cafeteria  lunch  served  in  the  restaurant  of  the 

Medical   School.) 

2:00   P.  M. 

1.  Eij;ction    of   Officers. 

2.  The  Relation  of  Syphilis  and  Gonorrhea  to 
Industry. 

William  F.   Snow.  M.D.,  General  Director,  Amer- 
ican Social  Hygiene  Association,  New  York. 
Discussion  by  A.  N.   Thomson,  M.D..  New  York. 

3.  Industrial  Groupings  and  Tuiberculosis. 
William,  Charles  White.  M.D.,  Director,  Tubercu- 
losis  League,    Pittsburgh.    Pa. 

4.  The  Industrial  Ph.4.se  of  the  Tubekctjlosis 

PROBLFtM. 

Frank  A.  Craig.  M.n.,  Physician  in  Charge  of 
Industrial  Work,  Henry  Phipps  Institute,  Phila- 
delphia, Pa. 

5.  Indu.striai.  Resui.ts  OF  Granite  Dust  Inhala- 
tion. 

D.  C.  .Jarris.   M.D..   Barre,  Vt. 
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ANNOUNCEMENT   OF   SUMMER   COURSE  IN    REHABILITATION 

BY 

Graduate  School  op  Education,  Harvard  Uxivt^rsity;  National  Tuberculosis  Asso- 
ciation ;  American  Occupational  Therapy  Association  ;  Industrial  Rehabilitation 
Division,  Federal  Bo.uid  for  Vocational  Education;    and    National    Committee    for 

Mental    Hygient;. 


We  take  pleasure  in  announcing  a  course 
in  the  Reliabilitation  and  Reeducation  of 
Handicapped  Persons,  during  the  summer 
session  of  Harvard  University,  July  10  to 
August  19,  1922,  under  the  direction  of  'M'\ 
W.  I.  Hamilton,  assisted  by  specialists. 

This  course  is  offered  as  a  broad  basal 
course  for  those  who  are  working  with  or  in- 
tend to  work  with  the  handicapped.  Among 
those  who  should  find  it  profitable  are  occu- 
pational aides  in  hospitals,  teachers  of  the 
handicapped,  "after-care"  nurses,  workers 
in  employment  bureaus  for  the  handicapped, 
agents  of  state  rehabilitation  services  and  of 
the  Veterans'  Bureau,  and  others  interested 
in  rehabilitation  as  a  part  of  a  constructive 
social  program. 

Mr.  Hamilton  is  Industrial  Research  Sec- 
retary of  the  National  Tuberculosis  Associa- 
tion. For  three  years  prior  to  joining  the 
staff  of  that  association,  he  was  in  charge  of 
the  training  of  disabled  soldiers  with  the  Fed- 
eral Board  for  Vocational  Education. 
July  12-21  Mr.  Hamilton's  lectures  will 
Aug.  14-17  cover  the  following  topics :  so- 
cial and  economic  foundations; 
growth  of  the  idea  of  rehabilitation ;  inter- 
relations of  phases  of  work  from  the  time  the 
disability  is  incurred  until  rehabilitation  is 
attained;  legal  aspects;  psychological  ap- 
proach in  occupational  therapy  and  pre- 
vocational  work;  determination  as  to  train- 
ing and  selection  of  job  objective;  the  "men- 
tal" ease  and  rehabilitation;  training  meth- 
ods: the  place  of  institutional  training,  "job" 
training  and  other  types  of  training  in  a  re- 
habilitation scheme;  special  problems  as  re- 
lated to  the  blind,  deaf  and  speech-defect 
cases,  the  nervous  and  mentally  disabled  ;  de- 
sirable future  developments. 

With  Mr.  Hamilton  will  be  associated : 
Mr.  John  A.  Kratz,  Chief,   Industrial   Reha 
July   24-28  bilitation  Division.  Fed- 

eral Board  for  Voca- 
tional Education. — five  lectures — the  mean- 
ing of  rehabilitation  as  defined  in  the  Federal 
Act  and  the  activities  for  which  it  provides; 
the  scope,  limitations  and  methods  of  na- 
tional and  state  rehabilitation  services;  co- 
operative relationships  between  rehabilita- 
tion  services  and  other  st.ite  agencies,  .such 


as  compensation  commissions  maintenance, 
co-operation  with  other  helpful  agencies  in 
the  several  states",  including  medical  associa- 
tions, industrial  phj'sicians,  hospital  staffs 
and  organized  social  and  relief  agencies. 
Dr.  H.  A.  Pattison,  Supervisor  of  Medical 
July  31-Aug.  4  Service.  National  Tuber- 
culosis Association,  — 
five  lectures — physical  reconstruction  and 
prosthetic  appliances ;  medical  aspects  of 
rehabilitation ;  scope ;  care  and  relationships, 
including  occupational  therapy,  treatment, 
"after-care"  and  emploj-ment,  with  special 
reference  to  the  tuberculous. 
Mr.  F.  G.  Elton,  District  Director.  New 
Aug.  7-11  York   State   Rehabilita- 

tion Service,  —  five  lec- 
tures and  discussions  on  case  methods  and 
procedure  in  rehabilitation. 
Dr.  F.  E.  Williams,  Associate  Medical  Direc- 
Aug.  14-15  tor.  The  Nation- 

al Committee  for 
Mental  Hygiene ; 
Editor,  MeniaJ  Hygiene — two  lectures — es- 
sential elements  in  conduct  disorder ;  mental 
handicaps  in  the  physically  disabled;  special 
problems  in  the  rehabilitation  of  the  mental- 
ly handicapped:  recognition  of  mental  han- 
dicaps: possibilities  in   relial)ilitation. 

Students  enrolling  in  the  course  will  have 
opportunity  to  study  actual  cases  of  rehabili- 
tation and  methods  of  rehabilitation  as  con- 
ducted in  the  vicinity  of  Boston. 

In  addition  to  the  regular  morning  lec- 
tures, opportunity  will  be  provided  each  week 
for  one  or  more  group  conferences,  in  which 
phases  of  the  work  will  be  fully  and  inform- 
ally discussed.  Each  student  seeking  credit 
toward  a  degree  will  be  required  to  present 
one  thesis  of  from  three  to  five  thousand 
words,  the  subject  of  which  will  be  agreed 
upon  with  Mr.  Hamilton.  Upon  the  accept- 
ance of  the  thesis  and  the  passing  of  tie  cus- 
tomary examination,  this  course  will  be  ac- 
cepted as  a  half  course  for  a  graduate  degree 
and  also  for  the  degree  of  A. A. 

The  announcement  of  courses  in  the  Har- 
vard University  Summer  School  may  be  ob- 
tained by  writing  to  the  Graduate  School  of 
Education.  Harvard  University,  Cambridge, 
Massachusetts. 


THE  JOURNAL  OF 
INDUSTRIAL  HYGIENE 


PUBLISHED  MONTHLY 


Volume  IV 


JUNE,    1922 


Number  2 


A  PRELIMINARY  NOTE  ON  DYSMENORRHEA  AS  AN 
INDUSTRIAL  PROBLEM* 
Samuel  R.  Meaker,  M.D.,  M.R.C.S. 

Surgeon   to   the  Gynecological  Department   of  the  Boston  Dispensary 


DYSMENORRHEA  is  the  common- 
est of  all  female  ailments.  With 
the  increasing  employment  of  women  in 
industry,  it  is  timely  to  consider  the  in- 
dustrial aspects  of  this  condition.  Two 
problems  at  once  present  themselves. 
The  first  is  to  determine  the  industrial 
incidence  of  dysmenorrhea — the  extent 
to  which  industry  is  crippled  from  this 
cause.  The  second  problem  is  to  dis- 
cover how  the  situation  can  most  effi- 
ciently be  handled. 

iNCmENCE 

From  the  purely  clinical  point  of  view, 
it  is  sometimes  difficult  to  say  just  what 
degree  of  menstrual  discomfort  is  to  be 
rated  as  dysmenorrhea.  From  the  in- 
dustrial point  of  view,  the  definition  of 
the  term  is  simple.  In  this  sense  dys- 
menorrhea is  any  catamenial  disability 
which  lessens  the  efficiency  of  the  em- 
ployee. 

Industrial  crippling  from  dysmenor- 
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rhea  may  occur  in  three  ways :  ( 1 )  A 
girl  may  do  her  work  without  complaint, 
but  with  a  lowered  general  efficiency. 
(2)  A  girl  may  begin  her  work,  but  be 
compelled  in  the  course  of  the  day  to 
report  to  the  rest  room  or  hospital.  (3) 
A  girl  may  stay  at  home  for  a  full  day, 
or  longer. 

Statistics  in  regard  to  the  first  group 
of  cases  are  not  obtainable.  Certainly 
this  group  in  the  aggregate  does  not  ac- 
count for  any  considerable  industrial 
loss.  Possibly  in  the  occasional  case  of 
a  skilled  individual  worker  or  executive 
the  lowered  efficiency  might  be  notice- 
able. 

In  regard  to  the  second  group  of  girls, 
those  who  report  to  the  rest  room  or 
hospital,  data  are  easily  available.  Ta- 
ble 1  contains  figures  which  have  been 
obtained  from  four  large  industries — a 
factory,  two  department  stores,  and  a 
telephone  exchange.  From  these  figures 
it  appears  that,  on  the  average,  rather 
over  10  per  cent,  of  the  girls  in  an  in- 
dustrial establishment  may  be  expected 
to  seek  relief  for  their  menstrual  dis- 
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abilities  during  any  given  month.  Nat- 
urally, there  are  many  factors  which 
may  influence  this  figure.  The  age,  na- 
tionality, and  general  type  of  the  girls, 
the  attitude  of  the  firm  and  its  execu- 
tives, and  the  feeling  existing  among 
the  employees  toward  the  medical  de- 
partment, might  all  tend  to  increase  or 
decrease  the  average  figure  in  the  case 
of  any  particular  industry. 


at  least  three-fifths,  and  probably  near- 
ly four-fifths  of  the  female  staff  had 
occasion,  sometime  during  the  year,  to 
report  because  of  menstrual  troubles. 
The  comparatively  small  number  of 
"repeaters"  recorded  in  Table  2  may  be 
explained  by  the  fact  that  the  industrial 
plant  from  which  these  figures  were  ob- 
tained is  one  of  the  few  that  makes  a 
practice    of    interrogating    prospective 


TABLE  1— GIRLS  REPORTING  TO  REST  ROOM  OR  HOSPITAL 


.•\verage  Xumber  per 

Total  Xumber 

Month  Reporting 

Per  Cent. 

Indu3tr>' 

Period 

of  Girls 

for  Dysmenorrhea 

Reporting 

3  1919 

2.141 

152 

7.1 

A 

(  1920 

2,385 

131 

5.6 

B 

Oct.-Dec,          1920 

750 

81 

10.8 

C 

Oct.-Dec.          1920 

600 

80  (estimated) 

13.3 

1  December.         1914 

1,000 

153 

15.3 

D 

)  March-Sept.,     1919 

1,000 

122 

12.2 

In  regard  to  the  number  of  "repeat- 
ers" who  report  month  after  month,  the 
figures  in  Table  2  are  offered,  from 
which  interesting  conclusions  can  be 
drawn.  Out  of  1,750  girls,  96  reported 
three  or  more  times  during  eleven 
months,  making  a  total  of  441  ^■isits. 
In  this  particular  organization,  12  per 
cent,  of  the  total  employees  reported 
per  month.  In  eleven  months,  then, 
0.12x1,750x11,  or  2,310  visits  were 
made  to  the  hospital  because  of  dys- 
menorrhea. But  441  of  these  visits 
were  made  by  the  96  "repeaters,"  and 

TABLE   2.— XUIIUKR   OF   •REPEATERS" 
AMONG    1,750   GIRLS    DLRIXG 
ELEVEN  MONTHS 
2  girLs  reported   V)  time.s 

4  •■  "  !)  " 
.-{  ■•  ••  S  ■■ 
(i       ■'             "            7       " 

IG  "  •'  C  " 

10  "  ••  5  " 

5  "  "4  " 
47  '•  •■            ,3  '• 

so  1,869  must  have  been  made  by  1,654 
other  girls,  of  whom  many  undoubtedly 
came  once  only,  and  none  came  more 
than  twice.     It  follows,  therefore,  that 


employees  about  their  catamenial  dis- 
ability, and  of  rejecting  those  who  ad- 
mit being  regularly  incapacitated. 

When  we  consider  the  disposal  made 
of  the  girls  who  report  to  the  hospital, 
figures  from  the  different  industries  are 
strikingly  in  agreement.  Nearly  one- 
half  of  all  those  reporting  receive  a  hot 
drink,  and  return  to  their  work  after 
resting  ten  or  fifteen  minutes ;  thus,  the 
amount  of  lost  time  is  negligible.  Some- 
what less  than  one-half  lie  down  for  va- 
rying periods  of  time,  ranging  from  fif- 
teen minutes  to  four  hours ;  the  average 
time  actually  lost  from  work  in  these 
cases  is  about  two  hours.  About  one- 
eleventh  of  the  girls  reporting  are  sent 
home  for  the  rest  of  the  day ;  the  indus- 
trial loss  in  such  a  case  should  be  reck- 
oned as  nearly  a  full  day,  since  such 
work  as  ma}-  ha\-e  been  done  before  re- 
porting is  usually  no  great  contribution 
to  the  efficiency  of  the  industrial  ma- 
chine. 

It  is  most  difficult  to  obtain  figures 
in  regard  to  the  third  group  of  cases, 
those  who  stav  at  home  altogether  for 
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a  full  day  or  longer.  In  nearly  all  in- 
dustrial plants  short  absences,  for  less 
than  three  days,  are  listed  as  being  "for 
personal  reasons,"  and  a  more  detailed 
statement  of  the  cause  is  not  required. 
At  the  same  time,  this  is  the  most  im- 
portant group,  both  from  the  economic 
and  from  the  medical  point  of  view. 
Table  3  is  based  on  periodic  absences 

TABLE  3.— PERIODIC  ABSENCES   AMONG  3.5G 
GIRLS  DURING   SIX  MONTHS 

11  girls  stayed  out  6  times 

31       5      •• 

41       ■.  ..         ..      4       " 

at  intervals  of  twenty-eight  days,  which 
were,  therefore,  in  all  probability  due 
to  dysmenorrhea. 

How  many  girls  stayed  out  for  the 
same  reason  three  times,  twice,  or  once 
in  the  six  months  it  is,  of  course,  not 
possible  to  tell  from  the  records.  It  is 
a  very  conservative  estimate  to  assume 
that  fifty  stayed  out  three  times,  fifty 
twice,  and  sixty  once,  in  the  half-year. 
Allowing  these  figures,  which  err,  if  at 
all,  on  the  side  of  being  too  small,  then 
we  have  a  total  of  695  days  lost  among 
356  girls  during  a  period  of  six  months. 
The  total  days  of  work  during  this 
period  were  64,080,  so  that  the  indus- 
trial loss  caused  by  this  group  of  girls 
exceeds  1  per  cent,  of  the  total  time  qf 
the  employees. 

Tabulating  the  foregoing  observa- 
tions, it  becomes  very  obvious  that  the 
third  group  of  cases  is  the  one  chiefly 
responsible  for  industrial  loss  from 
dysmenorrhea  (Table  4) . 

Management 

In  this  connection  two  opportunities 
are  offered  to  the  industrial  physician. 
The  first  is  the  chance  to  provide  proper 
care  for  those  girls  who  come  volunta- 
rily to  the  hospital.      The  second  and 


larger  opportunity  is  along  lines  of  edu- 
cation, particularly  among  the  worst 
cases,  such  as  those  who  stay  at  home. 

In  most  instances  where  an  industry 
has  an  organized  medical  department, 
the  first  of  these  opportunities  is  fairly 
well  met.  The  necessary  arrangements 
include  a  room  with  cots,  sufficiently 
isolated  from  observation  and  disturb- 
ance. A  tactful  nurse  is  in  attendance, 
and  the  physician  is  available  for  severe 
cases,  or  those  who  wish  to  see  him. 
Hot-water  bottles  or  electric  heating- 
pads  are  at  hand,  and  sanitary  napkins 
are  provided  when  needed.  There  is  a 
supply  of  malted  milk  or  other  ingredi- 
ents for  hot  drinks,  as  well  as  a  selection 
of  suitable  drugs.  Whether  these  last 
may  be  administered  by  the  nurse,  in 

TABLE    4.— LOSS    I'ER    MONTH    OF    TWENTY- 
FIVE  WORKING  DATS  PER  100  GIRLS 

Days 
Group  I  Lost 

(Loss  not  reclvonable :  probably  negligible) 

Group  II 
Subgroup    A — 10%    of    100    report ;    %—   of 

these  lose  practically  no  time 

Subgroup    B— 10%    of   100    report;    Vo—    of 

these  lose  2  hours  each 1+ 

Subgroup    C— 10%    of    100    report;    1/11   of 

these  lose  1  day  each 1 — 

Group  III 
1%  of  total  working  days 25 

accordance  with  fixed  directions,  is  a 
question  to  be  settled  by  each  physician. 
The  possibilities  of  the  second  oppor- 
tunity are  large,  from  both  the  indus- 
trial and  the  medical  points  of  view. 
Women  are  amazingly  backward  about 
seeking  relief  for  their  menstrual  diffi- 
culties. The  aggregate  of  unnecessary 
suffering  which  is  silently  borne  every 
month  is  dreadful  to  contemplate.  Tra- 
dition dictates  that  this  is  part  of  wo- 
man's lot,  and  will  probably  improve 
after  marriage,  and  the  inertia  of  false 
modesty  adds  the  final  inhibiting  touch. 
The  purpose  of  this  paper  is  not  to  dis- 
cuss the  treatment  of  dysmenorrhea;  it 
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is  sufficient  to  say  that  the  greater  part 
of  such  suffering  can  be  prevented  by 
simple  measures,  and  in  most  cases 
without  a  pelvic  examination.  The 
problem  is  to  bring  this  fact  to  the 
knowledge  of  the  girls,  and  to  impress 
upon  them  the  desirability  of  having 
their  trouble  corrected. 

Nowhere  else  is  there  such  an  oppor- 
tunity as  in  industrial  medicine  to 
spread  propaganda  of  this  sort.  And 
yet  the  physician  must  proceed  with 
considerable  tact  and  caution,  for  re- 
sentment would  certainly  be  aroused  by 
the  idea  that  such  investigations  were 
being  forced  upon  female  employees. 
There  are  two  occasions  when  the  sub- 
ject could  be  properly  introduced — at 
the  time  of  hiring,  and  again  when  a  girl 
reports  to  the  hospital  for  dysmenor- 
rhea. If  our  figures  are  correct,  nearly 
four-fifths  of  the  female  staff  would  be 
reached  in  the  latter  way  during  the 
course  of  a  year.     Good  news  spreads 


fast,  and  a  few  cured  patients  are  excel- 
lent advertising. 

The  attitude  of  employers  seems  to 
be,  for  the  most  part,  one  of  indifference. 
Either  they  do  not  appreciate  the  extent 
of  the  problem,  or  they  consider  it  im- 
possible of  solution  through  the  machin- 
er\'  of  industrial  medicine.  If  they  are 
enlightened  on  both  of  these  points  their 
co-operation  in  any  scheme  of  improve- 
ment should  be  assured. 

The  first  need  is  to  train  the  physician 
in  the  industrial  aspects  of  dysmenor- 
rhea, as  well  as  in  the  diagnosis  of  the 
different  clinical  types  and  in  the  ordi- 
nary therapeutic  measures.  Without 
such  fundamental  knowledge  there  can 
be  no  successful  handling  of  the  prob- 
lem. 

I  wish  to  thank  the  different  indus- 
trial physicians  who  have  so  kindly 
helped  me  in  obtaining  statistics  and 
other  information  on  this  subject. 
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IN  connection  with  a  recently  com- 
•*  pleted  survey  of  the  anthrax  hazard 
in  the  tanning  industry  in  Pennsyl- 
vania, accounts  of  which  are  to  be 
published  elsewhere  (1)  (2),  we  have 
tabulated  123  cases  of  human  anthrax 
traceable  to  the  materials  handled.  It 
is  the  purpose  of  this  paper  to  make  an 
analysis  of  the  data  obtained  in  con- 
nection with  these  cases. 

For  the  purposes  of  this  study  the 
tanneries  in  which  these  anthrax  cases 
originated  may  be  divided  into  two 
classes :  those  handling  cattle  hides,  and 
those  handling  goat  skins.  Cattle  hides 
are  received  green  salted,  dry  salted  or 
earth  dried.  The  green  salted  hides  are 
tied  individually  in  square  bundles  with 
the  hair  side  in,  and  the  dried  hides  are 
in  bales.  Green  salted  hides  give  rise  to 
practically  no  dust,  and  therefore  are 
safer  to  handle  in  the  raw  state.  Most 
of  the  cattle  hide  tanneries  are  packer 
controlled  and  at  present  are  tanning 
almost  exclusively  hides  from  packer 
killed  cattle,  either  domestic  or  South 
American.  These  beef  cattle  are  almost 
sure  to  be  free  from  anthrax.  There  are, 
however,    some    non-packer    hides    im- 
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ported  at  present  and  many  of  these  are 
dry.  Anthrax  has  been  caused  by 
handling  these  dry  hides  and  also  by 
handling  green  salted  non-packer  hides. 
When  business  conditions  return  to 
normal,  many  more  of  these  non-packer 
hides  will  be  tanned,  as  was  formerly 
the  case.  In  1921  there  were  four  tan- 
neries using  dry  hides,  and  in  1918  there 
were  twelve.  Before  that  time  many 
tanneries  handled  no  other  stock. 

Raw  stock  is  soaked  in  water  and 
then  in  strong  lime  suspensions,  after 
which  it  is  dehaired  and  washed,  and 
is  ready  for  tanning.  The  strong  lime 
soaks  rapidly  reduce  the  numbers  of 
anthrax  spores  on  the  hides,  and  the 
hides  are  practically  free  from  danger  by 
the  time  they  are  dehaired  and  washed. 
The  occasional  anthrax  cases  occurring 
in  the  later  departments  of  the  tannery 
are  probably  accidental  dust  or  contact 
infections  from  these  first  processes.  On 
this  assumption  we  have  figured  that  in 
the  fifty-seven  cattle  hide  tanneries  in- 
cluded in  our  study,  having  an  esti- 
mated working  force  of  7,458  men,  there 
were  614,  or  slightly  over  8  per  cent,  of 
the  men,  directly  exposed  to  anthrax 
risk.     In  the  nineteen  goat  skin  tan- 
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neries  employing  5,881  men,  426,  or 
somewhat  over  7  per  cent.,  were  directly 
exposed.  This  gives  a  total  of  1,040 
directly  exposed  men  in  the  industry,  or 
not  quite  8  per  cent,  of  the  employees 
(see  Table  1).    Of  these  men  at  least 


thrax.  Our  experience  agrees  with  that 
of  others  to  the  effect  that  this  certifica- 
tion is  worse  than  useless  since  it  merely 
establishes  a  false  sense  of  security 
among  the  tanners  and  freight  handlers. 
Reference  to  Table  2  will  show  that  four 


TABLE    1.— TANNERS   EXPOSED   TO   ANTHRAX 


Tanneries 

Total  Employees 

Exposed  to  Anthrax 

7,458 
5,881 
13.339 

Number 

614 

426 

1.040 

Per  Cent. 

8+ 
7+ 
7.8 

19  goat  skin  tanneries ... 

TotaL — 

119  contracted  anthrax  in  the  twelve 
years  included  in  our  study,  and  four 
more  cases  developed  in  those  handling 
raw  hides  or  skins,  making  123  cases  in 
all,  or  over  11  per  cent,  of  the  number 
of  directly  exposed  tanners.  Seventy- 
three  of  these  cases  were  due  to  the 
handling  of  cattle  hides  (Fig.  1),  and 
fifty  to  the  handling  of  goat  skins. 

No  cases  of  anthrax  have  as  yet  been 
traceable  to  the  handling  of  domestic 
hides,  with  the  exception  of  one  case  in 
1918  from  Texas  hides.  Table  2  indi- 
cates the  source  and  condition  of  hides 
being  handled  in  the  twenty-eight  cases 
among  cattle  hide  tanners  and  the  four 
cases  among  goat  skin  tanners  in  which 
we  have  definite  information  on  the 
subject.  This  table  shows  anthrax  trace- 
able to  hides  from  Texas,  India,  China, 
Mexico,  South  America  and  Cuba,  in 
twelve  or  more  cases  from  dry  hides, 
but  in  two  of  them  from  green  salted 
hides.  In  many  cases  among  cattle  hide 
tanners  and  in  most  cases  among  goat 
skin  tanners  we  could  obtain  no  records 
as  to  the  source  or  condition  of  skins 
handled  at  the  time. 

Hides  and  skins  being  imported  into 
'this  country  are  supposed  to  come  in 
under  quarantine  unless  accompanied 
by  a  consular  certificate  stating  that 
they  are  from  a  district  free  from  an- 


of  the  reported  cases  are  known  to  have 
been  contracted  from  handling  certified 
hides.     Indeed,  one  of  us  has  cultured 


Cattle  Hide  Tanneries 

-Year  Mcrtalify.lb  (^1%) 


Fig.  1. — Yearly  morbidity  and  mortality  from 
anthrax  in  Pennsylvania  tanneries.  Total  mor- 
tality. 20  (21%).  Squares  represent  cases;  black 
squares,  fatalities. 


anthrax  a  number  of  times  from  sam- 
ples from  certified  materials  (2). 
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Table  3  shows  the  distribution  of 
anthrax  cases  among  tanneries.  For 
convenience  in  differentiation  cattle 
hide  tanneries  are  listed  by  number,  and 
goat  skin  tanneries  by  letter.  This  table 
shows  anthrax  cases  in  twenty-three  of 
the  fifty-seven  cattle  hide  tanneries,  or 
over  40  per  cent.,  there  being  thirteen 
with  one  case  each,  one  with  two  cases, 
one  with  three  cases,  three  with  four 
cases,  two  with  five,  one  with  six,  one 
with  nine,  and  one  with  fifteen  cases  in 
twelve  years.  The  last  tannery  had  two 
years  with  five  cases,  and  tannery  num- 
ber 18  had  one  year  with  five  cases.  In 
this  twelve-year  period  there  were  six- 
teen deaths  from  anthrax  in  cattle  hide 
tanneries,  one  tannery  losing  two  cases 
in  one  year;  fourteen  of  these  sixteen 
deaths  were  from  eleven  tanneries,  the 
other  two  being  in  a  hide  contractor  and 


These  records  are,  we  feel,  fairly  com- 
plete from  1916  on.  Before  that  date 
we  feel  sure  that  we  must  have  over- 
looked a  number  of  cases.  Records  were 
obtained  from  the  following  sources : 
Bureau  of  Labor  Statistics,  Bulletin 
No.  267;  Pennsylvania  State  Health 
Department  records  ;  hospital  records ; 
and  reports  from  physicians  and  from 
tannery  superintendents.  Health  de- 
partment records  are  very  meager,  and 
many  cases  are  not  reported  at  all.  Tan- 
nery records,  except  for  recent  years, 
are,  we  find,  very  vague  both  as  to  date 
and  diagnosis.  The  best  records  availa- 
ble were  those  of  hospitals  and  tanner\' 
physicians.  The  source  from  which  the 
greatest  number  of  case  records  was  ob- 
tained was  a  physician  in  central  Penn- 
sylvania who  treated  cases  for  several  of 
the  largest  sole  leather  tannery  corpora- 


TABLE  2.— SOURCE  AND  CONDITION  OF  HIDES  AND  SKINS  H.ANDLED  BY  WORKERS 
INFECTED  WITH  ANTHRAX 


Raw  Material 

No.  of 
Cases 

Country  of  Origin 

Dry  or  Wet 

Certified 

Cattle  hides 

1 

re.\as 

_ 

— 

' 

2 

India 

dry 

'          " 

9 

India  and  Cliina 

drv 

— 

1 

China  and  South  America 

dry 

— 

12 

South  America 

2  green  salted 

3  certified 

'          " 

1 

South  America  and  Mexico 

dry 

certified 

1 

Mexico 

drv 

— 

" 

1 

Cuba 

dry 

— 

Goat  skins 

4 

India 

wet  salt 

— 

a  freight  agent,  respectively.  In  goat 
skin  tanneries  cases  have  been  reported 
from  eight  out  of  the  nineteen  tanneries 
of  this  type  of  which  we  have  any  rec- 
ords. In  addition,  there  were  seven 
cases  reported  among  tannery  workers 
but  no  statement  was  made  as  to  where 
they  were  employed,  and  two  cases  were 
reported  in  longshoremen  handling 
skins.  In  this  group  of  tanneries  three 
had  one  case  each,  one  had  two  cases, 
one  three,  one  six,  one  eleven,  and  one 
sixteen  cases  in  the  twelve  years,  with 
six    cases    in    1920,    and   five   in    1921. 


tions.  His  records  gave  us  a  number  of 
cases  not  listed  elsewhere,  but  as  fur- 
nished us  they  did  not  go  back  beyond 
1916.  His  cases  were  all  treated  in  his 
own  hospital  and  the  diagnosis  was  con- 
firmed in  the  laboratory  as  were  the 
diagnoses  of  cases  treated  in  the  other 
hospitals. 

Figure  1  shows  the  cases  and  deaths 
listed  by  years.  Here  is  noticed  the 
great  apparent  increase  in  cases  in  1916 
due  to  the  obtaining  of  more  complete 
records.  The  decrease  in  1920  and  1921 
in  cases  from  cattle  hide  tanneries  is  due 
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to  business  depression  and  decrease  in 
importation  of  non-packer  hides  liable 
to  contain  anthrax.  As  stated  above, 
we  feel  that  this  condition  is  only 
temporary. 

Table  4  shows  the  effect  of  hospital- 
ization resulting  from  early  diagnosis 
on  mortality  rates  and  on  time  lost  in 
non-fatal  cases.  This  table  includes 
cases  from  both  groups  of  tanneries.  It 
shows  that  of  the  ninety-seven  cases 
which  were  hospitalized  only  ten,  or 
about  10  per  cent.,  died,  while  of  the 
twenty-six  cases  which  were  not  hospi- 
talized sixteen,  or  over  61  per  cent., 
died.  As  a  complement  to  this  there  is 
also  shown  the  number  of  cases  in  which 
we  have  a  record  of  laboratory  diag- 
nosis. Only  two  cases  that  were  so 
diagnosed  were  not  sent  to  a  hospital, 
possibly  because  the  diagnosis  was 
made  too  late,  as  both  patients  died. 
The  neglect  to  make  a  laboratory  con- 
firmation of  a  diagnosis  of  anthrax  in  a 


nosis,  by  blood  culture  and  smear,  of 
staphylococcus  septicemia.  This  de- 
veloped from  an  infected  wound  made 
by  running  into  the  hand  a  splinter 
from  a  new  loft  stick  used  for  tanned 
hides.  This  occurred  in  a  tannery 
handling  nothing  but  packer  hides  and 
in  an  employee  handling  only  tanned 
hides.  Such  errors  would  be  fewer  if  a 
little  more  care  were  exercised  in  his- 
tory taking. 

Not  only  is  a  hospitalized  case  more 
apt  to  get  good  nursing  and  the  required 
absolute  rest  and  supportive  treatment, 
but  it  is  also  more  apt  to  receive  intel- 
ligent specific  treatment  of  some  kind. 
As  such  a  large  proportion  of  these 
cases  were  so  hospitalized  and  as  each 
hospital  as  a  rule  used  one  specific 
method  of  treatment,  we  have  a  good 
opportunity  to  throw  some  light  on  the 
relative  merits  of  treatment  methods. 
In  the  state  of  Pennsylvania  the  cases 
of  which  we  ha\-e    treatment    records 


TABLE  4-.— RESULTS  OF  HOSPITALIZATION  FOR  ANTHRAX 


Total  Case' 

Deaths 

Recoveries 

Record  of  Time  Lost 
in  Non-Fatal  Cases 

No 

Per  Cent. 

-No. 

Per  Cent. 

No.  of       .\verage  No. 
Cases          of  Days 

1                      .     

39 

7 

1 

46 

2 

2 

97 

26 

99 

24 

4 
0 
0 
4 
2 
0 
10 
16 
12 
14 

10.25 

0.0 

0.0 

8.7 

100.0 

0.0 

10.3 

61.5 

12+ 

58+ 

35 
7 
1 

42 
0 
2 

87 

10 

89.75 

100.0 
100.0 
91.3 
0.0 
1 00.0 
89.7 
38.5 

31            43  8 

2      _....  _..    .-    

3      .  -.  - 

4  .    

5 

7           31.8 
1            60.0 

36            32.1 

6 -... 

Total  hospitalized 

Total  non-hospitalized           ..._ _ 

Laboratory   diagnosis   recorded 

No  record  of  laboratory  diaenosis 

2           39.0 

77           37.3 

5            55.4 

tannery  employee  is  inexcusable.  The 
diagnosis  by  smear,  culture  or  animal 
inoculation  is  simple  and  unmistakable, 
yet  we  have  a  record  of  a  fatal  case  not 
included  in  this  list,  that  of  a  patient 
dying  in  a  large  hospital  in  the  state, 
whose  death  was  reported  on  the  certifi- 
cate as  due  to  anthrax  merely  because 
he  was  a  tannery  worker.  A  search  of 
the  records  showed  a  laboratory  diag- 


group  themselves  into  three  divisions : 
Some  received  serum  injections;  some, 
injections  of  25  or  50  per  cent,  phenol 
in  the  ne.xt  vascular  area  to  the  car- 
buncle; and  in  some  cases  the  lesions 
were  excised.  These  methods  of  treat- 
ment were  used  alone  or  in  varying  com- 
binations which  have  been  recorded  in 
Table  5. 

Regan,  in  a  recent  article  (3),  makes 
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a  strong  plea  for  the  exclusive  use  of 
serum  locally  and  generally,  claiming 
the  best  results  from  this  method.  He 
reports  eight  successful  cases  so  treated, 
without  a  death,  and  quotes  a  long 
series  of  reports  from  different  parts  of 
the  world  showing  a  total  mortality  of 
6.7  per  cent,  in  446  cases,  exclusive  of 
his  own.  Our  Pennsylvania  statistics 
show  a  general  mortality  of  over  21  per 


patients  not  having  the  lesion  excised, 
four  died,  or  30.7  per  cent.  Two  patients 
treated  by  excision  alone  both  recovered. 
Of  a  total  of  forty-three  cases  receiv- 
ing serum  treatment,  nine  were  fatal, 
giving  a  mortality  of  20.9  per  cent., 
which  is  much  higher  than  the  average 
mortality  quoted  by  Regan..  Of  fifty- 
six  patients  not  receiving  serum,  five 
died,  or  8.9  per  cent.,  a  mortality  less 


TABLE  5.— RESULTS  OF  SPECIFIC  TREATMENT  METHODS 


No.  of 
Cases 


No.    Average  No.  of 
of  Cases  Days 


Serum   alone   _ 

Serum  and  phenol  injections- 

Serum  and  excision 

Total  serum  

Total  without  serum _ 

Excision  alone  


Excision  and  serum 

Excision  and  phenol  injections- 
Total  excisions  

Total  without  excision 

Phenol  injections  alone 

Phenol  and  serum 

Phenol  and  excision 

Total  phenol 


Total  without  phenol 

.\o  record  of  specific  treatment.. 


5 

3 

6U 

2 

40 

1 

31.0 

1 

1 

100.0 

0 

0 





37 

5 

13.5 

32 

86.5 

28 

45.2 

43 

9 

20.9 

34 

79.1 

29 

44.7 

56 

5 

8.9+ 

51 

91+ 

44 

32.4 

9 

0 

0 

2 

100.0 

1 

47.0 

37 

5 

13.5 

32 

86.5 

28 

45.2 

47 

5 

10.6 

42 

89.4 

36 

32.1 

86 

10 

11.6 

76 

88.4 

65 

36.9 

13 

4 

30.7+ 

9 

69.2+ 

8 

31.7 

7 
1 

0 
1 

0 
100.0 

7 
0 

100.0 
0 

7 

31.8 

47 

5 

10.6 

4? 

89.4 

36 

32.1 

55 

6 

10.9 

49 

89.1 

43 

32+ 

44 

8 

18.1  + 

36 

81.8+ 

30 

44.8 

24 

12 

50,0   . 

12 

50.0 

9 

52.2 

cent,  but  the  hospitalized  cases  show  a 
mortality  of  a  little  over  10  per  cent. 
One  hospital,  where  the  routine  treat- 
ment consists  of  25  per  cent,  phenol  in- 
jections and  wet  bichloride  of  mercury 
dressings,  has  treated  seven  cases  with- 
out a  death,  a  record  practically  as  good 
as  Regan's.  In  eighty-six  of  the  Penn- 
sylvania cases  the  local  lesion  was  ex- 
cised, ten  of  the  patients  dying — a  mor- 
tality of  1 1.6  per  cent.  Of  the  eighty-six 
cases,  thirty-seven  which  were  treated 
in  a  large  city  hospital  received  serum 
injections  also,  but  in  five  instances  the 
disease  was  fatal — a  mortality  of  13.5 
per  cent.  Forty-seven  of  the  patients 
treated  by  excision  also  received  50  per 
cent,  phenol  injections  around  the 
wound,  and  five  of  these  died — a  mor- 
tality of  10.6  per  cent.    Of  the  thirteen 


than  half  that  for  the  cases  recei\'ing 
serum.  The  high  mortality  of  the  serum 
treated  cases  is  due  to  one  fatal  case 
receiving  serum  and  phenol  injections 
and  three  fatalities  among  the  five  cases 
receiving  serum  alone.  Of  the  thirty- 
seven  patients  receiving  serum  and  also 
having  the  local  lesion  excised,  only  five 
died,  giving  a  mortality  of  13.5  per  cent. 
Thirty-four  of  these  cases,  four  of  them 
fatal,  were  treated  in  one  large  city  hos- 
pital, giving  a  mortality  of  under  12 
per  cent.,  a  very  fair  record  for  this 
number  of  cases.  Next  to  the  seven  suc- 
cessful cases  treated  in  one  hospital  by 
phenol  injections  and  local  antiseptic 
dressing,  the  best  record  obtained  was 
in  the  forty-seven  cases  treated  by  ex- 
cision and  phenol  injections,  with  a 
mortality  of  10.6  per  cent.     Forty-six 
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of  these  cases  were  treated  by  one  man, 
with  only  four  fatalities,  a  mortality  of 
under  9  per  cent.,  and  an  excellent  rec- 
ord, especially  as  a  number  of  these 
cases  occurred  in  small  towns,  some 
over  a  hundred  miles  from  the  physi- 
cian's office,  to  which  they  were  trans- 
ported by  train  or  by  automobile.  This 
record  would  not  be  possible  if  it  were 
not  that  the  tanners  have  been  on  a  con- 
stant lookout  for  anthrax  infection  and 
that  they  send  cases  for  diagnosis  on  the 
earliest  development  of  a  suspicious 
lesion.  The  very  great  value  of  early 
diagnosis  is  seen  by  comparing  these  fig- 
ures with  New  York  City  anthrax  mor- 
tality statistics  for  1915  to  1919,  quoted 
by  Regan  (3),  which  show  a  mortality 
for  the  five-year  period  ranging  from  26 
per  cent,  in  1918  to  75  per  cent,  in  1916. 
These  New  York  cases  were  mostly 
shaving  brush  infections  having  no  con- 
nection with  the  patient's  occupation 
and  therefore  usually  not  diagnosed  as 
anthrax  until  a  generalized  bacteremic 
condition  had  developed.  The  great  im- 
provement shown  by  the  1920  mortality 
rate  of  8.5  per  cent,  is  undoubtedly 
largely  due  to  the  prompt,  liberal  use 
of  serum,  as  Regan  claims,  but  it  is  con- 
tributed to  largely  by  the  earlier  diag- 
nosis due  to  the  publicity  given  to  the 
likelihood  of  this  mode  of  infection. 

In  addition  to  the  mortality  figures 
given  above  for  the  Pennsylvania  cases, 
Tables  4  and  5  show  records  of  time  lost 
b}^  eighty-two  non-fatal  cases,  se\-enty- 
seven  of  which  were  treated  in  hospital, 
with  an  average  of  37  days'  lost  time, 
and  fi\'e  were  not  hospitalized,  with 
an  average  of  over  55  days'  lost  time. 
Treatment  in  hospital  evidently  short- 
ens materially  the  duration  of  illness 
and  incapacity,  as  well  as  enhancing  the 
probability  of  recovery.  In  no  non- 
hospitalized  case  was  the  patient  away 
from  his  work  for  less  than   31   days. 


while  the  shortest  time  lost  among  the 
hospitalized    cases    was    7    days.      In 
twenty-three  cases,  or  practically  30  per 
cent,  of  the  hospitalized  cases  for  which 
we  have  time-lost  data,  there  was  a  loss 
of    25    days    or    less    per    case.      Con- 
sideration  of   time-lost   data   in   cases 
treated  by  those  methods  for  which  we 
have   records   of   seven  or   more   cases 
show      twenty-eight     non-fatal      cases 
treated  by  excision  and  serum  injection, 
with  an  average  loss  of  45.2  days ;  thir- 
ty-six non-fatal  cases  treated  by  exci- 
sion   and    phenol    injections,    with    an 
average  loss   of  32.1    days;    and  seven 
non-fatal  cases  treated  by  phenol  injec- 
tion  and  bichloride  dressing,  with   an 
average  loss  of  31.8  days.    The  shortest 
disablement  period  in   the  first  group 
was  14  days,  four  of  the  men   (14  per 
cent.)    losing  25  days  or  less.     In  the 
second  group  the  shortest  period  was  7 
days,  with  sixteen  men   (44  per  cent.) 
losing  25  days  or  under.     In  the  third 
group  of  seven  cases  the  shortest  time 
lost  was  13  days,  and  the  next,  25  days 
(30  per  cent.).    As  against  the  average 
loss  of  44.7  days  for  twenty-nine  pa- 
tients   receiving    serum    injections,    we 
have  an  average  loss  of  only  32.4  days 
for  the  forty-four  patients  not  recei\'ing 
serum.    Against  an  average  loss  of  36.9 
days  for  sixty-five  patients  having  the 
local  lesion  excised,  we  have  an  average 
of  only  31.7  days  for  the  eight  cases 
with  no  excision,  but  this  group  is  too 
small  to  base  much  evidence  upon,  as 
is   the  group   of  seven  included  in   it, 
which  received  only  phenol  injections. 
Against  the  average  loss  of  32+  days  for 
the  total  of  forty-three  patients  receiv- 
ing phenol  injections,  we  have  an  aver- 
age loss  of  almost  45  days  for  the  pa- 
tients not  receiving  phenol. 

The  above  figures  are  not  oflFered  as 
an  argument  against  the  use  of  serum, 
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but  rather  as  an  argument  for  the  value, 
in  good  hands,  of  local  treatment  by  ex- 
cision and  by  the  use  of  phenol  sub- 
cutaneously,  at  least  where  serum  is  not 
available.  In  the  hands  of  one  private 
physician  and  of  one  city  hospital,  in  no 
way  connected  with  him  and  in  a  differ- 
ent part  of  the  state,  phenol  injections 
without  serum  seem  to  have  given  ex- 
cellent results,  both  from  the  standpoint 
of  time  lost  and  from  that  of  cure — re- 
sults practically  as  good  as  the  most  fa- 
\'orable  results  reported  by  others  from 
the  use  of  serum  intensively.  We  would 
state  also  that  the  resultant  scarring  in 
the  cases  treated  by  phenol  injections, 
which  we  were  able  to  examine,  was 
remarkably  inconspicuous,  considering 
the  extent  of  the  lesion  as  evidenced  by 
photographs. 

As  further  evidence  of  the  seriousness 
of  the  anthrax  risk  for  exposed  tanners, 
we  ask  consideration  of  Tables  6  and  7. 

TABLE  6.— TIME  LOST  BY  NOX-FATAL  CASES  OF 
ANTHRAX 

DAYS 

Total  non-fatal  cases  in  12  years.— 98.0 

Average  time  lost  (reports  of  82  cases) 38.36 

Total  estimated  time  lost 3,759.28 

Average  estimated  time  lost  per  year. 313.27 

Greatest   estimated   loss   in   any  tannery    (16 

cases  613.76 

Greatest  estimated  loss  in  any  tannery  in  any 

one  year   (6  cases) _ 230.16 


Table  6  considers  the  question  of  time 
lost  in  non-fatal  cases.  We  have  records 
of  an  average  of  38.36  days  lost  in 
eighty-two  non-fatal  cases.  This  would 
give  an  estimated  time  loss  of  3,759.28 
days  in  twelve  years  in  the  ninety-eight 
non-fatal  cases,  of  which  we  have  rec- 
ords, or  an  average  yearly  loss  for  the 
industry  of  313  days.  One  tannery  with 
a  total  of  sixteen  cases  would  have  lost, 
on  this  basis,  613.76  days,  and  with  six 
cases  in  one  year,  over  230  days  in  a 
single  year. 


Table    7    gives    the    morbidity    rate 
among  the  directly  exposed  employees 
for  the  five  years,  1916  to  1920,  inclu- 
sive, during  which  period  we  feel  that 
we  have  fairly  complete  and  representa- 
tive   statistics.      This    table    shows    an 
average  of  almost  2  per  cent,  per  year 
of      exposed      employees       contracting 
anthrax.     The  risk  is  apparently  some- 
what  greater  in   cattle   hide   tanneries 
than  in  tanneries  handling  goat  skins, 
in  spite  of  the  evident  greater  prevalence 
of   anthrax    infested   skins    among    the 
raw  stock  of  the  goat  skin  tanneries. 
There  seems  to  be  an  idea  prevalent 
among  many  of  the  cattle  hide  tanners 
that   the  risk  is   much  greater   in   the 
handling  of  goat  skins  than  in  the  hand- 
ling of  cattle  hides.    This  is  true  under 
the  present  conditions  of  the  industry, 
as  evidenced  by  the  figures  for  1920  and 
1921,  but,  as  argued  before,  this  is  prob- 
ably only  a  temporary  condition  due  to 
the  lack  of  demand  for  sole  leather.  The 
slightly  lower  mortality  rate  among  goat 
skin  tanners,  as  shown  in  Figure  1,  is 
probably    due   to    early    diagnosis    and 
prompt  hospitalization,  since  these  tan- 
neries are  all  in  or  near  Philadelphia 
and  have  immediate  access  to  first-class 
hospitals,  and  several  of  the  largest  of 
them  employ  their  own  physicians.  The 
great  increase  in  the  incidence  of  infec- 
tion in  goat  skin  tanneries  in  1920  is  in- 
teresting, and  has  been  explained  by  the 
tanners  in  two  ways.    Owing  to  the  in- 
creased demand  for  leather  during  the 
war  and  the  great  increase  in  prices  paid 
for    raw    materials,    many    more    skins 
were  collected  and  many  inferior  skins 
were  baled,  which  ordinarily  would  have 
been  refused.    The  great  delays  in  ship- 
ping of  all  freight  overseas  caused  many 
of  these  inferior   skins,   often   infested 
with  anthrax,  to  be  held  for  a  year  or 
more  in  transit  or  on  open  docks  ex- 
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posed  to  the  weather.  This  resulted  in 
water  damage  and  increase  in  anthrax 
in  already  infested  bales.  Many  of 
these  skins  reached  the  tanneries  in 
1920. 

Cultures  made  from  dust  and  soak 
water  samples  as  part  of  the  survey 
yielded  virulent  anthrax  from  6  per  cent, 
of  the  cattle  hide  tanneries   and  over 


was,  of  course,  fatal.  We  have  no  record 
as  to  treatment. 

Table  8  gives  the  occupations  of  the 
123  victims  of  anthrax.  Those  listed  as 
laborers  are  almost  all,  if  not  all,  work- 
ers handling  raw  or  wet-untanned  stock. 
This  table  shows  111  of  the  cases  among 
those  referred  to  previously  as  directly 
exposed  to  anthrax  risk,  only  three  of 


TABLE    7.— ANTHRAX   MORBIDITY   IN   TANNING  INDUSTRY  IN  PENNSYLVANIA, 

1916-1920 


Cattle  Hide 

Tanneries 

Goat  Skin  Ta 

NNERIES 

Year 

No.  of  Cases 

Per  Cent,  of 

E.xposed 
Employees^ 

No.  of  Cases 

Per  Cent,  of 

Exposed 
Employees^ 

1916  

■       1917   

18 
10 
IS 
12 
4 
59 
11.8 

2.9+ 

1.6+ 

2.4+ 

1.9+ 

0.6 

9.6+ 

1.9+ 

4 

6 

4 

3 

15 
32 

6.4 

0.9+ 
1.4+ 

19IR 

0.9+ 

1919    , 

0.7+ 

1920   

3.5+ 

7.5+ 

Yearly  avpragp^           

1.5+ 

'See  Table  1. 

-Five-year  total  for  both  types  of  tannery=91  cases,  or  8.7+ %i  of  exposed  employees. 

^Yearly  average  for  both  types  of  tannery=18.2  cases,  or  1.7+%  of  exposed  employees. 


one-half  of  the  goat  skin  tanneries  where 
samples  were  taken,  and  in  many  cases 
these  cultures  represented  so-called 
certified,  supposedly  anthrax-free  stock 
(2). 

In  the  discussion  of  treatment  no  spe- 
cial mention  of  internal    anthrax  was 


the  cases  being  surely  in  a  later  depart- 
ment of  the  tannery.  It  will  be  noted 
that  seven  men  in  all  have  been  infected 
while  doing  repair  work  around  soak 
vats.  The  two  cases  in  housewives  are 
interesting  as  showing  how  it  is  possible 
for  a  tanner  to  take  his  hazard  home 


TABLE  8.— KIND  OF  WORK  DONE  BY  INFECTED  EMPLOYEES 


Occupation 


Handling  dry  skins__ 
Handling  wet  skins    . 

Laborers    - 

Finishing   

Repairing  or  tearing  down... 

Hair  house 

Hou  sewives  

Total 


Cases  among   persons   directly 
exposed 


Total  No.  of 
Cases,    1910-1921 


25 
22 
64 
2 
7 
1 
2 
123 
111 
10.6%  of  ex- 
posed employees 


Cattle   Hide  Tanneries 


12 

3 
53 

1 

4 

0 

0 
73 
(■  68 

-I  93.1%  of  cases  of 
[  anthrax 


Goat  Skin  Tanneries 


13 

19 

11 

1 

3 
1 
2 

50 

43 

86%  of  cases  of 

anthrax 


made,  as  there  has  been  only  one  case 
among  the  123  cases  of  anthrax  which 
have  occurred  in  Pennsylvania  in  the 
past  twelve  years,  and  that  case  oc- 
curred in  1915  in  a  tannery  handling 
dry  cattle  hides  at  the  same  time,  and 


with  him  in  his  work  clothes.  Both  of 
these  women  were  tanners'  wives,  one 
infecting  herself  by  a  needle  prick  while 
mending  her  husband's  overalls,  and  the 
other  presumably  becoming  infected 
while  doing  her  husband's  wash.    These 
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cases  offer  a  strong  argument  in  fa\or 
of  requiring  the  disinfection,  on  the  tan- 
nery premises,  of  all  work  clothing. 

Summary  and  Conclusions 

This  report  lists  123  cases  of  anthrax 
connected  with  the  tanning  industry-  in 
the  twelve  years  from  1910  to  1921,  in- 
clusive. This  number  represents  almost 
12  per  cent,  of  the  directly  exposed  em- 
ployees. The  mortality  among  these 
123  cases  was  over  21  per  cent. 

In  the  five-year  period  for  which  we 
have  accurate  statistics,  there  was  a 
yearly  morbidity  rate  of  almost  2  per 
cent,  of  the  directly  exposed  emplo}'ees. 
The  directly  exposed  employees  include 
those  handling  raw  stock  and  those 
soaking  and  liming  this  stock. 

Anthrax  has  been  contracted  from  the 
handling  of  non-packer  cattle  hides  from 
Texas,  Mexico,  China,  India  and  South 
America,  and  from  goat  skins  from 
many  regions. 

yVnthrax  has  been  contracted  from  the 
handling  of  both  dry  and  wet  salted 
hides  and  skins,  and  from  both  certified 
and  uncertified  stock,  and  anthrax 
bacilli  have  been  isolated  from  both. 
The  present  practice  of  certification 
offers  little  or  no  protection  to  the 
tanner. 

The  mortality  of  cases  treated  in  hos- 
pitals has  been  considerably  less  than 
one-half  that  of  unhospitalized  cases. 

In  Pennsylvania  apparently  the  best 
results  of  treatment  have  been  obtained 
by  the  injection  of  strong  phenol  solu- 
tions (25  to  50  per  cent.)  locally  around 


the  area  of  the  initial  lesion,  with  or 
without  excision  of  the  lesion. 

The  use  of  antianthrax  serum  with 
excision  of  the  local  lesion  has  also  given 
excellent  results,  and  we  do  not  desire 
to  create  the  impression  that  it  should 
not  be  used.  We  would  be  inclined, 
from  a  consideration  of  the  Pennsyl- 
vania experience,  to  advocate  the  con- 
tinued intensive  use  of  a  reliable  serum 
subcutaneously  or  intravenously,  com- 
bined with  excision  of  the  local  lesion 
and  the  injection  of  concentrated  phenol 
solution  around  the  wound.  Early  di- 
agnosis, prompt  hospitalization  if  possi- 
ble, and  absolute  rest  are  essential  for 
success  in  any  form  of  treatment. 

Anthrax  continues  to  be  a  decided 
menace  to  both  the  cattle  hide  and  goat 
skin  tanner  and  will  continue  to  be  so 
until  some  method  is  developed  whereby* 
tanneries  cease  to  recei\e  anthrax  in- 
fested raw  stock. 

Seymour-Jones  (4)  ad\ocates  for 
England  the  prohibition  of  the  impor- 
tation of  any  raw  stock  not  previously 
converted  to  the  wet  salt  state  by  means 
of  his  formic  acid  and  mercuric  chloride 
method.  One  of  us  discusses  more  fully 
the  subject  of  disinfection  for  anthrax 
in  another  paper  (2),  but  whatever 
method  may  be  finally  adopted,  w^e  feel 
verA'  strongly  that  all  undisinfected  im- 
ported stock  should  be  disinfected  at 
one  or  more  centrally  located  govern- 
ment disinfecting  stations  before  being 
shipped  to  the  tanners,  as  the  English 
government  is  doing  at  present  with 
wool  and  hair. 
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EXPERIMENTS  L\  AIR  CONDITIONING* 
Philip  Drinker,  B.S.,  Ch.E.,  and  R.  M.  Thomson 


Lahoralory  oi  JppHrd  Physiology ,  Harvard  Medical  School 


AS  a  class  exercise  in  the  course  in 
ventilation  in  the  School  of  Public 
Health  of  the  Hanard  Medical  School, 
it  was  desired  to  study  by  direct  experi- 
mentation certain  phases  of  air  condi- 
tioning. The  \Miite  machine  of  the 
National  Air  Treating  Company  was 
admirably  adapted  for  our  purposes  an  d 
was  kindly  loaned  by  the  company  for 
experiments. 

The  machine  consists  of  a  metal  tank 
2  feet  by  2  feet  by  14  inches,  abo\-e  which 
is  mounted  a  1/6  horse  power  Holtzer- 
Cabot  direct  current  shunt  motor  dri\- 
ing  through  bevel  gears,  a  special  centri- 
fugal pump  and  a  shaft  perforated  with 
holes  for  throwing  the  water  from  the 
pump  out  in  a  fine  spray  into  the  spray 
chamber.  In  the  machine  used  for  dem- 
onstration, the  spray  chamber  walls 
are  made  of  glass.  The  air  enters  this 
chamber  through  a  series  of  closely 
spaced,  herring-bone  baffles,  through 
which  the  water  is  returned  to  the  tank. 
The  exit  air  is  freed  from  entrained 
water  by  passing  through  a  like  series  of 
baffles  to  the  1,500  cubic  feet  per  minute 
exhausting  fan  which  is  driven  by  a 
direct-connected  1/12  horse  power  Holt- 
zer-Cabot  direct  current  shunt  motor. 
Both  motors  run  at  1.760  revolutions 
per  minute,  115  volts,  while  the  pump 
motor  is  rated  at  1.2  amperes  and  the 
fan  motor  at  1  ampere.  The  motors  are 
connected  in  parallel  and  are  designed 
for  constant  speed,  so  that  starting  the 
machine  consists  in  merely  plugging 
into  a  standard  socket. 


The  only  instrument  on  the  machine 
for  temperature  measurement  is  a  ther- 
mometer on  the  pumip  line  to  show  the 
temperature  of  the  water  entering  the 
spray  chamber.  This  is  realh-  all  that 
is  needed. 

.\11  tests  were  run  in  the  same  room, 
selected  "without  any  particular  regard 
to  general  thermal  conditions,  position 
of  ventilator.s,  radiators  or  windows. 
The  radiator  was  shut  off  for  all  runs, 
and  heat  was  supplied  on  Test  4  only 
from  a  gas  furnace  across  the  top  of 
which  air  was  blown  by  an  electrically 
driven  fan.  This  fan  was  kept  in  place 
and  run  at  the  same  speed  for  cdl  tests. 
The  fan  and  air  conditioning  machine 
were  so  placed  as  to  cau.«ie  the  minimum 
of  air  currents,  and  both  weTe  run  at  full 
speed  at  all  rimes.  -AU  in.struments  wexe 
read  from  the  same  position  relative  to 
the  fan  furnace  and  air  conditioning 
maciine.  The  ventilators  wexe  blocked 
off  and  no  external  source  of  ventilation 
was  used.  The  doors  were  kq^t  locked.. 
Four  men  were  presej:t  in  Tests  1  and 
4,  and  five  men  for  Tests  2  and  7>. 

The  outdoor  tejnpeTature  was  well 
below  freezing  both  days  these  tests 
were  run,  and  a  large  window,  6  feet  by 
8  feet,  gaA-e  abundant  space  for  conden- 
sation during  the  "humi  dif^-ing"  tests. 
No  attempt  was  made  to  obA"iate  this. 

For  the  last  three  tests,  an  ejector  was 
used  for  both  empt\-ing  and  filling  the 
tank  of  the  White  machine,  so  that  not 
more  than  five  to  ten  minutes  elapsed 
between  stopping  one  run  and  .«;t.arting 


•Rwfivfd  for  puhliciiti<iii  Mur<-b  ITi,  11122. 
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the  next.  In  all  cases  the  water  level  of 
the  tank  was  kept  at  as  nearly  11  inches 
as  possible.  This  was  equivalent  to 
4.56  cubic  feet,  or  20.39  pounds  of  water 
per  inch. 

No  tests  were  made  with  the  tank 
water  at  a  relatively  high  and  constant 
temperature,  nor  were  any  tests  made 
with  a  dehumidifying  agent  at  tempera- 
tures below  32°  Fahrenheit. 

Instruments  Used 

Relative  Humidity.  —  Relati\'e  hu- 
midity was  determined  with  a  "Tycos"' 
sling  psychrometer  of  the  U.  S.  Weather 
Bureau  type,  and  checked  with  a  port- 
able motor-fan  psychrometer  and  a  hair 
psychrometer,  designated  a  "sling," 
"motor"  and  "hair,"  respectively.  The 
sensitivity  of  the  last  instrurrient  was 
surprising,  in  view  of  the  wide  range  of 
conditions  prevailing. 

The  relative  humidity  of  the  moist  air 
delivered  from  the  White  machine  is  not 
shown  on  the  cur\-es,  although  wet  and 
dr>'  bulb  readings  are  given  in  the  tabu- 
lated results.  Regardless  of  conditions 
in  the  room,  this  exit  air  is  saturated  to 
such  a  high  degree  that  its  determina- 
tion by  wet  and  dry  bulb  is  difficult  and 
unreliable.  It  was  found  impossible  to 
keep  the  dry  bulb  dry  for  more  than  a 
few  seconds  at  a  time,  although  water 
lost  by  entrainment  appeared  to  be  low. 
The  manufacturers  claim  a  relative  hu- 
midity of  over  90  per  cent,  for  this  exit 
air,  which  appears  to  be  a  conservative 
estimate,  while  a  variation  of  a  few  per 
cent,  either  way  would  have  little  effect 
on  the  rapidity  with  which  the  desired 
atmospheric  conditions  can  be  obtained. 

Air  Temperatures.  —  For  both  the 
exit  air  from  the  machine  and  the  room 
air  the  dry  bulb  readings  are  shown  on 
the  curves.     For  the  room  air  the  drv 


bulb  readings  of  the  sling  and  motor- 
fan  psychrometer  are  averaged. 

Water  Teinperatures.  —  Readings 
were  taken  with  a  long-stemmed  ther- 
mometer, the  water  being  thoroughly 
stirred  before  each  reading.  It  was 
found  that  these  readings  for  run  1 
checked  those  of  the  thermometer  (pro- 
\ided  by  the  manufacturers)  in  the  wat- 
er intake  of  the  machine  so  closely  that 
reading  of  the  latter  was  dispensed  with, 
since  the  machine  was  so  placed  for  our 
tests  as  to  make  this  reading  inconven- 
ient. 

Cooling  Power  of  the  Air. — Hill's  wet 
and  dr}^  kata-thermometer  offers  a 
method  of  determining  the  cooling  pow- 
er of  the  air  with  reference  to  body  tem- 
perature, and  is  described  in  detail  in 
his  monograph  on  "The  Science  of  Ven- 
tilation and  Open  Air  Treatment."  This 
instrument,  in  brief,  consists  in  an  al- 
cohol thermometer  with  a  relatively 
large  bulb  of  definite  surface  area  and 
stem  of  about  1  mm.  bore,  on  which  95° 
and  100°  F.  are  marked.  The  bulb  is 
held  in  hot  water  until  the  alcohol,  col- 
ored red  for  visibility,  has  partly  filled  a 
small  reservoir  at  the  top  of  the  stem, 
and  thus  formed  an  unbroken  column. 
The  bulb  is  then  withdrawn  and,  in  the 
case  of  the  wet  kata,  excess  water  re- 
moved by  pinching  the  bag  at  the  top. 
The  dr>-  bulb  is  wiped  dry  with  a  clean 
cloth.  The  time  for  the  alcohol  to  fall 
from  the  100'  to  the  95°  mark  is  then 
taken  in  seconds,  and  the  "kata  factors," 
marked  on  the  stems  of  the  instruments, 
are  divided  by  this  time,  gi\ing  the  cool- 
ing power  of  the  air,  with  reference  to 
body  temperature,  in  millicalories  per 
square  centimeter  per  second. 

As  this  instrument  is  quite  sensitive 
to  temperature  variations,  care  must  be 
taken  to  keep  it  well  away  from  the  body 
and,  for  tests  such  as  these,  in  a  definite 
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location  with  respect  to  drafts,  to  which 
it  is  very  sensitive.  It  is  advisable  to 
use  the  mean  of  several  readings,  and 
where  this  is  not  possible,  as  in  our  tests, 
at  least  two  sets  of  instruments  should 
be  read  simultaneously. 

Although  at  first  glance  the  figures 
and  curves  of  our  kata  readings  appear 


For  locations  in  which  the  comfort  or 
hygienic  aspects  of  humidity  and  tem- 
perature are  the  important  considera- 
tion, the  kata-thermometer  is  useful  in 
connection  with  wet  and  dry  bulb  read- 
ings, while  for  problems  of  air  drying  at 
atmospheric  or  even  reduced  pressures 
the  kata-thermometer  affords  informa- 


15     20    25    30    35  "  40    4^5    50   55  601 

jFime  in  Minutes.  .0^ 

Fig.   1. — Test  1,  humidifying.     Tank  water  at   initial   tempera- 
ture of  10(5°  F.     Xo  attempt  to  luimiclify  quickly. 


to  cover  a  rather  wide  range  without 
special  relation  to  each  other,  it  will  be 
seen  that  they  show  maximal  and  mini- 
mal points  at  about  the  same  times, 
which,  in  turn,  bear  a  definite  relation 
to  the  humiditv  readings. 


tion  obtainable  with  the  wet  and  dry 
bulb  psychrometer  only  by  considering 
the  total  heat  in  the  air. 

Test  1. — In  the  first  test  it  was  desired  to 
find  how  quickly  and  to  what  extent  the  room 
could  be  humidified  when  using  water  at  an 
initial  temperature  of  only  106°  F.     When  the 
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motors  were  started  the  relative  humidity  was 
55  per  cent.,  and  was  raised  to  77  per  cent,  in 
ten  minutes.  The  preliminary  rise  in  humidity 
during  the  first  twelve  minutes  was  due  to 
evaporation  from  the  tank  water,   as   a  small 


per  cent.,  a  maximum  of  91  per  cent,  was 
reached  in  ten  minutes,  with  a  rise  in  room 
temperature  of  only  9°.  This  figure  could  have 
been  maintained  by  keeping  the  temperature  of 
the  tank  water  high  enough  to  reach  a  prede- 


hose  was  used  in  this  run.    It  will  be  seen  from     termined  equilibrium.     A  consideration  of  the 
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Fig.  2. — Test  2.  humidifyini.'.  Tank  water  at 
initial  temperature  of  1.54°  F.  Humitlifying 
quickly  and  allowing:  tank  temperature  to  fall 
until    ajiproxiinMle   oi|uilibrium    was   readied. 
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Pig.  3. — Test  3.  dehumidifytng.  Tank  water  at  initial 
temperature  of  48°  F.  Ordinary  tap  water  u.sed.  Test 
stopped  on  reaching  approximate  equilibrium. 


the  curves  and  data  of  this  test  that  there  is  a 
gradual  falling  off  in  humidity  after  the  maxi- 
mum point  is  reached,  and  that  this  drop  in 
humidity  accompanies  the  drop  in  temperature 
of  the  tank  water.  The  kata-thermometers 
both  show  a  rise  in  cooling  power  as  the  hu- 
midity decreases. 

Test  2. — The  rapidity  with  which  a  high  de- 
gree of  humidity  can  be  reached  is  well  shown 
in  this  test.     With  an  initial  humidity  of  263^ 


curves  of  this  test  show  that  the  speed  of  hu- 
midification  is  greater  than  in  Test  1  owing  to 
the  higher  initial  temperature  of  the  tank  water. 
This  is  most  clearly  shown  by  superimposing 
the  curves  of  Test  2  on  those  of  Test  1. 

Test  3. — Using  ordinary  tap  water  in  the 
tank  of  the  White  machine,  it  was  desired  to  see 
how  quickly  and  to  what  extent  the  room  could 
be  brought  to  ordinary  conditions.  Test  3  was 
accordingly  started  with  a  relative  humidity  of 
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72  per  cent.,  and  the  tank  water  at  48°  F.    De-  tinually  adding  snow  and  withdrawing  water, 

humidification  occurred  slowly  but  with  regu-  The  run  was  started  as  soon  as  a  temperature 

larity  until  the  tank  water  reached  59°  F.,  at  of  32°  F.  was  reached  in  the  tank,  and  at  the 

which   point  equilibrium   was  gradually   being  same   time   the   gas    furnace   was    lighted    and 

reached.  regulated  to  keep  the  temperature  of  the  room 


Fig.  4. — Test  4,  deliumidifying.  Tank  water  kept  at  32°  P.  for  60  minute-s,  then  allowed  to  rise  to 
show  corresponding  rise  in  relative  humidity.  Note  that  exhaust  temperature  and  relative  humidity  do 
not  rise  for  some  minutes  later. 


Test  4. — For  use  during  hot  and  humid 
summer  days,  a  machine  of  this  type  is  called 
upon  to  reduce  humidity  and  to  keep  it  at  a 
predetermined  figure.  To  exaggerate  condi- 
tions prevailing  on  disagreeable  and  uncom- 
fortable summer  days,  the  relative  humidity  of 
the  room  was  rapidly  raised  by  running  the 
machine  for  a  few  minutes  with  hot  water, 
then  emptying  it  quickly,  and  refilling  with  cold 
water  and  snow.  This  mixture  gave  a  tank 
temperature  of  32°  F.,  which  was  maintained 
for  the  first  sixtv  minutes  of  the  test  bv  con- 


as  nearly  constant  as  possible.  Without  some 
source  of  heat,  it  is  impossible  to  dehumidify 
rapidly  and  at  the  same  time  keep  up  the  room 
temperature  to  ordinary  conditions.  The  rate 
of  dehumidification  is  best  shown  by  superim- 
posing the  steeper  curves  of  this  test  on  the 
more  gradual  ones  of  Test  3.  In  order  to  ob- 
serve the  rise  in  relative  humidity  after  the 
equilibrium  point  was  approximately  reached, 
the  tank  temperature  was  allowed  to  increase, 
and  at  the  same  time  the  gas  furnace  was 
turned  down  lower. 
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Humidifying 


TEST   1.— FEB.   15,   1922 

Barometer  =  30.12  inches. 
Wet  kata   factor  =  521. 
Dry   kata   factor  —  548. 
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75.0 

78 

69.5 

75.0 

76 

82 

30.2 

17.25 

124 

5.56 

77.9 

80.6 

2.25 

78.0 

70.0 

75.0 

78 

69.3 

75.0 

76 

&5 

30.6 

17.05 

113 

5.96 

75.2 

77.0 

2.30 

76.0 

70.0 

75.0 

78 

69.0 

74.0 

78 

81 

32.1 

16.24 

119 

5.74 

73.4 

75.2 

2.35 

74.0 

69.5 

75.0 

7G 

69.0 

74.0 

78 

79 



— 

105 

6.29 

71.6 

73.4 

2.40 

72.0 

69.0 

75.0 

74 

68.0 

74.0 

74 

78 

30.8 

16.92 

109 

6.12 

70.7 

73.5 

2.45 

71.0 

68.5 

74.5 

74 

68.0 

73.5 

75 

77 

29.2 

17.S1 

105 

6.29 

69.8 

71.6 

2.50 

70.0 

68.0 

74.0 

74 

67.5 

73.0 

75 

76 

28.2 

18.48 

96 

6.71 

68.9 

70.7 

2.55 

60.0 

68.0 

74.0 

74 

67.0 

73.0 

73 

75 

27.5 

18.86 

97 

6.66 

68.0 

69.8 

3.00 

TB8T  2.— FEB. 


Humidifying 


16.  1922 
Barometer  =  29.51  inches. 
Dry  kata  factor  =  521. 
Wet   kata   factor  =  548. 


Rel 

ITIVE     II 

■MiniTV 

Kata  Thennometers 

E-xhav 

St  .\ir 

Time 

Tempera- 
ture 

.Motor 

Sling 

1  Hair 

Sees. 
W. 

1 

1  Coolirg 

I     Poraer 

1 

•Sees. 
D. 

Cooling 
Power 

W. 

R. 

°t\ 

w. 

D. 

-/f 

w. 

D. 

-, 

'' 

P.M. 

154 

52.(» 

6S.0 

31 

50.0 

67.0 

26 

27.0 

25.3 

21.68 

.86.5 

6.03 

_ 

2.35 

122 

70.0 

74.0 

82 

70.0 

73.5 

84 

SO.O 

35.6 

15.4 

115.0 

4.53 

107.6 

108.02 

2.40 

108 

73.0 

75.0 

91 

73.5 

74.5 

91 

93.0 

36.0 

15.22 

110.0 

4.375 

99.5 

99.5 

2.45 

95 

72.5 

75.0 

80 

71.5 

74.5 

86 

90.0 

37.5 

1461 

109.0 

4.78 

89.15 

89.6 

2.50 

89 

72.0 

75.0 

86 

71.5 

74.5 

86 

87 .5 

36.5 

15.0 

109.0 

4.78 

.84.2 

,85.1 

2.55 

83 

70.5 

74.5 

82 

70.0 

74.0 

80 

84.0 

35.5 

15.44 

106.0 

4.S2 

79.7 

.81.5 

3.00 

Dehumidifying 


-FEB.  16,  1922 

Barometer  =  29.51   inches. 
Dry   kata   factor  =  521. 
Wet  kata   factor  =  548. 


REi„4TirE    Humidity 

1 
i 

Tank 

K^ 

ta  Thennometers 

Exhai 

St   ,\ir 

1     Time 

Tempera- 

1 

ture 

Motor 

Sliug 

Hair 

1 

Sees. 

C<x>ling 

Sees. 

1             1 
1  Coolijigl 

1 

1 

1 

1 

"F. 

w.     1 

1 

D.      1 

1 

% 

\v. 

1 

D. 

1 

% 

% 

W. 

Power 

D. 

1  Power  1 

1                1 

\V. 

D. 

1    P.M. 

1 

58.0 

6.3.0 

70.0 

68 

62.0 

60.5 

65.5 

61.0 

309' 

17.72 

92.0 

5.67 

55.4 

56.1 

3.10 

57.0 

63.5 

70.0 

70 

62.5 

69.5 

67.5 

63.0 

.30.0 

18.26 

02.0 

5.67 

56.3 

5S.1 

3.15 

53.0 

64.0 

70.0 

72 

(53.0 

69.5 

70.0 

04.0 

26.0 

21.08 

92.5 

5.64 

.57.2 

.50..0 

3.20 

52.0 

65.0 

71.0 

72 

(U.5 

70.0 

74.0 

6.S.0 

25.8 

22.1 

,87.0 

5.90 

5.S.1 

60.8 

3.25 

48.0 

67.0 

71.5 

79 

6(!.0 

71.5 

75.0 

71.5 

28.0 

19.56 

91 .5 

5.73 

,50.0 

61.7 

3.30 

59.5 

62.5 

70.0 

m 

61.5 

70.0 

(H.O 

50.0 

31.1 

17.61 

04.5 

5..51 

.50.9 

62.6 

3.35 

60.0 

62.5 

70.0 

()(! 

61.0 

69.5 

61.0 

.58.0 

26.4 

20.78 

93.0 

5.61 

.50.0 

02.6 

3.40 

m.o 

62.0 

70.0 

»;4 

60.5 

69.0 

60.5 

57.0 

27.0 

20.3 

91.0 

5.725 

,50.9 

62.6 

3.45 

00.0 

62.0 

70.0 

64 

60.0 

co.o 

.59.0 

.57.0 

26.S 

20.45 

S8.fi 

.5..'i,8 

.W.O 

63.6 

3.50 

60.0 

61.5 

70.0 

61 

00.0 

69.0 

59.0 

.55.5 

27.5 

lO.JM 

85.0 

0.14 

50.9 

62.6 

3..55 

60.0 

61.5 

70.0 

61 

60.0 

60.0 

59.0 

55.0 

27.0 

20.3 

87.0 

5.99 

50.9 

63.6 

4.00 
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Dehumidifying 


TEST  4.— FEB.  IG,  1922 

Barometer  =  29.51    inches. 
Dry  kata  factor  =;  521. 
Wet  kata   factor  —  548. 


Relative    H 

UMIDITV 

Tank 

ivata  Thermometers 

Exhaust   Air 

Time 

Tempeia- 
ture 

Motor 

Sling 

1 
Hair 

Sees. 
\V. 

1 

1  CboliF'ir 

1      Power 

Seep. 
I>. 

1  Cooling 
1  Power 

W. 

D. 

°F. 

W. 

n. 

7. 

\v. 

D. 

% 

1 
% 

P.M. 

32 

71.5 

77.5 

74.5 

70.5 

77.0 

72.0 

79.5 

2S.0 

19.58 

98.5 

5.29« 



4.33 

32 

6S.0 

75.0 

70.0 

67.0 

74.0 

69.0 

68.0 

29.5 

18.58 

95.4 

5.47 

45.5 

47.3 

4.38 

32 

(-.7.5 

75.0 

6.S.0 

60.5 

74.5 

65.5 

62.0 

30.0 

18.27 

103.5 

5.04 

44.6 

46.4 

4.43 

32 

0(5.5 

76.0 

61.0 

06.0 

77.0 

65.0 

57.5 

29.5 

18.58 

110.0 

4.74 

45.5 

47.3 

4.48 

32 

65.0 

75.0 

58.0 

64.0 

74.0 

58.0 

54.0 

27.5 

19.23 

92.3 

5.65 

45.5 

47.3 

4.53 

33 

63.0 

73.5 

55.5 

61.0 

71.5 

54.5 

49.5 

26.0 

21.07 

98.5 

5.29 





4.58 

35 

63.5 

70.0 

50.0 

62.0 

75.5 

49.5 

46.5 

27.0 

20.1 

117.0 

4.455 

45.5 

47.3 

5.03 

32 

63.0 

76.0 

48.0 

63.0 

76.0 

44.0 

44.0 

25.0 

21.9 

108.0 

4.,83 

46.4 

47.3 

5.08 

32 

02.5 

75.5 

47.5 

61.5 

76.0 

43.0 

42.5 

24.5 

22.37 

106.0 

4.92 





5.13 

32 

02X) 

70.0 

44.0 

61.0 

76.0 

41.0 

40.5 

27.0 

20.27 

103.0 

5.00 





5.18 

^ 

62.5 

76.0 

4R.0 

61.0 

70.0 

41.0 

40.0 

26.0 

21.0S 

102.0 

5.11 

— 



5.23 

32 

62.5 

75.5 

45.5 

tX).5 

75.5 

40.5 

39.5 

25.1 

21.81 

101.0 

5.10 

— 

— 

5.28 

32 

62.5 

70.0 

46.0 

60.5 

73.5 

40.5 

39.0 

26.8 

20.42 

100.0 

4.91 

42.8 

46.4 

5.33 

32 

62.0 

7B.0 

44.0 

60.5 

76.0 

3».0 

38.0 

24.5 

2a36 

104.5 

4.99 

42.8 

45.5 

5.38 

— 

61.0 

74.5 

45.0 

e:8.0 

73.0 

39.0 

37.0 

23.0 

23.82 

100.0 

5.21 

41.9 

46.5 

5.43 

35 

00.0 

74.0 

43.0 

58.5 

73.5 

39.0 

30.5 

23.0 

23.82 

94.3 

5.54 

41.9 

45.5 

5.48 

37 

60.0 

74.0 

43.0 

5S.0 

73.5 

37.5 

36.0 

22.2 

24.7 

92.3 

5.65 

43.7 

47.3 

5.53 

40 

60.0 

73.5 

44.6 

58.0 

730 

.38.0 

36.0 

23.0 

23.82 

.80.0 

5.86 

46.4 

50.0 

5.58 

45 

60.0 

74.0 

43.0 

39.0 

74.0 

39.0 

37.0 

25.5 

21.5 

96.5 

5.40 

49.1 

52.7 

6.03 

47 

60.5 

74.0 

45.0 

59.0 

74.5 

38.5 

38.0 

25.2 

21.78 

99.5 

5.24 

50.0 

53.6 

6.08 

49 

61.5 

75.0 

45.0 

— 

— 

— 

39.0 

36.3 

20.82 

101.5 

5.14 

51.8 

55.4 

6.13 

50 

61.5 

75.0 

45.0 

— 

— 

— 

39.5 

26.5 

20.7 

102.0 

5.11 

52.7 

56.3 

6.18 

Summary  and  temperature.      Experimental  dem- 

onstrations such  as  these,  in  which  stu- 
From  these  tests  it  will  be  seen  that  a     dents  take  part,  can  easily  be  amplified 
portable    air    conditioning    machine    is     to  include  physiological  studies  on  the 
well    adapted    to    demonstrations     and     effect  of  temperature,  humidity,  carbon 
study  of  variations  in  relative  humidity     dioxide,  etc. 


EXPERIMENTAL  OBSERVATIONS  UPON  THE  RELATION  BETWEEN 
ATMOSPHERIC  CONDITIONS    AND    THE    PRODUCTION 
OF   FATIGUE   IN    MINE   LABORERS 

(Co;t,nur.r> 

A.  J.  OrexXstein,  C.M.G.,  M.D.,  M.R.C.S. 

and 
H.  J.  Ireland,  M.B.E.,  B.Sc,  A.M.I.C.E. 

Johamiesburg,  South   Africa' 

Method  of  Tests  gression  and  finishing  up  again  on  the 

surface.    The  set  of  tests  in  the  re^■erse 

The  methods  proposed  and  adopted  order  was  intended  to  be  a  check  on  the 

were:  effects   of  training  or  practice.      After 

1.  To  register  the  output  of  work  by  this,  comparative  tests,  such  as  tests  of 
suitable  ergometers  under  various  at-  effects  of  rest  and  of  a  meal  during 
mospheric  conditions  to  be  found  on  working  hours,  were  to  be  carried  out  in 
the  surface  and  at  several  places  under-  the  best  and  worst  places  underground, 
ground.  The  same  series  was  intended  to  be  car- 

2.  To  take  an  ergographic  record  of  ried  out  with  a  second  pair  of  natives, 
each  subject  before  and  after  each  day's  and,  if  time  permitted,  with  a  third  pair, 
work,  exhausting  one  small  group  of  to  eliminate  effects  of  individual  idio- 
muscles,  such  as  the  flexor  muscles  of  syncrasies.  As  will  appear  later,  how- 
the  middle  finger  as  previously  ex-  ever,  events  occurred  which  limited  the 
plained,  and  by  this  means  to  estimate  tests  to  one  pair  of  subjects. 

the  degree  of  general  fatigue  produced 

by  the  work.  Choice  of  Apparatus 

3.  To  find  to  some  extent  the  physio- 
logical effects  on  the  subjects,  by  taking  In  the  previous  tests  carried  out  by 
skin    temperature,    body    temperature  the      Sanitation      Department,      Rand 
(by  mouth),  and  loss  of  weight  during  Mines,  there  was  a  good  deal  of  evi- 
part  of  the  tests  at  least.  dence,  such  as  loss  of  weight  and  signs 

4.  Atmospheric  conditions  were  de-  of  fatigue,  to  show  that  the  work  involv- 
termined  by  wet  and  dry  bulb  temper-  ing  the  greatest  expenditure  of  energy 
atures,  by  wet  and  dry  kata-thermoni-  and  production  of  fatigue  was  that  of 
eter  readings,  and  also  by  general  obser-  the  hammer  boy,  and  therefore  an  er- 
vations  as  to  air  motions,  etc.  gometer  on  which  this   class   of  work 

It  was  our  intention  to  have,  say,  two  could  be  registered  was  highly  desirable, 

natives  working  on  ergometers,  and  to  It  was  thought  at  first  that  an  ergom- 

spend,  perhaps,  a  week  in  each  of  four  eter  to   register  work  similar  to  hand 

or  five  different  positions,  commencing  drilling   could    be   made  with   a    very 

on  the  surface  and  progressing  from  the  stout  helical  spring  fixed  at  one  end  in 

best    to  the    worst   conditions    under-  a  rigid  frame,  and  pro\ided  at  the  other 

ground,  then  reversing  the  order  of  pro-  end  with  an  anvil  piece  which  would  re- 
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■ceive  the  impact  of  the  blow  from  the 
jumper;  the  deflection  of  the  spring 
would  give  an  indication  of  the  energy 
in  each  blow — to  be  determined  exactly 
by  calibration — the  deflections  to  be  re- 
corded by  a  pencil  connected  to  the 
anvil  piece  and  bearing  up  against  a 
moving  roll  of  paper.  It  was  found 
after  a  few  trials  that  the  recoil  from  a 
spring  with  a  suitable  deflection  was  so 
great  that  it  made  normal  hammering 
impossible;  and,  moreover,  that  it 
would  be  impossible  to  get  a  smooth 
record  from  a  pencil  attached  to  such  a 
spring.  So  the  spring  method  was 
abandoned. 

Another  method  was  tried  with  bet- 
ter success,  and  was  ultimately  adopted. 
The  ergometer  finally  adopted  is  shown 


in  Figure  4.  A  is  a  steel  disk  about  3/16 
of  an  inch  thick  with  a  boss  B  to  re- 
ceive the  jumper.  This  forms  the  cover 
of  a  shallow  cast  steel  vessel  C  and  is 
clamped  by  a  ring  D  with  bolts.  Vessel 
C  is  connected  by  a  pipe  to  an  engine 
indicator  E;  a  stand-pipe  F  is  joined 
by  a  T-piece  to  the  connecting  piece  at 
the  lower  end  and  to  a  water  reservoir 
G  at  the  upper  end,  a  disk  with  a  small 
orifice  H  about  1/32  of  an  inch  in  diam- 
eter being  interposed  in  the  stand-pipe 
a  few  inches  from  the  lower  end.  The 
whole  was  filled  up  with  boiled  water, 
the  air  escaping  from  a  plug  J  in  the 
steel  disk.  K  is  a  tripod  frame  fitted  with 
a  tube  to  guide  the  jumper.  When  a 
blow  from  the  hammer  is  communi- 
cated by  the  jumper  to  the  disk,  the  lat- 
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ter  is  deflected  inward  to  the  vessel  and 
an  impulse  accompanied  by  displace- 
ment passes  along  the  pipe  to  the  indi- 
cator, the  piston  of  which  is  displaced 
upward  by  an  amount  depending  on  the 
violence  of  the  hammer  blow.    There  is 


shows  the  general  arrangement  with  the 
position  of  the  native. 

Figure  6  shows  a  sample  of  the  record 
taken.  The  whole  line  including  the  re- 
bound was  utilized,  as  this  gave  not 
only  greater  amplitude  but  better  defi- 


FiG.   5. — General   arraiifienjeut   of  hammpr  dynaniomet^^r  with  position  of  native. 


a  rebound  of  the  disk  and,  consequent- 
ly, of  the  indicator  piston ;  then  they 
both  reach  equilibrium  again  in  a  small 
fraction  of  a  second.  As  the  piston  takes 
a  small  film  of  water  with  it  at  each 
stroke,  this  loss  is  made  up  from  the 
reservoir  G,  which  has  the  additional 
function  of  keeping  a  steady  pressure 
inside  the  machine.  The  small  orifice 
H  prevents  the  impulse  from  the  ham- 
mer disk  from  losing  its  energy  in  the 
stand-pipe.  The  indicator  pencil  is 
lightly  held  by  elastic  bands  against  a 
roll  of  paper  L  moved  by  a  machine  spe- 
cially made  for  the  purpose.     Figure  5 


nition,  the  zero  being  somewhat  indefi- 
nite, especially  as  the  pencil  was  chisel- 


|}^;!!]l>^|)jl:'Vr;i|)!;-fl^:«|!l||!'!;V,!l!ntTl'!'''t''l!||f 


I'^ic.  (i. — Sample  liamnior  ilynanuiinctor  n><or(l. 

edged    to    avoid    frequent    sharpening. 
The  calibration  was  performed  by  drop- 
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ping,  from  various  heights,  a  weight 
equal  to  that  of  the  hammer  used,  ma- 
king at  the  same  time  an  indicator  rec- 
ord. A  curve  was  then  plotted  giving 
the  relations  of  the  indication  to  the 
energy  of  the  blow,  the  latter  being  cal- 
culated from  the  weight  and  height 
through  which  the  weight  fell. 

The  indication  seemed  to  obey  no 
simple  law;  on  simple  theoretical 
grounds,  it  should  have  varied  with 
the  square  root  of  the  energy  of  blow, 
and  this  it  did  approximately.  Momen- 
tum seemed  to  play  some  part,  as  an  8- 
pound  weight  falling  2  feet  did  not  give 
the  same  indication  as  a  4-pound  weight 
falling  4  feet,  though  the  energy  is  the 
same  in  each  case.  The  dead  weight  of 
the  jumper,  and  to  some  extent  of  the 
disk  itself,  would,  of  course,  be  a  factor 
in  the  case.  The  calibration  was  there- 
fore carried  out  with  a  weight  equal  to 
the  hammer  used,  about  4.34  pounds, 
and  with  the  same  weight  of  jumper  as 
was  used  during  the  tests. 

To  prevent  the  stresses  due  to  impact 
from  producing  brittleness  in  the  anvil 
disk  with  danger  of  cracking  and  change 
of  indication,  the  disk  was  changed  and 
annealed  after  being  used  for  a  week,  a 
calibration  being  made  at  the  beginning 
and  end  of  each  week.  The  jointing  ring 
between  the  disk  and  the  flange  of  the 
vessel  was  also  renewed  every  week. 

Unfortunately,  it  was  found  that  the 
indication  was  liable  to  variation,  due 
to  many  factors  besides  the  energy  of 
the  hammer  blow,  such  as  the  viscosity 
of  the  water  which  varied  with  the  tem- 
perature, the  condition  of  the  jointing 
ring,  any  slight  obstruction  in  the  con- 
necting pipe,  the  presence  of  small  bub- 
bles of  air,  the  friction  of  the  indicator 
piston,  etc.  As  the  indication  was  small 
with  a  strong  spring  in  the  indicator,  a 
light  spring  had  to  be  used  which  made 


the  effect  of  friction  of  the  indicator 
quite  appreciable. 

It  was  only  by  extreme  care  and  at- 
tention that  these  factors  could  either 
be  eliminated  or  kept  constant  during  a 
week's  working  tests  and  the  calibra- 
tions, and  as  the  observer  had  his  at- 
tention fully  occupied  in  taking  readings 
during  the  tests  and  attending  to  the 
recording  machine,  etc.,  it  is  not  sur- 
prising that  errors  crept  in,  which  ren- 
dered a  day's  or  even  a  week's  tests 
utterly  unreliable,  and  consequently 
necessitated  the  discarding  of  the  re- 
sults. 

Another  drawback  to  this  form  of 
ergometer,  which  would  apply  to  any 
form  of  machine  registering  hammer 
blows,  is  the  fact  that  it  has  to  withstand 
the  shock  of  over  14,000  heavy  blows 
each  working  day;  consequently,  its 
construction  has  to  be  very  robust  and 
it  must  be  bolted  firmly  to  a  solid  foun- 
dation. The  setting  up,  dismantling 
and  calibrating  of  this  machine  each 
week  occupied  a  considerable  amount 
of  time  so  that  it  was  possible  to  get 
only  four  working  test  days  each  week. 

The  second  ergometer,  or  "rotary" 
machine,  was  essentially  a  band-brake 
dynamometer  driven  like  a  winch.  Fig- 
ure 7  shows  a  section  of  this  machine. 
A  is  the  brake  pulley  driven  through  the 
spur  gearing  B  from  the  driving  crank; 
C  is  a  leather  belt  hung  over  the  pulley. 
In  order  to  eliminate  the  errors  and  the 
trouble  of  reading  a  spring  balance  on 
the  light  tension  end  of  the  belt,  weights 
\V  and  w  were  used,  one  on  each  side, 
and  the  equilibrium  of  the  belt  obtained 
by  making  the  friction  self-adjusting. 
This  feature  was  obtained  by  studding 
one-half  of  the  belt  with  metal  rivets, 
the  heads  projecting  inside  and  making 
contact  with  the  pulley  instead  of  the 
belt.     If  the  friction  was  too  great,  the 
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belt  was  pulled  over  more  onto  the  riv- 
etted  portion,  the  friction  being  thereby 
decreased;  if  the  friction  was  too  small, 
the  belt  automatically  slipped  back, 
making  more  leather  contact  with  con- 
sequent increase  in  friction.  To  avoid 
having  to  correct  for  variations  due  to 


by  a  light  band  of  cotton  webbing  E.  A 
revolution  counter  on  the  driving  spin- 
dle completed  the  essentials  of  the  ma- 
chine. The  machine  was  fixed  in  posi- 
tion by  clamping  to  a  post  shown  at  F. 
The  observer  had  only  to  note  the 
weights  and  to  take  periodical  readings 


-KdtJirv    cr.i.'oiiu'tor. 


the  position  of  the  belt,  the  latter  was 
balanced,  little  lead  weights  being  at- 
tached on  the  outer  surface  of  the  un- 
rivetted  portion  to  balance  the  weight 
of  the  rivets,  the  ends  of  the  belt  being 
laced  together  underneath  as  shown  at 
D,  and  the  weights  W  and  w  suspended 


of  the  revolution  counter.  Every  revo- 
lution represented  so  much  w'ork  done 
for  a  certain  net  pull  on  the  brake  pul- 
ley, or  for  a  certain  diiference  in  the 
weights. 

The  machine  was  calibrated  by  sub- 
stituting for  the  dri\-ing  crank  a  narrow 
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wooden  pulley  of  the  same  radius,  and 
driving  the  machine  by  pulling  a  cord 
off  this  driving  pulley,  the  pull  being 
read  on  a  spring  balance.  The  calibra- 
tion followed  very  closely  the  ordinary 
straight  line  law  for  machines  giving 
mechanical  advantage : 


wooden  post.  The  advantages  of  this 
machine  are  its  simplicity,  accuracy,  ro- 
bustness, reliability,  the  very  little  at- 
tention it  requires,  and  the  ease  with 
which  results  can  be  computed.  It  does 
not  have  to  withstand  hea\-}-  strokes  like 
the  hammer  machine.    The  winding  ac- 


FiG.  8. — General  view  of  rotary  ergometer  with    native 


P  =  a  (W  -  w)  +  b 
where  P  =  force  at  driving  handle 

W  and  w  are  the  large  and  small 

weights 
a  and  b  are  constants 

Figure  8  gives  a  general  view  of  this 
machine  with  operator,  and  shows  the 
method  of    fixing    the  machine    to    a 


tion  is  much  less  wasteful  of  human 
motion  and  energy  than  the  hammering 
action,  hence  the  results  follow  more 
closeh'  the  human  energy  expended. 
Care,  however,  has  to  be  exercised  in 
determining  the  weights  to  give  approxi- 
mately the  "optimum  effort  and  speed." 
The  drawbacks  of  the  machine  are  that 
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it  does  not  give  a  continuous  record,  the  recording  machine  used  in  the  ham- 
that  it  measures  work  of  a  purely  un-  mer  machine,  and  is  on  the  same  princi- 
skilled  nature,  and  may  not  give  a  cor-  pie  as  Mosso's  ergograph.  The  hand 
rect  estimate  of  capacity  for  doing  work,  and  arm  are  laid  on  a  board  A  covered 
such  as  hand  drilling,  where  skill  is  of  with  felt,  the  index  and  third  fingers 
considerable  importance.  being    placed  in  straps    C  to    prevent 


Fig.  9.— FiiiKei- 

The  advantages  of  the  hammer  ma- 
chine over  the  rotary  machine  are  that 
it  gives  a  complete  record  of  the  day's 
work,  the  energy  of  each  blow,  and  the 
rate  of  blows,  and  shows  up  any  varia- 
tion throughout  the  test  and  any  pauses 
due  to  fatigue  or  muscle  stiffness ;  fur- 
thermore, it  simulates  very  closely  hand 
drilling,  the  type  of  work  which  causes 
the  greatest  amount  of  fatigue.  The 
work  being  semi-skilled,  it  brings  in  the 
nervous-control  factor  which  is  affected 
by  fatigue,  thus  producing  bad  hitting 
or  even  missing,  etc.  The  computation 
of  results,  however,  unlike  the  computa- 
tion with  the  rotary  machine,  was  a 
long,  tedious,  eye-straining  and  labori- 
ous process. 

The  finger  ergograph  adopted  is 
shown  in  section  in  Figure  9.  It  was  de- 
signed to  be  used  in  conjunction  with 


ertrogrnpli. 

movement,  and  the  middle  finger  being 
inserted  in  a  metal  clip  B  which  is  at- 
tached by  cords  E,  E  to  a  weight  F.  To 
bring  the  mo\-ements  well  within  the 
scope  of  the  paper  roll  used  for  the 
hammer  machine,  the  movement  of  the 
weight  was  reduced  by  a  2  to  1  pulley 
gear  G.  The  pencil  attachment  H  is  fixed 
to  the  weight  and  pressed  against  the 
paper  roll  J.  K  is  simply  a  jockey  pul- 
ley to  alter  the  direction  of  the  pull  of 
the  cord,  and  L  is  a  rubber  buffer  to  re- 
cei\-e  the  weight  as  it  comes  down  after 
each  stroke.  Figure  10  gives  a  picture 
of  the  ergograph  with  the  subject's  hand 
in  position. 

At  first,  a  machine  was  used  in  which 
the  hand,  all  but  the  index  finger,  was 
clasped  in  a  vertical  plane,  the  index 
finger  being  moved  in  the  same  plane 
raising   a   weight.     This   machine  was 
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very  light  and  convenient  in  some  ways, 
but  the  action  of  moving  the  index  fin- 
ger away  from  the  other  fingers  is  one 
over  which  there  is  not  good  control  and 
which  requires  more  mental  concentra- 
tion and  intelligent  use  than  the  flexing 
of  the  middle  finger.  It  should  be  ex- 
plained here  that  to  make  the  ergo- 
grams  strictly  comparable,  the  maxi- 
mum effort  of  which  the  muscles  are 
capable  should  be  exercised  at  each 
movement,  and  it  was  difficult  to  get  the 


joints,  the  knuckle  giving  the  most  trav- 
el and  requiring  most  effort,  the  next 
joint  of  the  finger  giving  less  travel  and 
less  effort,  and  the  first  joint  of  the  fin- 
ger giving  very  little  motion  indeed.  The 
tendency  of  the  native  was  to  make  the 
motion  one  chiefly  from  the  middle 
joint  which  required  much  less  effort 
and  which  produced  much  less  fatigue 
— a  movement  which  the  subject  was 
sometimes  capable  of  carrying  on  indefi- 
nitely.    Moreover,  it  was  impossible  to 


I'^G.   10. — Ergograph     with     sul)jt>ct'.s     luuul 


ixisitiiin. 


natives  to  appreciate  that  this  was 
wanted.  A  set  of  muscles  not  well  con- 
trolled requires  much  more  mental  con- 
centration to  give  the  maximum  effort. 
Hence  the  type  of  machine  in  which  the 
middle  finger  was  flexed  was  afterwards 
adopted,  and  gave  better  results.  Even 
this  machine,  as  experience  has  taught 
us,  is  open  to  grave  objections,  especial- 
ly when  used  with  natives.  With  intel- 
ligent men,  good  results  can  be  obtained 
when  the  jnuscles  are  properly  flexed. 

It  will  be  noted  that  in  flexing  the 
middle  finger  there  are  three  joints  in- 
volved— the  knuckle  joint  and  two  oth- 
ers on  the  finger  itself.  In  proper  use 
■of  this  ergograph  the  maximum  effort 
and  travel  should  be  made  bv  all  three 


distinguish  from  the  ergogram  whether 
the  later  movements  were  partial  move- 
ments of  all  three  joints  or  more  or  less 
complete  movements  of  the  middle 
joint.  The  investigators  would,  if  car- 
rying out  a  similar  investigation,  make 
radical  changes  in  the  ergograph,  and 
would  restrict  the  movement  to  one 
joint  only.  Electrical,  instead  of  volun- 
tary stimulation  of  the  muscles  would, 
of  course,  have  eliminated  the  variations 
due  to  lack  of  concentration,  etc.,  but 
the  apparatus  required  is  expensive, 
complicated,  and  not  suitable  for  the 
conditions  underground.  For  these  rea- 
sons fatigue  was  estimated  not  only  by 
ergograph  but  by  observation  of  physi- 
cal signs,  falling  off  in  rate  of  work,  etc. 
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Subjects  of  Test 

The  nath^es  were  chosen  for  us  by 
Mr.  Deakin,  Underground  Native  Su- 
per^'isor,  Village  Deep  Mines,  to  whom 
was  explained  what  qualities  were 
wanted,  and  who  interpreted  to  the  na- 
tives what  they  were  required  to  do.  We 
are  indebted  to  Mr.  Deakin,  not  onh' 
for  procuring  suitable  natives,  but  also 
for  helping  on  several  occasions  to  make 
explanations  to  them  and  to  encourage 
them  to  work  steadily  and  cheerfully. 

The  hammer  boy  was  a  Xosa,  about 
40  years  of  age,  tall,  well  formed  and 
strong,  with  finely  developed  muscles. 
He  possessed  alertness,  intelligence  and 
initiative  well  above  the  average  native. 
His  average  net  weight  was  about  10^ 
stones.  He  was  a  splendid  worker  and 
well  trained  in  the  use  of  the  hammer 
and  jumper.  His  tendency  was  to  keep 
up  a  steady  rate  of  hammer  blows  with 
almost  clock-like  precision  at  a  rate  of 
about  61  to  63  blows  per  minute,  the 
energy  of  the  blow  only  falling  off  when 
considerable  fatigue  or  discomfort  set 
in. 

The  rotary  bo}'  was  a  Basuto,  aged 
about  35  years,  short  and  sturdy,  with 
an  average  net  weight  of  about  8-^ 
stones.  He  was  of  rather  low  intelli- 
gence, somewhat  dreamy,  and  without 
initiative 

Both  boys  were  fresh  from  a  six 
months'  holiday;  they  were  free  from 
disease,  and  had  no  sickness  during  the 
period  of  tests;  they  seemed  to  be  of 
steady,  regular  habits,  and  only  on  few 
occasions  did  their  condition  seem  to  be 
affected  by  incidental  factors  outside  of 
the  working  hours.  They  lived  in  the 
compound  and  had  the  same  rations  as 
the  other  natives.  They  usually  left  the 
compound  about  6  a.m.  and  returned 
there  about  3  p.m.    After  some  prelim- 


inary tests  and  consultation  with  mine 
officials  familiar  with  the  work  of  the 
natives,  it  was  considered  that  four 
hours  of  continuous  work  at  full  capac- 
ity was  at  least  as  great  as  the  average 
work  performed  in  actual  mining,  and 
this  work  period  was  adopted.  The  ob- 
ser\-er,  native  attendant,  and  test  sub- 
jects usually  went  underground  from 
7  to  7.30  A.M.,  and  after  ergograph  read- 
ings, uncovering  and  preparation  of  ap- 
paratus, etc.,  work  was  generally  com- 
menced between  8  and  9  a.m.  The  test 
days  were  usually  Tuesday  to  Friday^ 
Saturday  and  Monday  being  required 
for  calibration  and  changing  the  outfit 
to  another  station. 

Working  Stations 

The  stations  were  chosen,  after  kata- 
thermometer  readings  had  been  taken  in_ 
several  places,  with  a  view  to  giving- 
wideh'  different  values  of  cooling  power, 
consistent  with  convenience  of  access,. 
etc.,  and  non-interference  with  mining 
work  going  on,  also  at  sufficient  dis- 
tance from  any  blasting  operations.. 
The  positions  chosen  were : 

Surjace 

1.  Cable  shed  in  store  yard. 
Underground 

2.  19    Station    near   Turf   Shaft,    depth.- 
4, .5.50  feet  below  datum  level. 

.3.     Stope    J.    20    (disused)    dejith    about 
4, .500  feet,  75  feet  from  station. 

4.  23   Drive   East   at    blind   end.    depth 
5,125  feet,  2,500  feet  from  station. 

5.  24   Drive   West   at   blind   end,  depth 
5,260  feet,  2,.500  feet  from  station. 

Depths  are  given  below  datum  level 
which  is  6,000  feet  above  sea  level. 

Results  of  Tests 

Table  3  gives  the  cooling  power 
(wet  and  dry),  the  wet  and  dry  bulb 
temperature  readings,  output  of  work 
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of  hammer  and  rotary  machines,  notes 
on  fatigue,  clothing,  and  condition  as  to 
perspiration,  for  the  whole  series  of 
tests.  Figure  11  presents  the  output  and 
"kata"  readings  in  diagrammatic  form. 
Table  4  gi\-es  the  weight  lost,  and  mouth 
and  skin  temperatures  during  a  part  of 
the  series,  including  the  worst  and  best 
conditions ;  the  values  of  cooling  power 
are  repeated  for  near  reference. 

Figure  12  consists  of  typical  curves 
showing  the  rate  of  output  of  the  rotary 
machine  during  the  working  period. 
Figure  13  gives  outline  curves  of  typical 
finger  ergograms  taken  before  and  after 
work  in  \'arious  working  stations.  At- 
tention is  drawn  to  the  fact  that  in  19 
Station  (the  best  working  place  under- 
ground)   the   areas   of  ergograms   per- 


the  end  of  the  four-hour  working  period 
at  this  station,  especially  in  the  case  of 
the  hammer  boy,  seems  to  confirm  this. 

Due  to  irregularity  of  work  diagrams 
or  calibration  curves,  for  which  there 
were  several  causes,  a  large  proportion 
of  the  figures  of  output  of  the  hammer 
machine  have  had  to  be  discarded  as 
unreliable.  This  was  most  unfortunate, 
as  this  machine  was  by  far  the  more  ex- 
pensive, not  only  in  first  cost  and  up- 
keep, but  in  attention  required  and 
trouble  caused;  moreover,  the  hammer 
boy  was  the  better  and  steadier  worker 
of  the  two,  and  his  output  in  the  hotter 
places,  when  he  showed  such  great  fa- 
tigue, would  have  been  valuable  infor- 
mation. 

It  should  be  noted  that  the  figures  of 


BlG.  11. — Curves  showiiif;  output  of  luimmer  aud  rotai-y    mnclilues    and    Uata-tlionuometer    readings 

for  work  period. 


formed  after  work  are  larger  than  those 
performed  before  work,  indicating  that 
in  these  cases  there  was  little  or  no  fa- 
tigue produced  in  the  working  period. 
The  fact  that  there  was  little  (in  some 
cases  no)  diminution  in  output  toward 


output  of  the  rotary  machine  for  the 
first  tests  on  the  surface,  although  giv- 
ing accurately  the  actual  work  done,  do 
not  give  a  fair  measure  of  the  native's 
capacity.  The  observers  were  somewhat 
misled  bv  his  look  of  languor  and  mis- 
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took  it  at  first  for  fatigue,  and  conse- 
quently did  not  load  up  the  machine 
sufficiently  to  test  the  native's  capacity. 
Also,  during  the  5th,  6th  and  8th  of  Oc- 
tober in  24  Drive  West,  the  output  is 
low  for  a  similar  reason.  In  this  case 
the  belt,  which  had  become  tacky,  was 
cleaned  by  soaking  in  paraffin,  with  the 


11  which  is  its  diagrammatic  equiva- 
lent, one  of  the  first  things  to  strike  one 
is  the  disparity  of  the  outputs  of  ham- 
mer and  rotary  machines.  It  is  well 
known  that  hammering,  whether  by  en- 
gine or  human  power,  is  a  very  ineffi- 
cient "Operation,  there  being  a  great 
absorption  of  energy  by  molecular  fric- 


T.\BLE    4.— LOSS   OF   AYEIGHT,    AND   SKIN   AND    MOl'TH   TEMPERATURES   DURING   TESTS 


Date 

] 
Position 

Cooling 
Power 

Lo.s 
Wei 

of 
-'ht 

_Skin 
Temperature ' 

Mouth 
Temperature ' 

Dry 
"Kata" 

Wet 
"Kata" 

H.B. 

R.B. 

H.B 

R.B. 

H.B. 

R.B. 

Sept.  10 

24  Drive  W. 

1  32 

4.35 

lbs 
6  44 

lbs. 
6  88 

°F. 
94.6 

°F. 
94  6 

°F. 
97.8-100  1 

°F. 
97.7-100.5 

"     21 
•'     23 

23  Drive  E. 

2.08 
2  32 

2.07 

7.32 
7   1 
7  04 

5  0 
4  44 

4.81 

5,88 
5  44 
5  5 

92  5 
91   4 

91  8 

92  9 
91  8 
91.6 

97.9-  99  4 
97  8-  99  2 
97.9-  99  4 

98  0-  99  5 
97.7-  99  4 
98.1-  99.6 

Oct.      5 
"        6 

8 
••        9 

24  Drive  W. 

1  (i.5 

1  92 
1.98 

2  04 

5  56 
6.58 
6.66 

7.58 

5  5 
5.625 
5.125 
5.25 

6.19 
5  56  3 

4.75-' 
4.81 

93  6 

94  8 
96  0 
9    .1 

94.6 
93  2 
95.0 
95  2 

97. 5-  99.6= 

97  2-  99  1 

98  2-  99.1 
97.4-  99.4 

97.8-  99  8 
97.6-  99.0 
98.3-  99.0 
97.0-  99.2 

'•      14 
"     15 
"     16 

Stope  J.  20 

3.32 
3  11 
3  44 

11  0 

10  7 

11  0 

3  81 

4  31 
3  88 

3.69 
3  5 
3.69 

90  3 
89,6 
90  3 

91  5 
89  8 
90.8 

97.7-  98  6 
98.4-  98.4 
98.0-  98.5 

97  9-  98  4 
98.0-  98.7 
98.4-  98  7 

"     20 
•'     21 

19  Station 

4  9 
5.1 

14  0 
13  7 

2.3P 
1.44 

2.44 
2.0 

90.5 
91  0 

89.6 
91.7 

98.0-  98.5 
98.2-  98.3 

98.2-  98  7 
98.0-  98  4 

Nov.     1 
"       2 
"       3 
"       4 

Surfaee 

4  6 
4  0 
4   12 
4  22 

21.0 
20  0 

17  6 

18  .= 

5.19 
3  31 
3  125 
3  19 

4  5 

3  81 

4  125 
4   19 

93  2 
92  5 
92  8 
92  7 

95  2 
95.0 
95  0 
94.7 

97.8-  97  4 
97.5-  97  8 
97.4-  97.2 

98.0-  98.8 

97.5-  98.2 

97.6-  98. C 

'  Skin  temperatures  were  taken  on  the  cheek  about  half-time.  Mouth  temperatures  were  taken  before  commencing 
and  after  stopping  work,  the  first  on  the  surface  or  foot  of  the  shaft,  the  last  in  the  working  place  after  stopping  work. 

2  Mouth  temperature  of  observer  A.  G.  (white  man)  rose  to  99.3°  F.  after  two  and  one-half  hours.  On  the  28th, 
mouth  temperature  of  observer  A.  G.  rose  to  99.7°  F.  after  two  and  one-half  hours,  and  he  lost  1  pound  and  8  ounces 
in  weight  in  five  hours. 

'  Native  attendant  lost  2.81  pounds. 

'  Native  attendant  lost  2.44  pounds. 

'  This  'n<hides  urination. 


result  that  the  friction  was  too  small, 
and  was  incapable  of  supporting  more 
than  about  a  third  of  the  optimum 
weight.  When  this  defect  was  remedied, 
the  work  output  rose  from  201,000  to 
.301,500  foot-pounds,  which  latter  figure 
should  be  taken  as  approximately  the 
correct  output. 

On  examination  of  Table  3,  or  Figure 


tion  in  the  parts  giving  and  receiving 
the  blow;  moreo\er,  considered  from, 
the  point  of  view  of  physical  energy, 
the  action  of  wielding  a  fianimer  is  a 
most  inefficient  one. 

With  regard  to  the  amount  of  work 
capable  of  being  performed,  it  is  stated 
in  some  engineering  pocket  books  that 
a  man  can,  by  winding  a  winch,  per- 
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form  work  at  the  rate  of  4,500  foot- 
pounds per  minute  for  a  period  of  eight 
hours.  This  refers,  of  course,  to  a 
hardened  white  laborer  in  the  open  air 
at  sea  level.  On  one  occasion  at  19 
Station,  the  rotary  boy  made  an  aver- 


underloaded,  consequently  the  output 
was  much  below  the  boy's  normal  ca- 
pacity. By  the  time  the  surface  tests 
were  being  repeated,  the  weather  had 
become  warm  and  an  opportunity  of 
carrying  out  tests  on  the  surface  with  a 


CUffVES    SHOWING    FfRTE:  OF 
DURING    WORMING    PERIOD 


9li     9  JO    9  'fS  /J  O 


S    II  30   HI'S  ISO    12 '\5     ia30  IS^9S  /  OHM. 


Fig.    12. — Typical    cmve.s   showing    rate    of    output  ilurinj:  worlvinK  period. 

age  of  4,600  foot-pounds   per   minute,  high  cooling  power  did  not  again  pre- 

but  ne\-er  repeated  this  output.    It  was  sent  itself. 

unfortunate    that    during    the   surface         Attention  is  drawn  to  the  variation 

tests   in   June,  when  the  weather  was  of  the   output   of  the   rotary   machine 

cold,  the  rotary  machine  was  very  much  with  the   atmospheric  conditions.     At 
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first,  in  23  Drive  East,  the  output  was  rotary  and  hammer  outputs  may  be 
high,  but  after  a  few  weeks  in  that  place  judged  by  the  fact  that  taking  the  last 
and  24  Drive  West,  the  output  fell  con-     series   of  ordinary  tests    (November   1 


JURFfiCE. 


z-^  Nov 


3^^  No 


13  5tation         Io"' No 


IZ*''  No^ 


5  rcP£  J.  20 


is'''Nov 


No.       Full     Lines      represent      E  if<,cc,K/tMs       bepok£     Wokk. 
Dotted      ..  after 


H.B.  -  H>, 


Boy 


R.B.  -  RoT/iKy-  Boy. 


Tyiiicul   linger  ergd.urams 


siderably  and  the  fatigue  induced  was 
very  great.  There  was  e\'ery  sign  that 
this  was  also  true  of  the  hammer  ma- 
chine. This  was  before  the  summer  had 
set  in.    The  correspondence  between  the 


to  December  3)  the  ratio  of  outputs  in 
the  worst  place  and  the  best  place  was, 
in  the  case  of  the  rotary  machine,  0.637 
to  1,  and,  of  the  hammer,  0.64  to  1. 
In  the  next  series  of  tests  in  24  Drive 
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West  (November  23  to  December  3) 
the  output  of  the  rotary  machine  had 
risen  considerably,  although  the  cool- 
ing power  had  fallen  from  its  previous 
average;  moreover,  the  fatigue  induced 
was  not  nearh'  so  great.  It  has  been 
suggested  that  this  may  be  due  to  prac- 
tice, though  increase  due  to  practice  is 
not  shown  in  the  output  in  19  Station, 
either  in  the  series  of  November  9  to  12 
or  in  the  last  series  (December  21  to 
23),  both  of  these  being  much  lower 
than  in  the  first  series  in  19  Station 
(July  6  to  9). 

We  think  a  more  rational  explanation 
is  that  after  the  weather  had  been  hot 
for  a  considerable  period  the  basal  me- 
tabolism of  the  natives  was  notably  re- 
reduced  and  consequently  less  heat 
produced.  Benedict'  has  found,  on 
tests  carried  out  on  an  athlete,  that  the 
basal  metabolism  in  winter  was  about 
12 J/2  per  cent,  greater  than  that  in 
summer.  Another  Way  of  looking  at 
this  question  is  to  consider  that  in  the 
cold  weather,  for  about  sixteen  hours 
of  the  day,  the  man's  organism  is  trying 
to  maintain  heat  against  the  heavy  heat 
loss,  then  is  subjected  for  several  hours 
to  conditions  in  which  he  has  difficulty 
in  getting  rid  of  heat;  whereas,  when 
the  weather  has  been  hot  for  some  time, 
the  organism  is  continuously  trained  in 
heat  dissipation  and  has  much  less  dif- 
ficulty in  dealing  with  hot  conditions. 
Moreover,  the  blood  becomes  more 
\iscous  in  cold  weather  than  in  hot, 
hence  when  it  has  to  be  pumped  rapidly 
round  the  cutaneous  blood  vessels  in 
an  effort  to  get  rid  of  heat,  the  work 
of  the  heart  is  increased. 

The  decrease  in  output  in  the  best 
place  underground,  viz.,  19  Station, 
ifrom  the  July  series  to  the  November 
series  may  be  partly  accounted  for  by 

'  Keiiedkt.  F.  O. :  Factors  Affecting  Basal  Meta- 
bolism.    Jour.  Biol.  Chem.,  1915,  20,  293. 


decreased  cooling  power  and  partly  by 
the  fact  that  the  vital  energy  of  the  na- 
tives had  somewhat  decreased.  Just 
after  return  from  holiday  they  both 
seemed  in  splendid  form  and  experi- 
enced \ery  little  fatigue,  even  after  per- 
forming large  amounts  of  work.  Thus, 
provided  there  was  adequate  cooling 
power  to  carry  off  the  heat  produced, 
there  was  no  difficulty  in  performing 
large  outputs  of  work. 

In  comparing  the  output  on  the  sur- 
face with  that  at  19  Station,  the  effect 
of  altitude,  which  is  considerable, 
should  be  borne  in  mind. 

The  effect  of  a  period  of  rest  of 
twent}-  minutes  at  half-time  can  be 
estimated  better  by  taking  the  ratio  of 
the  average  amounts  of  work  done  af- 
ter half-time  in  a  series  of  tests  to  the 
total  amount  of 'work  performed  during 
the  four  hours,  and  comparing  this 
ratio  with  the  corresponding  ratio  for 
a  similar  series  without  rest,  rather 
than  by  comparing  the  actual  amounts 
done  after  time  in  the  two  series,  as  in 
the  latter  case  the  condition  of  the  sub- 
jects may  have  varied.  Comparing  the 
series  without  rest  in  24  Drive  West 
(November  23  to  December  3),  the 
ratio  of  work  done  after  half-time  is 
43  per  cent,  of  the  whole;  in  the  cor- 
responding series  with  rest,  the  ratio 
is  41.5  per  cent.,  so  that  in  this  case  the 
rest  shows  no  advantage. 

In  the  best  underground  place,  19 
Station,  the  series  with  rest  gives  a 
ratio  of  46.3  per  cent.,  and  without  rest 
43.3  per  cent.,  showing  a  slight  advan- 
tage due  to  rest.  The  outputs  of  indi- 
vidual days  are,  however,  so  variable 
both  in  total  amount  and  in  the  distri- 
bution of  work  over  the  four-hour  work- 
ing period  that  the  effect  of  rest  is  not 
sufficiently  great  to  swamp  these  vari- 
able factors. 
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In  order  to  demonstrate  clearly  the 
effects  of  simply  stirring*  up  the  air  in 
oppressive  conditions,  a  fan  was  taken 
down,  erected  and  run  on  two  days  af- 
ter the  series  of  tests  in  24  Drive  West. 
The  fan  was  a  case  fan,  with  an  inlet 
12^  inches  in  diameter,  driven  by  a 
water  motor  of  the  Pelton  wheel  type, 
consuming  about  6  gallons  of  water  per 
minute,  with  a  nozzle  of  5/32  of  an  inch 
in  diameter  and  90  pounds  pressure  per 
square  inch.  It  was  erected  at  the  end 
of  the  drive  and  placed  so  as  to  blow  a 
current  of  air,  first  over  the  hammer 
boy,  who  was  10  feet  away  from  it,  and 
then  over  the  rotary  boy,  who  was  7 
feet  further  on.  The  air  volume  is  esti- 
mated at  2,000  cubic  feet  per  minute. 
On  the  first  day,  a  rest  period  of 
twenty  minutes  was  taken  as  in  the  pre- 
ceding series,  the  "kata"  readings  being 
taken  midway  between  tJie  hammer  and 
rotary  boys.  The  output  is  compared 
with  the  average  output  of  the  preceding 
series  and  gives  an  increase  of  46  per 
cent.  On  the  second  day,  no  rest  was 
taken,  two  sets  of  "kata"  readings  were 
taken,  one  at  each  working  boy,  the 
hammer  boy  being  nearer  the  fan  get- 
ting more  cooling  power  than  the  ro- 
tary boy.  The  output  is  compared  with 
the  average  of  the  series  without  rest 
(November  23  to  December  3),  and 
gives  an  increase  of  32  per  cent.  More 
weight,  of  course,  should  be  attached  to 
the  first  comparison,  as  the  tests  fol- 
lowed on  and  were  not  separated  by  an 
intervening  series  as  in  the  second  com- 
parison. 

To  ascertain  whether  the  fan  draught 
had  the  effect  of  raising  any  dust,  dust 
samples  by  sugar-tube  were  taken :  ( 1 ) 
before  the  fan  was  started;  (2)  some- 
time after  it  had  started.  The  results 
were:  (1)  1.2  mg.  per  cubic  meter;  (2) 
0.6  mg.  per  cubic  meter;  showing  that, 
at  any  rate,  there  was  no  raising  of  dust 


by  the  fan.  Both  results  are  ver\'  low, 
and  the  difference  is  within  the  range 
of  experimental  error,  so  that  it  cannot 
be  taken  for  granted  that  the  fan  pro- 
duced a  smaller  dust  content. 

The  figures  giving  loss  of  weight 
(Table  4)  are  interesting,  and,  though 
somewhat  \-ariable,  show  much  greater 
loss  in  the  hot  places  than  in  the  cool. 
The  loss  on  the  surface  is  much  greater 
than  in  19  Station  in  spite  of  (or  per- 
haps on  account  of)  the  higher  wet  cool- 
ing power,  and  is  more  on  a  par  with 
the  loss  in  Stope  J.20,  where  the  cooling 
powers,  both  wet  and  dr}-,  are  lower,  the 
former  much  lower.  The  much  greater 
moisture  evaporation  from  the  respira- 
tory tract  will  partly  account  for  this, 
though  the  evaporation  from  the  moist 
skin  is  also  much  greater  in  a  dry  at- 
mosphere. 

There  is  great  significance  in  the 
values  of  skin  and  mouth  temperatures ; 
the  former  gives  a  very  good  indication 
of  the  effort  to  get  rid  of  heat  by  radia- 
tion and  convection,  and  it  will  be  ob- 
served that  the  values  are  higher  in  at- 
mospheres of  lower  cooling  power.  The 
mouth  temperatures  were  taken  as  an 
estimate  of  body  temperatures.  Al- 
though rectal  temperature  is  a  much 
better  indication  of  body  temperature, 
it  was  not  considered  advisable  to 
adopt  this  method  with  natives.  These 
readings  clearly  indicate  that  in  the  con- 
ditions of  23  Drive  East  and  24  Dri\e 
West,  the  organism  was  not  successful 
in  getting  rid  of  heat  with  consequent 
rise  of  temperature  to  an  excessive  de- 
gree. Readings  taken  in  the  series 
November  23  to  December  3  showed 
similar  rises  in  mouth  temperature, 
such  as  99.6°,  99.9°,  100°  and  100.2"F. 
\Mien  we  came  to  Stope  J.20  with  cool- 
ing power  about  3.3  and  11,  the  tem- 
perature was  maintained  more  nearly 
normal.    In  19  Station  and  on  the  sur- 
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face  there  was  little  indication  of  rise 
above  normal  temperature. 

In  Figure  14  an  attempt  is  made  to 
correlate  output  of  work  with  cooling 
power,  due  to  regard  being  paid  to  acci- 
dental and  unusual  factors.  The  ham- 
mer outputs  in  Stope  J. 20  have  been 
more    or    less    neglected,    as    these    are 


period.  Neglecting  the  surface  readings, 
there  is  a  very  close  correspondence  in 
the  curves  drawn  between  the  wet  and 
dry  cooling  power  values,  the  corres- 
ponding wet  and  dry  readings  of  under- 
ground conditions  giving  practically  the 
same  output  of  work;  for  instance,  a  dry 
cooling  power  of  4  gives  480,000  foot- 
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Fig.    14. — Curves     .sliowiiij;     relation    of    cooling   power   to   output. 


probably  low,  partly  owing  to  the  awk- 
ward posture  of  the  hammer  boy  and 
partly,  as  was  discovered  later,  owing 
to  the  fact  that  he  was  screened  by  a 
timber  pillar  from  the  slight  air  move- 
ment and  had  a  lower  cooling  power 
than  the  readings  give.  Also  the  wet 
cooling  power  on  the  surface,  though 
high,  was  not  accompanied  by  higher 
output  as  the  dry  cooling  power  was 
low.  The  surface  points  are  marked 
"S,"  and  those  for  Stope  J. 20,  "J." 

As  the  outputs  for  the  hammer  for 
part  of  the  series  were  not  available,  the 
rotary  figures  will  be  a  much  better  cri- 
terion of  the  average  for  the  whole  test 


pounds  output,  the  corresponding  wet 
cooling  power  is  11,  which  gives  ap- 
proximateh^  the  same  output,  so  that 
in  estimating  working  efficiency  it  does 
not  matter  whether  we  take  the  dry  or 
wet  cooling  power  curves.  It  is  prob- 
able that  the  working  efficiency  will  in- 
crease with  cooling  power  up  to  8  dry 
"kata,"  but,  not  to  make  the  conditions 
too  rigorous,  we  will  assume  that  work- 
ing efficiency  is  100  per  cent,  at  dry  cool- 
ing power  6.  We  then  get  a  relation 
between  efficiency  and  dry  cooling 
power  as  follows : 

Dry  cooling  power   12       3       4       5         6 
Working;  efficioncv  per  cent. 

\50     60     70     80     90     100 
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The  curve  giving  the  relation  between 
cooHng  power  and  output  will  rise 
more  rapidly  at  the  low  cooling  powers 
and  less  rapidly  as  it  approaches  8  dry 
cooling  power,  making  a  curve  convex 
upwards.  But  it  simplifies  computation 
to  assume  that  it  is  a  straight  line,  and 
the  average  error  in  efficiency  over  a 
range  of  various  cooling  powers  is  small 
and  is  probably  fully  compensated  for 
by  lowering  the  standard  of  cooling 
power  for  100  per  cent,  efficiency. 

In  order  to  form  an  estimate  of  the 
general  loss  of  output  incurred  in  a 
mine  due  to  inadequate  cooling  power. 


a  representative  section  of  a  mine  was- 
chosen  and  "kata"  readings  and  wet 
and  dry  bulb  temperatures  were  taken 
in  sixty-three  different  positions,  thirty- 
six  of  which  were  positions  where  men 
were  working.  The  cooling  powers,, 
estimated  working  efficiency,  number 
of  men,  equivalent  number  at  full  effi- 
ciency, are  tabulated  in  Table  5,  and  the 
overall  efficiency  is  arrived  at  by  divid- 
ing the  sum  of  equivalents  by  the  sum 
of  actual  men  working,  thus : 


Efficiency 


21.5..5 
272 


=  0.79,  or  79  per  cent. 


-COOLING   POWER  .\ND   ESTIMATED   WORKING   EFFICIENCY   IN   DIFFERENT 
MINING   POSITIONS 


No. 

Place 

Cooling  Power 

Working 
Efficiency 

No.  of 
Natives 

Equivalent 
at  Full 

1 

Efficiency 

Wet 

Dry 

% 

1 

Incline 

23.8 

9.24 

100.0 

1 

10 

2 

30  8 

11   25 

100.0 

1 

1.0 

3 

Drive 

8.3 

2.65 

66.5 

5 

3.32 

4 

Slope 

10  5 

3.62 

76  2 

21 

16.0 

5 

11.4 

3.65 

76.5 

17 

13.0 

6 

Drive 

15.3 

4.75 

87  5 

6    . 

5.25 

7 

21.8 

7.4 

100  0 

3 

3.0 

8 

Incline 

15  4 

5  9 

99  0 

1 

0.99 

9 

Drive 

8.6 

2.34 

63  4 

3 

19 

10 

Stope 

16  4 

4.98 

89  8 

22 

19.75 

11 

Drive 

10  25 

3.4 

74.0 

6 

4.44 

12 

Incline 

21.0 

8.1 

100  0 

1 

10 

13 

Drive 

10.5 

3.43 

74.3 

9 

6.68 

14 

Stope 

10.9 

5.12 

91   2 

10 

9  12 

15 

Drive 

14.5 

4.84 

88,4 

25 

22.1 

IG 

Station 

16.4 

6.32 

100  0 

1 

1.0 

17 

Drive 

7.5 

2.0 

60  0 

3 

1.8 

18 

.Stope 

11.1 

3.9 

79  n 

15 

11.85- 

19 

St.it  ion 

35  0 

12.3 

1(1(1  0 

11 

11.0 

20 

Drive 

18  0 

6.82 

1(1(1  0 

•2 

2.0 

21 

Stope 

13.8 

4  11 

SI    1 

>) 

7.3 

22 

Drive 

6.72 

2  46 

(i4  (i 

•i 

1.29- 

23 

Incline 

30.8 

11  5 

100  0 

1 

1.0 

24 

Winze 

9.3 

2  6 

66  0 

,5 

3.3 

25 

Winze 

5.4 

1.48 

54  0 

6 

3.29 

26 

Incline 

26.2 

9  42 

100  0 

2 

2.0 

27 

Raise 

3.22 

0  975 

.")(l  0 

4 

2  0 

28 

Incline 

17.4 

7   1 

Kill  II 

I 

10 

29 

Drive 

7.5 

2   1 

CI    0 

s 

4  HS 

30 

Incline 

18.0 

6.8 

Kill  (1 

1 

1.0 

31 

Drive 

12.9 

3.24 

72  4 

10 

7  24 

32 

Drive 

12.7 

3.2 

72  0 

6 

4.32 

33 

Incline  Bottom 

7.1 

2.17 

61    7 

■:o 

24.68 

34 

Drive 

9  0 

2.93 

(i9  3 

.5 

3.46 

35 

Crosscut 

10.5 

3.8 

78  () 

10 

7.8 

36 

Crosscut 

Total 

8.7 

1.27 

52.7 

9 

4.75 

272 
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It  is  thus  estimated  that  21  per  cent, 
of  output  is  lost  througli  inadequate 
cooling  power.  It  is  not  implied  that 
all  this  loss  is  avoidable  loss,  as  it  may 
be  impossible  to  bring  up  the  cooling 
power  to  the  arbitrary  standard,  but  it 
shows,  at  any  rate,  how  important  it 
is  that  adequate  cooling  power  be  main- 
tained if  at  all  possible.  A4oreover,  this 
loss  is  loss  of  output  only  and  does  not 
include  the  losses  due  to  the  increased 
morbidity  which  must  surely  follow  on 
the  excessive  strain  and  fatigue  asso- 
ciated with  work  in  oppressive  atmos- 
pheres ;  such  losses  would  be  hospital 
charges  and  cost  of  replacing  sick  men. 

It  must  be  borne  in  mind,  moreover, 
that  the  above  estimate  is  based  on  tests 
where  the  native  was  under  continual 
supervision  and  observation,  where  the 
frequent  periodical  reading  of  his  out- 
put, or  attention  to  his  machine  by  the 
observer,  was  a  constant  spur  to  keep 
him  working  up  to  his  capacity.  In  the 
absence  of  such  supervision  it  is  very 
doubtful  whether  he  will  keep  up  his 
best  effort  when  fatigued.  When  work 
is  going  on  in  hot  places,  like  "winzes" 
and  "raises,"  it  is  observed  that  the 
white  miner  goes  into  the  working  place 
as  little  as  possible,  preferring  to  stay 
in  the  cooler  level,  with  the  consequence 
that  there  is  e\-ery  tendency  to  give  the 
nati\-es  inadequate  supervision. 

In  connection  with  the  cooling 
powers  taken  in  the  representative  sec- 
tion referred  to,  some  were  very  low; 
in  one  instance  dry  cooling  was  0.975, 
and  wet,  3.22,  while  in  other  places  the 
wet  cooling  power  was  40.  In  many 
instances  the  working  places  are  ex- 
tremely hot  and  the  waiting  places 
extremely  cold,  the  observer  frequently 
remarking  that  in  returning  from  a  hot 
place  he  was  severely  chilled.  Such  ex- 
tremes of  cooling  power  cannot  but  have 
a  very  prejudicial  effect  on  health  and 


expose  a  man  to  grave  danger  of  severe 
chill,  not  only  of  the  respiratory  mem- 
brane, thus  lowering  resistance  to  bac- 
terial invasion  and  infection,  but  also 
of  the  general  organism,  thus  tending  to 
produce  congestion  in,  let  us  say,  the 
kidneys  or  the  liver.  Such  dangers  may 
ha\'e  a  considerable  influence  on  the 
incidence  of  pneumonia. 

It  has  been  recognized  for  a  consid- 
erable time  that  hot  humid  atmospheres 
tend  to  lower  the  resistance  to  tuber- 
culosis. Pulmonary  tuberculosis  is 
more  prevalent  among  classes  of  people 
who  work  in  such  atmospheres,  and  the 
introduction  of  cooler  conditions  under- 
ground should  do  much  to  diminish  the 
incidence  of  respiratory  disease  and  tu- 
berculosis among  the  mine  workers. 

There  has  grown  up  recently  a  con- 
siderable body  of  informed  medical  and 
other  technical  opinion  that  even  sili- 
cosis is  not  due  to  dust  alone,  but  that 
the  damage  to  the  lungs  is  contributed 
to  by  hot,  oppressive  atmospheric  condi- 
tions and,  perhaps,  by  some  other  fac- 
tors. D.  Harrington  of  the  United 
States  Bureau  of  Mines,  after  four  or 
five  years  of  careful  observation,  seems 
also  to  have  come  to  this  conclusion. 
In  a  paper  read  before  the  Lake  Superior 
Pre\-ention  of  Accidents  Conference  on 
July  23,  1920,  he  says: 


By  far  the  most  dang'erous  condition  is 
that  of  breathing  dusty  air  in  a  hot,  humid, 
stagnant  place  all  day  and  then  going  home 
in  perspiration-satnrated  clothing  through  air 

frequently  many  degrees  below  zero 

The  effectiveness  of  good  ventilation  in  pre- 
venting miners'  consumption  is  illustrated 
by  two  mining  districts  in  the  United  States. 
In  both  districts  the  mines  have  cool  rock  and 
air,  dry  siliceous  ore,  easily  broken  into  fine 
dust,  and  the  miners  work  hard.  In  0)ie  dis- 
trict the  method  of  mining  re  piires  constant 
shooting,  so  the  mines  all  have  moving  cui'rent 
of  air  at  nearly  all  the  working  places;  in 
the  other,  little  or  no  air  is  circulating  at 
working  places.     In  the  former,  miners'  con- 
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.sumption  is  practiculbj  unknown,  in  tlie  lat- 
ter it  is  a  common  disease  (italics  ours). 


Enough  has  been  said  to  show  the 
great  importance  of  efficient  ventilation 
at  working  places.  The  objection  to  the 
usual  ventilation  systems  in  many  of  the 
mines  on  the  Rand  is  that  they  jail 
where  they  are  most  required,  \iz.,  at 
the  working  -places.  One  reason  for  this 
is  the  inherent  difficulty  of  getting  an 
adequate  flow  of  air  from  a  central  ven- 
tilating system  through  stopes,  in 
winzes,  raises  and  the  blind  ends  of  de- 
velopment drives.  The  cross-sectional 
area  of  the  workings  is  xtry  great  com- 
pared with  that  of  the  shaft  and  drives, 
and  a  current  to  give  adequate  cooling 
power  would  require  an  enormous  air 
volume  to  be  drawn  into  the  mine.  An- 
other reason  is  that  the  great  impor- 
tance of  proper  ventilation  is  probably 
not  thoroughly  appreciated,  and  its  bear- 
ing on  efficie?icy  is  also,  perhaps,  not 
altogether  common  knowledge. 

It  is  beyond  the  scope  of  this  report 
to  go  into  the  details  of  methods  of  ven- 
tilation which  are  likely  to  give  satis- 
factory results,  and  in  any  case,  it  is 
probably  beyond  the  capability  of  any 
one  man  to  map  out  a  complete  scheme, 
satisfactory  from  the  point  of  view  of 
good  distribution,  of  cooling  power,  dilu- 
tion of  poisonous  gases  and  dust  con- 
tent and  at  the  same  time  compatible 
with  low  first  cost,  low  maintenance 
charges  and  convenience.  Experiments 
with  various  methods  would  have  to  be 
made,  and  experience  gained — practical 
ideas  would  suggest  themselves  as  proe- 
ress  was  made.  It  will  not,  however, 
be  out  of  place  to  suggest  some  of  the 
lines  along  which  experiment  might 
fruitfully  be  made.  Good  general  dis- 
tribution may  be  helped  very  consider- 
ably by  a  proper  system  of  doors  and 
regulators ;  but  the  best  results  will,  no 


doubt,  be  obtained  by  a  system  of  small 
auxiliary  fans  placed  at  strategic  points, 
augmenting  the  current  in  the  hottest 
places.  This  is  done  very  effectively  in 
one  mine  on  the  Rand  where  there  is  an 
extensive  system  of  auxiliary  fans  dis- 
tributing the  air  and  blowing  it  into  the 
workings,  particularly  the  ends  of  de- 
velopment drives.  In  this  connection, 
it  is  interesting  to  note  that,  according 
to  the  statement  of  the  manager,  the 
dust  content  in  the  workings  is  only 
about  one-third  of  the  general  average 
on  the  Rand,  and  the  carbon  dioxide 
content  is  0.17  per  cent. 

In  order  to  get  adequate  cooling 
power  in  the  stopes,  the  air  current  from 
the  main  circulation,  or  even  from  aux- 
iliary branch  circulations,  may  not  be 
adequate,  and  strictly  local  circulation 
may  have  to  be  adopted.  From  the 
point  of  view  of  power  cost  this  would, 
no  doubt,  be  most  economically  carried 
out,  where  electric  power  is  accessible, 
by  portable  electric  fans  supplied 
through  flexible  cables  connected  to 
plugs  in  the  levels,  with  flexibles  sus- 
pended, let  us  say,  from  hooks  screwed 
into  small  fiber  plugs  in  the  hanging,  the 
fans  and  flexible  cables  to  be  removed 
before  blasting.  As  water  at  high  pres- 
sure is  available  at  the  workings,  an- 
other method  which  might  be  considered 
is  to  have  propellor  fans  dri\-en  by  water 
motors — the  latter  would  probably  have 
a  water  consumption  of  from  1  to  2 
gallons  per  minute.  A  third  suggestion 
which  would  be  quite  effective  would 
be  to  have  hand-driven  portable  fans, 
or,  perhaps  in  suitable  places,  some 
adaptation  of  the  "punkah."  The  loss 
of  mining  work  of  the  natives  driving 
these  appliances  would  be  much  more 
than  made  up  by  the  increased  efficiency' 
of  the  other  workers. 

The  ventilation  of  raises,  winzes  and 
blind  ends  of  drives  has  alwavs  been  a 
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difficult  problem.  We  suggest  that  a 
continuous  circulation  of  air  in  such 
places  should  be  carried  on  during  work- 
ing hours,  either  by  power  or  hand- 
driven  fans  or  by  ejectors — whiche\er  is 
the  most  economical — with  the  aid  of 
canvas  piping.  By  these  means  the  tem- 
perature in  the  working  places  should 
be  lowered  to  approximately  that  of  the 
general  circulation,  and  the  cooling 
power  increased  to  an  adequate  figure 
by  the  local  current  of  air  produced. 

SUATMARY    OF    CONCLUSIONS 

1 .  When  the  cooling  power  of  the  at- 
mosphere is  below  6  units  by  dry  "kata" 
and,  let  us  say,  16  by  wet  "kata,"  the 
working  efficiency  of  a  native  (stripped 
to  the  waist)  falls  off.  In  bad  places, 
where  the  cooling  power  is  only  1.5  units 
(dry)  and  5  (wet)  or  under,  the  average 
efficiency  is  only  about  55  per  cent.,  the 
body  temperature  rises  to  an  undesir- 
able degree  and  extreme  fatigue  may  be 
produced  by  work. 

2.  Working  in  hot  places  is  a  greater 
physical  strain  on  the  worker  in  winter 
than  in  summer. 

3.  It  is  not  advisable  to  put  a  native 
just  back  from  holiday,  or  a  new  re- 


cruit, in  a  bad  place.  He  will  probabh' 
do  better  in  the  hot  place  after  some 
training  in  good  or  moderatel)*  good 
places. 

4.  The  effect  of  a  short  rest  at  half- 
time  is  not  sufficiently  pronounced  to 
make  it  worth  while. 

5.  General  "kata"  readings  in  several 
mines  show  that  workers,  under  present 
conditions,  may  be  subjected  to  ex- 
tremes of  cooling  power  which  may  se- 
\-erely  overtax  their  defensive  mech- 
anism. 

6.  A  small  fan,  with  a  capacity  of 
about  2,000  cubic  feet  of  air  per  minute, 
operated  about  10  to  20  feet  from  the 
worker,  may  increase  the  output  (under 
experimental  conditions)  by  as  much  as 
46  per  cent. 

7.  If  an  a\-erage  native  works  con- 
tinuously underground  at  full  capacity 
for  four  hours,  without  an  unduly  pro- 
longed rest  period,  it  is  apparently  all 
that  he  can  do  efficiently  under  the 
worst  atmospheric  conditions  obtaining 
during  the  experiment.  This  time 
would  probably  be  somewhat  longer  in 
those  places  where  the  conditions  ap- 
proximate those  found  in  19  Station 
during  the  winter — i.e.,  a  dry  "kata"  of 
7  units  and  a  wet  "kata"  of  19  units. 
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Pneumonia.  By  Frederick  Taiilor  Lord.  A. P.., 
M.D.,  Visiting  I'liy.sician,  Massaohusetts  General 
Hospital.  Clotli.  I'll.  lift,  with  title  pages.  Cam- 
liridge  and  New  Yorl< :  Harvard  T'niversity  Press, 
1922. 

This  small  book  is  a  reliable  statement  of 
the  hygienic  and  medical  position  of  pneu- 
monia at  the  present  time.  It  consists  of  the 
material    pi-esented    at    one   of   the    Harvard 


Health  Talks  given  to  lay  audiences  during 
the  past  winter,  and  consequently  can  be 
utilized  as  a  model  for  the  presentation  of 
the  educational  material  to  non-medical 
groups.  Industrial  physicians  and  nurses 
desiring  guidance  in  the  development  of  edu- 
cational campaigns  against  respiratory'  in- 
fections will  do  well  to  avail  themselves  of 
Dr.    Lord's  text. — Cecil   K.  Drinker. 
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DEFINITION     OF    THE    PHYSICIAN    IN    INDUSTRY. 


At  a  recent  meeting  of  the  Conference 
Board  of  Physicians  in  Industry,  the  follow- 
ing definition  of  the  Physician  in  Industry 
was  adopted : 

The  physician  in  industry  is  one  who  app'.ies 
the  i)rineiples  of  modern  medicine  and  surgery  to 
the  industrial  worker,  sicli  or  well,  supplementing; 
the  remedial  agencies  of  medicine  by  the  sound 
application  of  hygiene,  sanitation  and  accident 
prevention ;  and  who.  in  addition,  has  an  ade- 
quate and  co-operative  appreciation  of  the  social, 
economic,  and  administrative  problems  and  re- 
sponsibilities of  industry  in  its  relation  to  society. 

The  discussion  leading  iip  to  the  formula- 
tion of  this  definition  extended  over  several 
months.  The  question  was  viewed  from  all 
angles  and  many  suggestions  were  consid- 
ered for  including  in  the  definition  an  out- 
line of  what  his  duties  and  functions  were. 

It  was  felt,  however,  that  in  order  to 
•avoid  a  complicated  statement  it  would  be 
better  to  include  in  a  definition  only  the 
broad  fundamental  principles  upon  which 
the  work  of  the  physician  in  industry  is 
based,  leaving  to  subsequent  elaboration  the 
finer  details.  It  was  pointed  out  that  the 
definition  adopted  should  emphasize  both  the 
medical  attainments  and  the  industrial  re- 
quirements of  the  physician  engaged  in  this 
work  in  order  to  make  his  duties  clear  both 
to  the  medical  profession  and  to  industrial 
management. 

It  is  assumed  that  the  physician  engaged 
in  industrial  work  is  well  grounded  in  the 
fundamentals  of  medicine  and  surgery.  He 
is,  first  of  all.  a  physician.  It  is  obvious, 
however,  that  this  alone,  while  equipping  him 
for  satisfactory  service  in  private  practice, 
does  not  meet  fully  the  requirements  of  in- 


dustrial work.  In  his  industrial  experience 
he  has,  of  necessity,  to  deal  with  questions 
of  .sanitation,  hj^giene,  and  accident  preven- 
tion as  applied  to  large  numbers  of  people 
working  in  comparatively  close  association. 
Only  by  special  knowledge  of  the  work  in 
hand  ■nill  the  physician  be  able  satisfacto- 
rily to  discharge  his  duties.  His  knowledge 
of  plant  processes,  together  with  the  physi- 
cal examination  of  applicants  for  employ- 
ment and  of  workers  already  engaged,  will 
enable  him  by  judicious  placement  to  reduce 
materially  the  accident  and  morbidity  haz- 
ard and  rate. 

It  must  be  realized  that  many  of  the 
qualifications  for  successful  medical  work  in 
industry  are  of  a  non-medical  nature,  and 
call  for  a  knowledge  of  the  laws  of  social 
and  industrial  economics  and  of  the  admi'i- 
istrative  problems  which  arise  in  the  con- 
duct of  an  industrial  medical  department. 
The  physician  in  industry  must  have  a  clear 
conception  of  the  responsibilities  of  the  in- 
dustry to  its  workers  and  through  them  col- 
lectively to  the  community.  On  the  other 
hand,  he  should  recognize  clearly  the  duties 
of  workers  to  the  industry  in  which  they  are 
engaged.  It  is  an  intelligent  appreciation 
and  consideration  of  these  problems  that 
make  for  the  success  of  the  work  of  the 
physician  in  industry. 

It  is  hoped  that  this  definition  will  tend 
to  remove  misconceptions  as  to  the  work  of 
the  physician  in  industry,  and  establish  his 
position  and  his  work  upon  a  basis  satisfac- 
tory alike  to  the  physician  and  to  the  in- 
dustrial organization. 
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FROM  time  to  time  one  sees  reports 
of  nutrition  experiments  whicli 
have  been  carried  out  in  various  public 
schools,  and  which  prove  beyond  doubt 
that  children  will  gain  in  weight  if 
given  extra  nourishment  between  meals. 
Those  who  have  had  the  opportunity  of 
observing  children  on  such  a  regime 
claim  that  there  is  also  an  increase  in 
the  ability  of  the  child  to  progress  in 
his  school  woi'k,  or,  if  you  please,  an 
increase  in  efficiency.  The  gain  in 
weight  is  a  fact  easily  proven,  whereas 
the  gain  in  efficiency  is  merely  an 
opinion — for  it  cannot  be  accurately 
measured. 

Believing  that  there  is  a  definite  rela- 
tionship existing  between  physical  par 
or,  better,  nutritive  par  and  par  effi- 
ciency, we  set  about  to  prove  this  in  a 
modern  factory  employing  350  women, 
averaging  22  years  in  age.  There  are 
two  reasons  for  believing  that  conclu- 
sions arrived  at  from  this  study  will  be 
more  accurate  than  similar  observations 
among  schoolchildren  would  be :  first, 
the  factor  of  the  growing  individual  is 
practically  eliminated  because  of  the 
physical  maturity  of  the  working  wo- 
man;  and,   second,   because  the  condi- 

*Received  for  publication   March  10,  1922. 
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tions  of  existence  vary  less  from  month 
to  month — that  is  to  say,  there  is  less 
vacation,  less  travel,  and  less  variety 
in  diet  among  this  class  than  is  found  in 
the  life  of  the  child  of  school  age. 

Gkowth  of  the  Idea 

It  may  be  of  interest  to  know  the 
manner  in  which  the  idea  of  making  this 
study  developed.  In  the  early  part  of 
April,  1921,  it  was  our  privilege  to  hold 
"sick  call"  every  noon  in  the  dispen- 
sary of  a  plant  employing  several  hun- 
dred persons,  mostly  girls.  We  were 
impressed  by  the  number  of  workers 
showing  evidence  of  malnutrition,  and 
suggested  that  they  be  given  intermedi- 
ate nourishment.  By  way  of  experi- 
ment, therefore,  several  girls  were  each 
supplied  with  an  8-ounce  glass  of  milk 
at  10  A.M.  and  at  3  p.m.  After  an  ab- 
sence of  four  months  abroad,  we  were 
surprised,  on  our  return,  to  find  a  very 
definite  gain  in  weight  among  the  girls 
who  had  been  taking  this  pint  of  milk 
each  day.  They  looked  better  and  they 
volunteered  the  information  that  they 
were  doing  better  work. 

The  result  of  this  experiment  led  to 
the  belief  that,  if  a  readily  available  and 
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more  potent  nutritious  substance  were 
supplied,  a  greater  gain  in  weight  miglit 
be  expected;  consequently,  it  was  de- 
cided to  go  through  the  factory,  pick 
out  the  girls  who  were  frankly  under- 
nourished, and  give  them  between  meals 
an  8-ounce  glass  of  milk  fortitied  by 
some  form  of  carbohydrate.  At  the  be- 
ginning of  the  study  the  undernourished 
were  divided  into  three  groups;  to  the 
first  group  Ovaltine  was  given,  to  the 
second  group  Horlick's  Malted  Milk, 
and  to  the  last  group  Mellin's  Food,  in 
order  to  test  the  comparative  adapta- 
bility of  these  three  products.  After 
several  weeks  it  was  realized  that  the 
girls  who  were  receiving  extra  nourish- 
ment looked  better  physically  and,  with- 
out exception,  had  gained  weight.  The 
foremen  of  the  plant,  who  had  watched 
this  experiment  with  a  great  deal  of  in- 
terest, were  thoroughly  convinced,  long 
before  we  cared  to  make  any  definite 
statement,  that  these  girls  were  doing 
better  work. 

In  order  to  carry  the  study  further, 
we  decided  to  weigh  every  employee 
and  take  her  standing  height  and  age, 
and,  by  means  of  the  table  prepared  for 
this  purpose,  to  record  the  number  of 
pounds  overweight  or  underweight  in 
each  case.  It  was  found  that  42  per 
cent,  of  the  women  employed  were 
underweight  according  to  the  tables  by 
Friedenwald  and  Ruhrah  (1).  Reali- 
zing that  these  tables  are  only  approxi- 
mations, however,  we  decided  to  give 
extra  nourishment  to  two  different 
groups :  first,  to  those  who  were  at  least 
10  pounds  under  normal  weight;  sec- 
ond, to  all  those  who  returned  to  work 
after  an  illness  or  a  surgical  operation. 
It  then  occurred  to  us  that  it  would  be 
interesting  to  plot  a  curve  of  the  week- 


ly weight,  and  a  similar  curve  of  the 
efficiency  record  of  the  employees  who 
were  doing  piecework.  For  this  pur- 
pose   the    appended    chart    was    used. 

(Fig.  L) 

Explanation  of  Efficiency 

A  word  of  explanation  as  to  how 
these  efficiency  figures  are  obtained 
might  not  be  out  of  place.  A  certain 
machine,  for  example,  moves  at  a  given 
rate  of  speed  which  is  not  too  fast  to 
permit  the  ordinary  w^orker  to  keep  it 
filled  at  all  times.  This  means  that  a 
given  number  of  articles  should  pass 
through  the  operator's  hands  in  one 
hour.  If  the  machine  stops  or  if  any 
other  factors  interfere  ^\T.th  the  proper 
performance  of  the  employee,  through 
no  fault  of  the  employee  herself,  this 
amount  of  time  lost  is  subtracted  and  is 
not  charged  against  efficiency.  An 
operator,  then,  who  keeps  up  with  the 
speed  of  the  machine  has  an  efficiency 
of  100  per  cent.  If  any  of  the  products 
are  damaged  or  broken  by  carelessness 
or  inexactness,  however,  the  efficiency 
figures  are  affected.  In  departments 
where  there  is  no  machine  to  establish 
the  rate  of  production,  there  is  a  theo- 
retical efficiency  fig-ure  based  on  the 
number  of  products  that  several  of  the 
best  workers  can  complete  in  an  hour. 

It  will  readily  be  seen  that  there  are 
many  factors  which  will  influence  these 
efficiency  figures,  and  that  comparisons 
of  this  phase  of  any  two  departments 
will  not  be  accurate.  On  the  whole, 
however,  this  basis  of  calculating  effi- 
ciency, provided  care  is  taken  to  check 
up  each  individual  record,  is  about  as 
accurate  as  one  can  hope  for. 

It  is  fully  realized  that  extraneous 
factors  influence  the  efficiency  of  em- 
ployees, and  will  affect  their  ability  to 
concentrate    and    to    sustain    continued 
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FIGURE  1 


SUPPLEIMBNTAHY  XUTRITION  RECORD 

Xame:    Mary    Smitli.  Department:  Stem. 

Indication   for   administration :    Underweight   and  low  efficiency. 
Xourislimeut  prescribed:    Mellin's  and   Horlick's.     A.M.  10  oz.     P.  M.,  10  oz. 
Initial  weight:  114  lbs.  Date  nourishment  started:   Oct.  10, 

Correct   weight  for   age  and   height:   125  lbs.  Peledisi  %  97. 

Final   Peledisi  %  99. 


Weekly    Record 


PERIOD 

Oct.  10-14 

"     17-21 

■•     24-28 
Nov.    1-4 
7-11 

"     14-lS 

"     21-26 

"     28-Dec.  3 
Dec.   5-10 

'•     12-17 

"     19-23 

"     27-31 
Jan.    3-7 


Daily  Nourishment  Check 
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Total  amount  of  nourishment  taken:  c.c,  34,800;  ounces,  1,160. 


EFFICIENCY  RECORD 


Nature    of    occupation :    Semi-automatic.  perc 

30 
85 

Previous   efficiency    55%  80 

Average   efficiency   of   dept 70+% 

70 

65 

Total    weight    increase 6  lbs.         60 

55 

50 
Total  efficiency  increase 17% 
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applicatiou  to  any  oft-repeated  opera- 
tion. Among  these  factors  the  most 
important  seem  to  be  sickness  in  the 
family,  late  hours,  and  pre-nuptial 
activities;  kind  and  quantity  of  food 
taken  at  home  must  also  be  mentioned. 
Moreover,  native  abihty  must  be  con- 
sidered when  the  efficiency  of  any  two 
operators  is  compared.  It  is  an  undis- 
puted fact,  all  things  being  equal,  that 
one  person  will  excel  in  a  given  task 
because  of  inherent  aptitude,  but  this 
should  not,  we  believe,  account  for  dif- 
ferences of  more  than  from  10  to  15 
per  cent. 

There  is  yet  another  factor  which  in- 
fluences production,  and  that  is  motive. 
For  instance,  a  girl  who  is  supporting 
her  mother  and  small  brother  will  try 
harder  to  have  a  good  income  than  the 
girl  who  is  living  at  home  and  working 
just  for  something  to  do. 

There  is  a  psychological  stimulation 
which  enters  into  any  new  procedure 
among  workers,  and  this  fact  must,  we 
behave,  be  taken  into  consideration  in 
these  observations.  Each  individual  is 
told  the  reason  why  she  is  being  given 
extra  nourishment,  and  at  the  same  time 
it  is  explained  that  one  of  the  results 
following  her  gain  in  physical  strength 
will  be  an  ability  to  produce  more.  Con- 
sequently, when  the  weight  curve  be- 
gins to  ascend,  the  employee  is  con- 
vinced of  the  success  of  the  effort  to 
make  her  better  physically,  and  takes  it 
for  granted  that  she  can  do  better  work. 
The  old  adage  that  "nothing  succeeds 
like  success"  might  be  appropriately 
quoted  here,  especially  since  there  is 
visual  evidence  of  success. 

In  compiling  our  results,  the  actual 
efficiency  figures  arrived  at  by  the  vari- 
ous departments  are  taken  as  they  are 
turned  in.  Notations  are  made  on  each 
chart,  explaining  any  factors,  such  as 


those  cited  in  the  foregoing,  which  in- 
fluence the  efficiency  of  the  worker  in 
question.  At  the  present  time  we  are 
not  prepared  to  make  any  definite  state- 
ment as  to  the  average  gain  in  efficiency. 
Further  investigation  is  being  carried 
on,  however,  and  a  report  vn\l  be  made 
when  more  accurate  data  are  available. 
Meantime,  it  will  suffice  to  say  that  in 
practically  every  case  there  is  a  decided 
increase  in  the  amount  of  work  turned 
out  by  the  underweight  employees  to 
whom  extra  nourishment  is  given. 

Method  of  Procedure 

When  it  has  been  decided  to  give  ex- 
tra nourishment  to  an  employee,  every 
precaution  is  taken  to  eliminate  disease 
as  the  cause  of  her  malnutrition.  Each 
employee  has  previously  had  a  thor- 
ough physical  examination,  so  that  this 
point  is  not  so  important  in  our  plant 
as  in  plants  where  physical  examina- 
tions are  not  the  rule.  Nevertheless,  a 
very  thorough  re-examination  is  made, 
in  which  such  points  as  general  appear- 
ance, color  of  the  mucous  membranes, 
tone  of  the  musciUature  and  skin  are 
noted,  and  a  record  made  of  the  stand- 
ing and  sitting  height  in  centimeters, 
and  of  the  weight  in  kilograms  and 
pounds.  The  urine  is  examined,  espe- 
cially for  sugar.  The  idea  of  the  ex- 
periment is  explained  to  each  employee, 
and  instructions  are  given  to  report  to 
the  dispensary  each  day  at  9 :30  a.m.  and 
at  3  P.M.  It  is  suggested  that  the  nour- 
ishment be  served  from  the  dispensary 
rather  than  from  the  cafeteria,  so  that 
the  procedure  will  seem  more  like  a 
health  measure  than  a  lunch  proposi- 
tion, and  also  so  that  the  medical  staff 
may  liave  an  opportunity  to  observe 
the  nutrition  class  more  closely,  and 
may  be  better  able  to  suggest  variations 
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in  the  kind  and  quantity  of  nourish- 
ment. 

The  basis  of  the  extra  nourisliment 
is  whole  milk  with  a  Sy^  per  cent,  fat 
content.  Unless  there  is  some  contra- 
indication, 10  ounces  are  prescribed  for 
each  feeding.  To  add  to  the  food  value, 
some  form  of  carbohydrate  is  used  with 
the  milk,  such  as  cane  sugar,  lactose, 
Mellin's  Food  or  Horlick's  Malted  Milk. 
Ovaltine  was  used  at  first  but  was  found 
to  be  too  expensive  to  use  in  large  quan- 
tities, although  we  believe  that  it  has 
distinct  merits.  For  patients  who  are 
constipated  Mellin's  Food  seems  to  be 
very  satisfactory,  as  it  is  slightly  laxa- 
tive. Three  level  tablespoonfuls  of 
Malted  Milk  or  Mellin's  Food,  or  ap- 
proximately 1  ounce,  are  added  to  each 
10  ounces  of  milk.  x\ccording  to  the 
manufacturer's  directions,  Mellin's 
Food  should  be  mixed  at  least  two  hours 
before  serving  in  order  that  the  curd 
will  be  softened.  Both  Horlick's  Malted 
Milk  and  Mellin's  Food  are  more  easily 
taken  over  a  long  period  of  time  if  they 
are  slightly  flavored  with  chocolate. 
Various  other  combinations,  including 
a  mixture  of  the  two  foods,  have  been 
prepared  by  our  plant  nurse,  and  have 
had  a  very  satisfactory  taste.  Cane 
sugar  and  lactose  do  not,  for  the  most 
part,  seem  to  be  as  suitable  as  the  dex- 
tromaltoses. 

The  food  value  supplied  by  the  above 
mixture  is  approximately  300  calories 
per  glass  or,  calculated  by  Pirquet's 
table,  480  nems  (the  nem  being  the  food 
value  of  1  c.c.  of  milk).  This  means  that 
those  fortunate  enough  to  be  placed  on 
the  nutrition  squad  are  given  about  one- 
fourth  of  their  daily  food  requirement. 
The  cost  of  such  mixtures,  based  on 
milk  at  30  cents  per  gallon,  is  5  1/3  cents 
per  glass. 


Ninety  per  cent,  of  the  nutrition  class 
take  one  of  the  mixtures,  which  we  have 
mentioned,  without  discomfort.  Occa- 
sionally there  is  a  complaint  of  diges- 
tive disturbance,  but  this  is  usually 
rectified  by  reducing  the  quantity, 
changing  the  food,  or  cutting  down  the 
amount  of  carbohydrate  or  fat.  In 
some  instances  the  intermediate  feed- 
ing interferes  with  the  regular  meal; 
in  these  cases  the  food  can  be  taken  with 
the  meal  and  at  night  before  retiring  if 
the  individual  is  willing  to  buy  it  for 
herself.  (This  has  been  done  with  good 
results  in  several  cases.) 

Our  first  charts  were  prepared  to 
cover  a  twelve-week  period,  and  this 
seems  to  have  been  a  fairly  good  esti- 
mate, as  most  of  the  workers  have  made 
satisfactory  gains  in  that  time,  and 
some  have  reached  normal  weight  in 
even  less  time. 

Reference  has  been  made  to  the  fact 
that  in  the  beginning  of  our  study  we 
recorded  each  employee's  weight  in 
kilograms  and  her  sitting  height  in 
centimeters.  These  figures  are  obtained 
in  order  that  the  system  of  nutrition 
devised  by  Pirquet  may  be  used.  The 
percentage  nutrition,  or  peledisi,  as 
expressed  in  his  tables,  seems  to  us  to 
be  the  most  satisfactory  way  of  ap- 
proaching the  question  of  what  consti- 
tutes normal,  when  speaking  of  nutri- 
tional standards.  Unfortunately,  the 
tables  published  in  this  country  are 
comj^lete  only  to  include  a  sitting  height 
of  90  centimeters.  Comparisons  be- 
tween this  and  other  systems  are  now 
being  made.  Complete  peledisi  tables 
have  just  reached  us  from  Vienna,  in- 
cluding sitting  heights  up  to  100  cm.' 

'  Our  request  for  complete  tables  was  answered 
very  generously  by  Dr.  Schick  of  the  Kinderklinik 
in  Vienna,  and  we  have  a  few  extra  copies  which 
we  will  gladly  send  to  anyone  desiring  them. 
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Because  of  tlie  variation  in  the  amount 
of  breast  tissue  among  women,  we  have 
not  used  the  sitting  height  bust  measure 
as  an  index  of  nutrition  in  our  cases. 

SrGGESTio:xs 

To  those  who  study  the  weight  curves 
of  employees  taking  extra  nourishment, 
there  will  come  some  disappointments 
at  the  beginning.  In  a  few  instances 
the  weight  curve  falls,  but  it  rises  again 
in  98  per  cent,  of  the  cases,  and  keeps 
rising  as  long  as  sufficient  intermediate 
feeding  is  given. 

To  insure  success,  the  administration 
of  the  nourishment  should  be  under  the 
direct  supervision  of  a  nurse  who  is  in- 
terested and  who  does  not  feel  that  it 
is  a  burdensome  duty. 

Provide  the  nourishment  free  of 
charge  for  at  least  twelve  weeks;  then, 
if  the  employee  so  desires  and  if  it  is 
thought  best  to  do  so,  permit  her  to 
pay  for  it. 

Explain  the  proposition  to  the  fore- 
men and  ask  their  co-operation  in  se- 
lecting persons  who  would  possibly  be 
benefited.  Suggest  that  they  send  to 
you  employees  doing  noticeably  poor 
work.  This  will  afford  an  opportunity 
to  detect  incipient  diseases.  It  has 
been  found  to  be  of  distinct  value  in 
instituting  preventive  measures,  which 
are  timely  not  only  from  the  standpoint 
of  the  individual  but  also  from  the 
standpoint  of  her  associates. 

Much  has  been  written  about  relaxa- 
tion and  short  exercise  periods  during 
work  hours.  The  plan  of  having  em- 
ployees report  to  the  dispensary  rather 
than  having  the  nourishment  served  to 
them  at  their  machines  is  in  keeping 
Avith  this  idea. 

The  food  recommended  is  of  high 
carbohydrate   value.     As   a   matter   of 


safety,  therefore,  the  urine  should  be 
examined  to  exclude  the  possibility  of 
glycosuria  before  the  procedure  is  be- 
gun. 

Results 

Since  August  15,  1921,  records  have 
been  kept  of  seventy-five  employees  to 
whom  extra  nourishment  has  been 
given,  gratis.  They  may  be  grouped  as 
f  oUows :  33  active  cases ;  11  short  period 
cases;  31  completed  cases.  The  active 
cases  include  new  employees  who  are 
underweight,  old  employees  who  are 
losing  weight,  and  those  who  are  con- 
valescing from  illness  or  operation.  It 
■\\dll  readily  be  seen  that  this  is  a  con- 
stantly changing  list. 

The  most  satisfactory  results  have 
been  noted  in  the  group  last  mentioned, 
the  convalescents.  There  is  a  steady 
gain  in  weight  among  the  members  of 
this  group,  and  we  feel  that  the  return 
to  normal  health  is  much  more  rapid 
than  when  no  extra  nourishment  is 
given.  Moreover,  in  this  group  wiU  be 
found  the  most  appreciative  patients. 
Their  loyalty  to  the  institution  is 
greatly  enhanced  as  a  result  of  the  in- 
terest in  their  welfare  shown  by  the 
medical  department.  The  short  period 
group  consists  of  those  who,  for  any 
reason,  stopped  taking  the  nourishment 
before  two  weeks  had  passed.  In  this 
group  are  included  those  who  were  laid 
off  work,  two  employees  who  had  diges- 
tive disturbance,  and  several  who  were 
not  interested  enough  in  their  own 
welfare  to  climb  two  or  three  flights  of 
stairs  to  get  their  nourishment.  The 
completed  case  group  includes  all  those 
who  received  the  nourishment  for  four 
weeks  or  more. 

Up  to  the  present  time  one-half  of 
our  diet  squad  have  been  time  workers 


BUNN  —  UNDERNOURISHMENT   IN  INDUSTRY 


99 


and  of  course  no  efficiency  figure  is 
available  on  this  group.  The  final 
result  in  this  instance  is  arrived  at  by 
noting  the  increase  in  weight,  the  com- 
parison of  the  physical  condition  with 
the  record  kept  on  the  back  of  the  chart 
(that  is,  general  appearance,  color, 
muscular  tone,  condition  of  skin),  and, 
in  addition,  the  statement  of  the  patient 
herself.  In  90  per  cent,  of  the  cases  the 
patients  have  stated  that  their  general 
health  is  improved,  that  they  are  feeling 
better,  and  that  they  have  lost  less  time 
on  account  of  illness  than  ever  before. 

The  greatest  gain  in  weight  recorded 
was  12  pounds  in  twelve  weeks.  The 
average  weight  increase  was  5  pounds 
for  those  who  had  been  in  the  squad 
for  more  than  four  weeks.  Two  girls 
lost  slightly  in  weight  but  gained  in 
efficiency.  The  weight  curve  is  a  very 
sensitive  one,  being  influenced  by  many 
factors.  Slight  colds,  minor  injuries, 
sickness  of  some  member  of  the  family, 
and  insufficient  sleep,  all  have  a  decided 
tendency  to  caiise  loss  of  weight. 

In  the  group  for  winch  efficiency  fig- 
ures were  available,  twenty-two  gained 
in  production,  seven  showed  no  change, 
and  five  lost.  In  two  instances  the  gain 
in  efficiency  was  such  that  it  made  the 
worker  the  best  in  her  department. 

An  interesting  finding  has  come  to 
light   in   the   studv   of  the  influence   of 


this  regime  on  hourly  production.  An 
endeavor  Avas  made  to  find  that  peak  of 
efficiency  followed  by  the  "fag"  period, 
about  which  one  reads  so  much.  It  was 
hoped  that  proof  could  be  otfered  to 
substantiate  the  statements  that  energy 
provided  in  the  readily  assimilable  milk 
and  dextrose  mixture  would  tide  the 
worker  over  this  period,  but  no  such 
falling  curve  can  be  plotted  of  the  pro- 
duction in  this  establishment.  It  was 
surprising  to  find  that  the  number  of 
products  turned  out  by  a  given  worker 
during  the  second  hour  of  the  work 
period  in  nearly  every  instance  repre- 
sented the  number  which  obtained  in  all 
successive  hours  of  the  day.  This  is 
explained  by  Dr.  Lee'  as  follows: 
"Where  work  is  monotonous  and  where 
it  is  frequently  broken  by  natural 
pauses,  a  curve  may  be  obtained  which 
for  both  working  spells  is  nearly  a 
straight  and  horizontal  line,  showing  a 
slight  practice  effect  but  no  fatigue." 
A  similar  curve  can  be  constructed  of 
the  hourly  production  in  our  plant. 

The  energy  provided  by  the  extra 
nourishment  seems  to  increase  efficiency 
by  benefiting  the  general  health  of  the 
recipient  and  not  by  any  temporary 
effect  such  as  would  tide  the  individual 
doing  heavy,  prolonged  muscular  work 
over  a  period  of  exhaustion. 
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GERMAN   LITERATURE    OX    THE    WHITE    LEAD    QUESTION,    1921' 
LuDwiG  Teleky,  M.D. 

Landesgewerbearst,  Diisscldorf 


THE  decision  of  the  Washington 
Conference  (November,  1919)  that 
the  question  of  the  prohibition  of  the 
use  of  white  lead  in  painting  should  be 
placed  on  the  agenda  of  the  next  Inter- 
national Labour  Conference,  now  (Oc- 
tober, 1921)  meeting  in  Geneva,  pro- 
voked a  heightened  interest  in  the  sixb- 
ject  in  all  countries — in  Germany  as 
well  as  elsewhere.  There  follows  a 
short  summary  of  the  German  litera- 
ture which  has  appeared  on  the  sub- 
ject. 

Schoenfeld  (1)  sees  in  the  blood 
changes,  especially  in  the  basophilic 
granulations,  a  reliable  aid  in  recog- 
nizing the  first  stages  of  lead  poison- 
ing. He  examined  the  blood  of  numer- 
ous workmen  who  had  been  reported 
to  the  Leipzig  Sickness  Insurance  Office 
as  lead  poisoned,  and  was  able  by  this 
means  to  determine  that,  in  a  large 
percentage  of  the  workmen,  the  diag- 
nosis of  plumbism  was  incorrect.  Of 
those  incapacitated  supposedly  on  ac- 
count of  lead  poisoning,  only  9  per  cent, 
of  the  compositors,  38  per  cent,  of  the 
painters,  and  90  per  cent,  of  the  work- 
~ers  in  ceramic  color  printing  showed 
characteristic  blood  changes.  Since 
the  verification  of  the  diagnosis  of  lead 
poisoning  in  the  Siclmess  Insurance 
Office  has  been  made  dependent  upon 
blood  examination,  the  number  of  cases 
of  lead  poisoning  has  considerably  de- 
creased. That  the  number  of  demon- 
strable cases  of  lead  poisoning  has 
been  increased  through  the  elimination 

•Translated  by  Dr.  .Tohn  W.  S.  Brady.  Harvard 
Medical  School.  Received  for  publication  Jan.  23. 
1922. 


of  cases  incorrectly  diagnosed,  is  un- 
doubtedly true.  I  doubt,  however, 
whether  the  figures  are  correct  even  as 
they  now  stand,  inasmuch  as  Schoen- 
feld overlooks  the  fact  that  among 
those  either  not  reported,  or  reported 
sick  under  some  other  diagnosis,  there 
must  be  some  persons  suffering  from 
lead  poisoning.  Contrary  to  the  state- 
ments of  Schoenfeld,  Bottrich  (2)  em- 
phasizes the  importance  of  purely  clin- 
ical s^Tiiptoms — i.  e.,  lead  line  and  lead 
pallor. 

Schwarz  has  published  two  articles 
on  blood  examination  in  lead  poisoning 
suspects  (3)  (4),  in  the  first  of  which 
he  discusses  the  technic  of  the  thick 
drop  method.  This  is  easily  carried 
out  during  the  examination  of  large 
groups  of  persons  as  it  does  not  re- 
quire careful  cleaning  of  the  slide ;  fur- 
thermore, it  simplifies  the  finding  of 
basophil-granular  red  cells  or  their  re- 
mains. After  the  remains  of  polychro- 
matic or  basophil-granular  red  cells 
have  been  found,  then,  in  order  to  count 
the  relative  proportion  of  these  cells, 
ordinary  blood  smears  are  prepared. 
With  practice  it  is  possible  to  esti- 
mate -^-ith  some  precision  whether  cells 
AA-ith  basophil  granulations  are  pres- 
ent in  greater  number  than  in  normal 
blood.  Schwarz  was  able,  by  this  meth- 
od, to  stain  and  examine  the  prepara- 
tions from  fifty-one  painters  in  three 
and  one-half  hours.  Two  observers 
looked  over  ten  fields  in  each  prepara- 
tion and  classified  them  as  doubtful, 
positive,    or    negative.      Then    smears 
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were  prepared  by  other  observers  and 
200  tieids  on  each  slide  were  examined 
— a  procedure  which  required  about 
three  and  one-half  worldng  days.  The 
results  of  both  methods  were  in  agree- 
ment. Without  doubt  when  this  method 
becomes  established,  the  examination  of 
large  grovips  of  persons  will  be  con- 
siderably simplified;  indeed,  it  may  be 
that  not  until  then  will  mass  examina- 
tions become  possible. 

Siissman  (5),  working  in  Leh- 
mann's  Institute  in  Wiirzburg,  made  a 
series  of  extremely  careful  experiments 
on  skin  absorption  in  cats  and  guinea- 
pigs.  The  absorbed  lead  or  mercury 
was  demonstrated  by  the  study  of  care- 
fully collected  urine  and  feces.  An 
attempt  at  self-experimentation  failed, 
owing  to  the  fact  that  specimens  of 
stool  obtained  before  the  beginning  of 
the  experiment  contained  lead.  In 
spite  of  the  extreme  accuracy  and  con- 
scientiousness with  which  the  animal 
experimentation  was  conducted,  the 
conclusions  drawn  by  the  author  do  not 
seem  well  founded.  That  there  is  no 
essential  difference  in  absorptive  pow- 
er between  the  skin  of  man  and  the 
nearly  sweat-glandless  skin  of  cats  has 
not  been  shown  beyond  reasonable 
doubt  by  Siissmann's  self -experiment ; 
nor  can  his  estimate,  that  in  therapeu- 
tic inunction  only  a  third  of  the  ab- 
sorbed mercury  finds  its  way  through 
the  skin,  stand  as  proven.  One  must, 
however,  agree  with  the  author  that 
his  experiments  seem  to  show  the 
amount  of  lead  absorbed  through  the 
skin  to  be  so  small  (0.1-0.2  mg.  of  lead 
per  square  decimeter  of  skin  as  a  daily 
average)  that  the  possibility  of  indus- 
trial lead  poisoning  through  skin  ab- 
sorption must  be  denied.  I  should  like 
to  add  that  exception  must  be  made 
in  the  case  of  actors,  dancers,  etc.,  since 


it  is  to  be  expected  from  these  experi- 
ments that  where  large  surfaces  of 
sldn  are  covered  with  lead  ointments, 
used  as  make-up,  there  may  easily  be 
enough  sldn  absorption  to  produce  poi- 
soning. 

Of  the  writings  growing  out  of  the 
controversy  in  regard  to  the  prohibi- 
tion of  w-hite  lead  may  be  mentioned 
first   the   reply   of   the  Association   of 
German  White  Lead  Manufacturers  of 
Cologne    (6)    to    the    memorandum   of 
the    International    Labour    Office,    con- 
taining   a    supplement    in    which    are 
given    evidence    and    testimony.      The 
"Reply,"  a  polemic  against  the  pam- 
phlet of  the  International  Labour  Of- 
fice, maintains  that  white  lead  is  irre- 
placeable   for    painting    purposes,    and 
that  the  prohibition  of  its  use  for  paint- 
ing would  undoubtedly  be  the  first  step 
toward  universal  prohibition  of  all  lead 
colors.     It  stresses  the  indispensabihty 
of  white  lead,  litharge,  and  minium  for 
various  industrial  purposes;  further,  it 
attacks    the    correctness  '  of    published 
statistics  in  regard  to  the  frequency  of 
lead    poisoning    by    referring    to    the 
investigations      of      Schoenfeld;      and, 
finally,     it     calls     attention     to     the 
economic  damage  that  would  result  to 
Germany   from  the  prohibition   of  the 
use  of  lead  colors.    In  the  supjalement, 
various  Associations  of  Master  Paint- 
ers  express   their   opiiuons   as   to   the 
impossibility   of   replacing   white  lead 
in  outside  Avork.      A  number  of  ship- 
yards and  iron  construction  companies 
emphasize  the  necessity  of  employing 
lead  colors,  as  do  a  number  of  other 
industrial  estabhshments,  such  as  rub- 
ber   factories,    glass  makers,    linoleum 
factories,   electric  works,  potteries — in 
short,  a  long  list  of  industries  in  which 
no  one  thinks  of  forbidding  the  use  of 
either  white  or  red  lead.     Characteris- 
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tic  of  the  preparation  of  the  pamphlet 
is  the  iuchision  of  the  protest  of  a  large 
part  of  the  employees  in  white  lead 
works  against  the  "prohibition  of  the 
manufacture  of  white  lead." 

The  Diisseldorf  Chamber  of  Com- 
merce (7)  also  takes  its  stand  against 
the  proposed  prohibition  of  white  lead 
in  a  memorandum  on  "The  Use  of 
Wliite  Lead  in  the  Painting  and  Deco- 
rating Trades."  This  memorandum 
gives  a  short  summary  of  the  present- 
day  status  of  legislation.  It  is  the 
opinion  of  the  Chamber  of  Commerce 
that  in  interior  work,  at  least  as  a  cov- 
ering paint,  white  lead  is  unquestion- 
ably replaceable,  but  that  in  outside 
work  it  is  indispensable.  Even  with 
the  high  price  of  linseed  oil  and  al- 
though zinc  white  requires  more  lin- 
seed oil  than  does  white  lead,  the  cost 
of  a  single  coat  per  square  meter  is 
considerably  liigher  with  white  lead 
than  with  zinc ;  nevertheless,  on  account 
of  its  alleged  poorer  covering  power, 
more  coats  of  zinc  white  are  required, 
and  the  cost  of  the  completed  job  with 
zinc  white  is  consequently  somewhat 
higher  than  with  lead.  Furthermore, 
the  zinc  coating  has  to  be  renewed  in 
a  short  time.  The  article  quotes  the 
statistics  of  lead  poisoning  in  Berlin 
and  Hamburg  in  the  pre-war  period, 
and  challenges  their  correctness  on  the 
basis  of  Sehoenf  eld's  investigations. 
It  mentions  the  economic  consequences 
of  the  prohibition  of  lead  colors,  and 
maintains  that  lead  smelters  are  de- 
pendent for  the  disposal  of  their  prod- 
uct on  the  lead  color  manufacturers 
who  utilize  about  one-third  of  the  out- 
put; and  that  if  lead  color  manufac- 
turers shoidd  be  driven  out  of  business, 
other  industries  employing  lead  com- 
pounds would  be  similarly  affected  (!). 
Another  pamphlet  on  the  same  sub- 


ject (8)  published  by  the  Union  of 
German  Painters,  Varnishers,  etc., 
shows  how  the  Union,  the  Social  Demo- 
cratic Guild  of  Painters,  has  for  the 
last  twenty  years  been  leading  the  fight 
against  lead  colors,  and  presents  a 
series  of  data  in  regard  to  sickness  in 
the  painters'  trade  (rheumatism,  ecze- 
ma, tuberculosis,  nephritis),  taken 
from  the  writings  of  Koelsch  (9)  (10). 
Then  follow  details  of  lead  poisoning 
and  its  sjTnptoms.  The  prohiljition  of 
dry  sand  papering  contained  in  the 
present  regulation  is  declared  to  be 
impracticable,  since  wet  rubbing  do^vn, 
the  process  to  be  substituted,  is  im- 
possible for  technical  reasons  which 
are  outlined,  as  well  as  on  account  of 
the  cost.  Dry  sand  papering  is  thus 
technically  necessary  and  economically 
justifiable.  During  this  process,  how- 
ever, inhalation  of  dust  is  unavoidable, 
since  respirators  and  wet  sponges  are 
too  great  a  hindrance  to  breathing. 
Eeplacement  of  lead  for  indoor  work 
is  unquestionably  possible.  "While  it  is 
true  that  outdoor  work  ^tt-ith  lithopone 
often  becomes  more  quickly  damaged, 
this  is  due  to  inexpert  workmanship. 
"With  intelligent  use,  zinc  white  and 
lithopone  can  readily  replace  white 
lead  even  in  exterior  work. 

The  same  guild  also  published  a 
tliirty-eight-page  lecture  wliich  was  de- 
livered at  its  General  Assembly  in 
July,  1921,  by  Dr.  Koelsch,  the  Bavari- 
an State  Industrial  Physician,  entitled 
"Harmful  Effects  of  Lead  in  the  Paint- 
ing and  "S^arnishing  Trades  from  the 
Point  of  "\^iew  of  Physician  and  of  Leg- 
islator" (11).  Koelsch  discusses  the 
kinds  of  load  colors,  the  modes  of  en- 
trance of  lead  into  the  body — namely, 
the  inhalation  of  lead  dust  and  the 
direct  conveying  of  lead  to  the  mouth 
by  the  hands — and  the  role  of  personal 
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susceptibility,  and  then  presents  copi- 
ous statistical  material  in  regard  to 
the  frequency  of  poisomug  m  different 
localities.  He  also  gives  a  resume  of 
the  regulations  which  have  been  issued 
for  the  protection  of  painters  in  Ger- 
many, discusses  their  value,  and  con- 
cludes that  the  present  statute  with  its 
prohibition  of  dry  sand  papering  and 
its  provision  for  cleanliness  has  not 
led  to  any  far-reaching  improvement 
of  health  conditions.  He  points  oiat 
the  success  which  followed  the  proliibi- 
tion  of  the  use  of  lead  colors  in  indoor 
work  in  Austria,  and  mentions  inves- 
tigations in  regard  to  the  merits  of 
lead-free  and  lead-containing  pigments 
which  have  been  carried  out  by  vari- 
ous official  departments  in  Holland, 
Denmark  and  France.  Finally,  he  de- 
mands the  prohibition  of  the  use  of 
white  lead  for  indoor  work  with  certain 
extensions  (carriages,  automobiles, 
garden  furniture,  machines),  and  also 
recoimiiends  obligatory  declaration  of 
contents.  It  is  his  opinion  that  lead- 
containing  paints  should  be  sold  and 
used  only  with  the  label  Lead-Contain- 
ing— Poisonous.  Medical  supervision 
of  decorators  and  painters  using  lead 
paints  should  occur  at  intervals  of  two 
or  three  months.  Technical  justifica- 
tion for  the  prohibition  of  the  use  of 
lead  colors  for  exterior  work  does  not 
seem  to  Koelsch  to  be  sufficiently  estab- 
lished as  yet. 

Teleky  (12),  in  his  article  on  "The 
Use  of  Lead  Colors  in  Painting,  the 
Danger  and  Its  Prevention,"  attempts 
an  objective  presentation  of  the  ques- 
tion. He  points  out,  first  of  all,  to  those 
who  see  in  the  international  prohibi- 
tion of  white  lead  a  hostile  action 
directed  against  Germany,  that  the 
Geneva  International  Labour  Office  of 
the  League  of  Nations  is  only  continu- 


ing the  work  begun  under  German 
leadership  by  the  International  Union 
for  the  Legal  Protection  of  Workers 
in  Basel.  He  shows  that,  although 
Sclioenfeld  may  be  right  in  saying  that 
in  many  trades,  especially  printing,  too 
many  cases  have  been  wrongly  diag- 
nosed lead  poisoning,  on  the  other 
hand,  many  cases  of  lead  poisoning 
have  been  unrecognized;  and  that  at  all 
events  the  number  of  cases  of  poison- 
ing among  painters  is  distinctly  high. 
The  decline  of  this  number  during  and 
after  the  War  must  be  laid  to  a  lack 
of  lead  colors  and  to  the  depression 
in  building  activity.  Since  lead  poison- 
ing results  chiefly  from  the  inhalation 
of  lead  dust,  workers  in  interior  paint- 
ing for  the  most  part  become  sick  as  a 
direct  result  of  the  necessary  dry  rub- 
bing down.  On  account  of  the  fact  that 
house  painters  are  constantly  changing 
their  work  places,  it  is  impossible  to 
carry  out  and  supervise  effectively  any 
protective  measures  that  may  be  pre- 
scribed. The  writer  knows  this  from 
his  experience  in  Vienna;  but  in  addi- 
tion statistics  show  that  in  Vienna, 
where  the  use  of  Avhite  lead  in  interior 
decoration  is  prohibited,  the  incidence 
of  lead  poisoning  in  painters  has  fallen 
to  one-third;  whereas  in  Berlin,  Avhere 
other  protective  measures  only 
(without  prohibition)  are  in  force, 
after  falling  to  one-half,  the  in- 
cidence rose  again  to  its  former  height. 
With  regard  to  the  technical  possibili- 
ties Teleky  finds  support  in  the  evi- 
dence gathered  by  the  Dutch  Eoyal 
Commission.  He  points  oiit  that,  since 
Germany  produces  much  less  lead  than 
its  industrial  needs  demand,  consider- 
able quantities  of  lead  must  be  import- 
ed; and  that  economic  harm  to  the 
country,  as  maintained  in  the  state- 
ment of  the  white  lead  manufactiirers, 
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would  not  result,  since  the  zinc  color 
industry  in  Germany  is  very  highly  de- 
veloped and  shows  a  constantly  increas- 
ing export.  Teleky  considers  the  pro- 
hibition of  lead  colors  for  indoor  work 
(extended  to  ■svdndow  frames,  garden 
furniture,  carriage  and  automobile 
enamel)  to  be  absolutely  essential,  and 
technically  possible  to  carry  out;  he 
considers  equally  necessary  the  prohi- 
bition in  all  kinds  of  painting  of  the 
use  of  red  lead,  which  is  unfortunately 
often  forgotten  in  the  discussion;  and, 
in  addition,  compulsory  declaration  of 
contents.  Even  in  exterior  painting, 
prohibition  of  white  lead  is  necessary 
in  spite  of  the  technical  difficulties  of 
finding  suitabl-e  substitutes. 

Teleky 's  articles  gave  Schoenfeld  op- 
portunity to  write  "An  Answer  and 
Justification"  (13)  in  which  he  main- 
tains his  point  of  view.  In  a  further 
work,  "The  Imj^ending  Prohibition  of 
White  Lead  and  Methods  of  Blood  Ex- 
amination as  a  Prophylactic  Measure" 
(14),  he  explains  his  opinions  in  detail. 
New  is  the  fact  that  in  addition  to  the 
granular  red  cells  he  attributes  great 
importance  to  the  polychromatophilia. 
He  attaches  no  value  to  the  number  of 
basophil  erythrocytes  and  sees  in 
their  presence  (no  matter  in  what  num- 
ber) not  the  signs  of  lead  poisoning, 
but  rather  merely  the  signs  of  lead 
effect.  He  demands,  therefore,  not 
that  the  workmen  with  positive  blood 
findings  be  kept  from  lead  work,  but 
merely  that  they  be  placed  under  espe- 
cially careful  supervision.  From  this 
point  of  view,  it  seems,  the  demonstra- 
tion of  granular  cells  has  lost  a  great 
deal  of  its  practical  value. 

In  a  short  article  on  "The  Use  of 
Lead  Colors  in  the  Painting  Trade" 
(15),  Teleky  replies  to  the  new  state- 
ments of   Schoenfeld.      He  points   out 


that  up  to  the  present  time  prescribed 
periodic  medical  examination  has  not 
obtained  the  desired  result  in  many 
factories.  The  white  lead  industry  it- 
self, which  now  finds  the  methods  of 
Schoenfeld  so  promising,  has  already 
had  enough  opportunity  to  demonstrate 
that  by  means  of  regular  medical 
super%"ision  and  examination  all  dan- 
gers can  be  avoided.  But  the  proof 
of  this  is  stiU  lacking. 

In  the  meantime  the  closing  of  the 
Geneva  Conference  has  put  at  least  a 
temporary  end  to  this  discussion.  In 
spite  of  the  recommendations  of  the 
special  commission,  the  main  assembly 
very  justly  voted  in  favor  of  the  pro- 
hibition of  the  use  of  white  lead  in  inte- 
rior painting — a  prohibition  which,  un- 
fortunately, is  weakened  by  a  number 
of  exceptions  and  by  an  all  too  long 
delay  in  its  introduction.  In  the  meet- 
ings of  the  committee  there  was  one 
unpleasant  circumstance,  in  which  the 
Geneva  Session  of  the  LeagTie  of 
Nations  differed  from  former  interna- 
tional conferences  called  by  the  Inter- 
national Association  for  Labor  Legis- 
lation, and  this  difference  was  by  no 
means  to  the  credit  of  the  Geneva  Con- 
ference. In  the  conference  of  the 
International  Association  the  govern- 
ments of  the  various  countries  were 
represented  as  well  as  workmen  and 
employers,  but  the  body  of  the  Assem- 
bly was  composed  of  sociologists,  of 
experts  in  the  field  of  social  legislation, 
and  the  sub-committees  of  experts  in 
their  corresponding  fields.  In  Geneva, 
however,  it  was  primarily  the  represen- 
tatives of  governments,  employers  and 
employees  who  had  the  floor.  Experts 
were  present  only  in  so  far  as  they 
were  brought  by  one  of  these  groups. 
Hence  the  following  situation  resulted: 
In  so  far  as  scientific  experts  (doctors. 
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aiational  economists,  sociologists)  were 
necessary,  the  employers  selected  those 
experts  in  their  countries  who  repre- 
sented most  nearly  their  point  of  view 
and  brought  them  to  Geneva  at  their 
own  expense  (for  countries  Avith  depre- 
ciated currency  the  cost  of  this  trip 
was  a  large  item).  The  labor  repre- 
sentatives did  the  same,  but  expense 
was  a  far  more  serious  item  for  them 
than  for  the  employers,  and  conse- 
quently they  were  obliged  in  great  part 
to  forego  the  service  of  experts.  The 
governments,  wliich '  had  for  the  most 
part  already  stated  their  stand  in  the 
matter,  likewise  secured  for  themselves 
experts  Avho  shared  their  opinions.  On 
this  account  the  conference,'  instead  of 


consisting  of  those  experts  from  vari- 
ous countries  who  had  occupied  them- 
selves most  intensely  with  the  question 
under  discussion  (as  was  the  case  in 
the  preAdous  labor  conferences),  was 
rather  made  up  of  those  who  seemed 
to  the  various  parties  best  suited  to 
represent  their  partisan  opinion.  And 
the  workers'  vieAvpoint,  on  account  of 
the  great  expense,  was  far  too  poorly 
represented.  The  Avhite  lead  commit- 
tee consisted  of  nine  "experts"  for  the 
governments,  eleven  for  the  emploj^ers, 
and  four  for  the  workmen,  with  no 
doctor  among  them.  In  this  respect 
it  Avould  seem  that  the  whole  organiza- 
tion of  these  conferences  is  susceptible 
to  improvement. 
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BACK   AND    FOOT    STRAIN* 
Philip  D.  Wilsox,  M.D. 

Instructor    in    Surgery.    Harvard    Medical    School 


BACK  strain  and  foot  strain  are  loose 
but  convenient  terms  under  wliich 
may  be  grouped  a  large  variety  of 
rather  ill-defined  and  little  understood 
conditions.  Collectively,  they  are  re- 
sponsible for  a  high  percentage  of  dis- 
ability among  employees,  and  the  dura- 
tion of  the  affection  and  idtimate  result 
are  always  matters  shrouded  in  mys- 
tery. The  questions  of  treatment  and 
prevention  which  constitute  the  real 
problem  of  the  industrial  surgeon  are 
wholly  dependent  upon  the  recognition 
of  the  underlying  causes,  and  for  this  a 
thorough  understanding  of  the  anatomy 
and  physiology  of  the  region  is  neces- 
sary. 

Back  Strain 

Anatomy  of  the  Spine. — The  verte- 
brae are  composed  of  two  parts,  the 
body,  or  weight-bearing  portion,  and 
the  spinal  arch  with  its  accessory  pro- 
cesses, the  function  of  which  is  to  pro- 
tect the  spinal  cord  and  provide  attach- 
ment for  muscles  and  ligaments. 

The  bodies  articulate  Avith  each  other 
bj^  means  of  the  intervertebral  disks 
which  have  resistant  semi-fluid  centers 
but  elastic,  compressible  peripheral 
layers,  so  that  rocking  motion  or  rota- 
tion in  any  direction  is  permitted.  The 
spinal  arches  are  joined  by  articular 
processes  projecting  upward  and  down- 
ward in  pairs  from  each  vertebra.  The 
joints  so  formed  are  true  joints,  lined 
with  cartilage  and  surrounded  by  cap- 
sule.   The  shape  of  these  articular  pro- 

*Received  for  publication  March  16,  1922. 


cesses  varies,  however,  in  different  seg- 
ments of  the  spine,  and  as  their  function 
is  to  limit  tlie  motion  of  the  vertebrae, 
it  will  be  seen  that  the  type  of  motion 
permitted  at  different  levels  is  directly 
related  to  the  shape  of  the  process. 

In  the  dorsal  region  the  articular 
processes  are  vertical  and  flat  and  face 
in  the  anteroposterior  plane,  thus  per- 
mitting flexion  and  extension,  lateral 
bending  and  rotation.  At  the  same  time 
each  of  the  vertebrae  in  this  region  sup- 
ports a  pair  of  ribs  and  the  relation 
of  the  latter  to  the  thorax  results 
in  considerable  secondary  limita- 
tion of  motion,  cliiefly  affecting  flexion 
and  lateral  bending.  In  the  lumbar 
region  the  articular  processes  are  nor- 
mally crescentic  in  cross  section,  and 
vertical.  This  shape  limits  rotation  but 
permits  free  flexion  and  extension  and 
lateral  bending. 

The  vertebrae  are  bound  together  by 
strong  anterior  and  posterior  common 
ligaments  extending  from  the  sacrum  to 
the  occiput,  covering  the  bodies  and  the 
disks.  The  ligamenta  subflava  are 
strong  elastic  ligaments  which  run 
along  the  posterior  surface  of  the  spinal 
canal  and  are  attached  to  the  laminae. 
The  interspinous  and  intertransversalis 
ligaments  join  the  spinous  and  trans- 
verse processes,  respectively.  Motions 
in  the  anteroposterior  and  transverse 
planes  are  checked  by  the  tension  of  the 
ligaments  on  the  sides  of  the  bodies 
oijposite  to  the  direction  of  the  move- 
ment, and  also  by  the  resistance  to  corn- 
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pression  of  that  edge  of  the  interverte- 
bral disk  toward  which  tlie  motion 
occurs. 

While  the  extensive  range  of  motion 
of  the  whole  spine  is  the  resultant  of 
many  slight  movements  between  the  in- 
dividual vertebrae,  the  greatest  degree 
of  movement  occurs  at  the  points  of 
junction  between  the  fixed  and  unfixed 
portions  as  represented  by  the  dorso- 
lumbar   and   lumbosacral   articulations. 

The  lumbosacral  articulation  pre- 
sents certain  peculiarities  not  found  in 
the  other  spinal  joints.  The  body  of 
the  fifth  lumbar  is  liigher  in  front  than 
behind,  and  the  disk  between  it  and  the 
sacrum  is  of  greater  thickness  than  the 
other  intervertebral  disks,  especially  in 
the  anterior  portion.  In  addition  to 
being  supported  by  the  common  spinal 
ligaments,  this  joint  is  reinforced  by 
strong  fibrous  bands  extending  from  the 
transverse  processes  of  the  fifth  lumbar 
laterally  to  the  iliac  crest  and  down- 
ward to  the  sacrum,  the  iliolumbar  and 
lumbosacral  ligaments,  respectively. 

The  sacrum  is  formed  by  the  fusion 
of  five  vertebrae,  of  which  the  upper 
three  serve  to  support  the  pelvis  later- 
ally, by  entering  into  the  formation  of 
the  sacro-iliac  articulations.  These  are 
true  joints,  lined  with  articular  carti- 
lage and  containing  synovial  cavities. 
The  sacrum  is  broader  in  front  than 
behind,  so  that  on  cross  section  the  joint 
line  is  oblique,  running  backward  and 
inward,  as  sho^ra  in  Figiire  1.  The 
surfaces  are  gently  irregiilar,  tending 
slightly  to  interlock.  They  are  held  to- 
gether by  the  anterior,  superior,  and 
posterior  ligaments.  The  posterior 
ligament  is  by  far  the  strongest,  as  its 
function  is  to  sling  the  sacrum  and  re- 
sist the  tendency  of  the  body  weight  in 
the  upright  position  to  force  the  sacrum 
forward  into  the  pelvis.     It  comprises 


many  layers  of  strong  fibers  filling  the 
gutter-like  space  between  the  projecting 
posterior  edge  of  the  ilium  and  the  sur- 
face of  the  sacrum.  The  normal  motion 
at  the  sacro-iliac  joints  is  slight  and 
consists  of  rotation  of  the  sacrum  on  a 
transverse  axis  passing  through  the 
second  segment.  Normally  the  antero- 
posterior diameter  of  the  brim  of  the 
pelvis  may  be  increased  or  lessened 
about  1  cm.  by  the  extremes  of  this 
movement. 


Sacro-Wvac 


Fig.  1. — ^Cross  section  through  the  sacroiliac 
joint.  Note  its  sloping  direction  backward  and 
inward. 

The  spine  is  supported  and  held  erect 
by  the  balanced  action  of  the  various 
trunk  muscles.  The  chief  flexors  are 
the  recti  abdominis  and  the  psoas.  The 
extensor  muscles  comprise  the  large 
muscular  mass  occupying  the  fossae 
formed  by  the  transverse  processes 
anteriorly  and  the  spinous  processes 
mesially,  and  are  composed  of  the  erec- 
tor spinae,  transversospinal  and  inter- 
vertebral groups  of  muscles.  Lateral 
support  is  given  by  the  quadratus  lum- 
borum  and  the  external  and  internal 
oblique  muscles. 

The    manner    in    which    the    spinal 
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nerves  make  their  exit  from  the  spiual 
camil  through  the  intervertebral  fora- 
mina and  their  close  relation  to  the 
vertebrae  and  the  spinal  joints  expose 
them  to  pressure  and  injury  in  condi- 
tions affecting  the  spine.  The  inter- 
costal nerves  may  be  involved  in  lesions 
of  the  dorsal  spine  with  resulting  inter- 
costal neuralgia.  By  localizing  the 
affected  nerve  the  level  of  the  spinal 
lesion  may  be  determined. 

In  the  lumbar  and  sacral  regions  the 
nerves  join  to  form  the  lumbar  and 
sacral  plexuses.  The  lumbar  plexus  lies 
in  the  substance  of  the  psoas  muscle 
and  is  formed  by  the  first,  second,  and 
third  lumbar  roots  ^rith  branches  from 
the  twelfth  dorsal  and  fourth  lumljar 
roots.  It  gives  origin  to  several  nerves, 
among  them  the  anterior  crural  and 
obturator  nerves.  Pain  referred  along 
the  anterior  or  inner  sides  of  the  thigh 
or  wasting  of  the  quadriceps  muscles, 
therefore,  indicates  a  lesion  in  the 
upper  lumbar  region.  The  sacral 
plexus  is  formed  by  the  junction  of  the 
first,  second,  and  third  sacral  roots  with 
the  lumbosacral  cord  which  contains  all 
the  fibers  of  the  fifth  lumbar  and  a 
branch  from  the  fourth  lumbar  root. 
From  it  is  given  off  the  sciatic  nerve. 
Parts  of  the  plexus  lie  in  close  relation 
to  the  liunbosacral  and  sacro-iliae 
joints,  and  sciatic  pain  or  muscular  or 
cutaneous  disturbances  in  the  sciatic 
distribution  in  association  with  affec- 
tions of  the  spine  localizes  the  lesion  at 
the  pelvic  joints. 

The  spine  normally  presents  four 
curves  which,  in  relation  to  the  ventral 
surface,  consist  of  a  cervical  convexity, 
a  dorsal  concavity,  a  lumbar  convexity' 
and  a  sacrococcygeal  concavity  (Fig. 
2).  The  dorsal  and  pelvic  curves  may  be 
considered  as  primary  curves,  as  these 
segments  form  parts  of  the  pelvis  and 
thorax    and    are    comparatively    rigid 


Fig.  2. — Lateral   view  of  spine,  showini;  articu- 
lations and  normal  curves. 
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portions  although,  as  has  been  seen  in 
studying  the  spinal  movements,  these 
curves  are  capable  of  considerable  mod- 
ification by  flexion,  extension,  and  lat- 
eral bending.  The  lumbar  and  cervical 
regions  are  the  flexible  connecting  links 
and  the  chief  balancing  agents  because 
they  possess  the  greatest  degree  of 
movement.  The  cervical  curve  appears 
when  the  child  begins  to  hold  the  head 
iipright ;  the  lumbar  curve  develops 
only  when  the  vertical  position  is  first 
assumed.  They  are,  therefore,  second- 
ary curves  intended  to  compensate  for 
the  normal  inclination  of  the  pelvis  and 
the  posterior  convexity  of  the  dorsal 
region. 

Etiology  of  Bad-  Strain. — The  kej' 
to  the  entire  problem  of  liack  strain  lies 
in  the  proper  understanding  of  the  nor- 
mal physiology  of  the  spine.  A  per- 
pendicular dropped  from  the  occipito- 
spinal  articulation  normally  crosses  the 
spine  in  the  upper  cervical,  cervicodor- 
sal,  dorsolumbar,  and  lumbosacral  re- 
gions. The  cervical  and  lumbar  curves 
project  in  front  of  the  line,  while  the 
dorsal  and  sacral  curves  project  behind 
the  line.  The  balancing  relation  is  so 
accurate  that  no  one  curve  can  be  in- 
creased \\'ithout  corresponding  increase 
of  the  others  and,  conversely,  no  one 
curve  can  be  decreased  withoiit  accom- 
panying flattening  of  the  entire  spine. 

With  every  movement  of  the  body  the 
center  of  gra\'ity  shifts,  and  compen- 
satory change  of  the  spinal  curves  in 
one  or  the  other  direction  must  occur 
in  order  to  maintain  balance.  In  the 
normal  erect  posture  all  of  these  curves 
are  slight,  and  none  of  the  spinal  joints 
is  used  at  its  limit  of  motion.  Balance 
may,  therefore,  l)e  easily  maintained. 
Moreover,  the  load  is  evenly  distributed 
to  all  of  the  supporting  muscles  so  that 
there  is  no  excessive  fatigue.  The  mus- 
cles  can   retain   their   normal   tonicity, 


and  the  ligaments  are  protected  from 
strain. 

With  incorrect  habits  of  posture, 
however,  the  conditions  are  quite  re- 
versed. When  the  spine  sags,  its  curves 
become  exaggerated  and  the  spinal 
joints  are  used  at  their  extreme  limit 
of  motion.  There  is  extreme  hyjjerex- 
tension  of  the  lumbar  spine,  increased 
flexion  of  the  dorsal  region,  and  also 
increased  inclination  of  the  pelvis.  The 
ligaments  Avhich  normally  check  ex- 
treme ranges  of  motion  are  constantly 
under  tension.  The  normal  balancing 
mechanism  is  lost  because  compensa- 
tory movements  of  the  vertebrae  can 
take  place  in  but  one  direction.  Move- 
ment in  the  other  direction  can  occur 
onh'  at  the  expense  of  the  structures 
normally  checking  motion,  mth  result- 
ing strain  and  injury.  Moreover,  the 
muscles  no  longer  carry  their  fair  share 
of  the  burden  of  the  body  weight.  Cer- 
tain muscle  groups  atrophy  as  a  result 
of  disuse,  and  the  load  is  borne  by  the 
ligamentous  and  bony  supports.  Other 
groups  are  overworked,  become  fa- 
tigued, and  lose  their  normal  tone.  A 
vicious  circle  is  thus  formed  because, 
with  gradual  weakening  of  the  muscles, 
sagging  occurs  more  and  more,  and  this 
of  itself  results  in  still  further  weaken- 
ing of  the  muscles. 

The  points  in  the  spine  which  are 
most  exposed  to  strain  are  the  lumbo- 
sacral, sacro-iliac,  and  dorsolumbar 
articulations,  because  they  represent 
junction  points  between  fixed  and  flexi- 
ble portions  of  the  spine.  In  the  incor- 
rect position  the  sacrum  is  more  hori- 
zontall}^  placed  T:han  it  normally  is,  so 
that  the  sacro-iliac  joints  derive  less 
support  from  the  shape  of  the  bones. 
The  sacrum  is  left  hanging  by  its  pos- 
terior ligaments,  with  the  result  that 
they  may  become  relaxed  and  strained. 
The  position  of  extreme  hj^perextension 
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of  the  lumbosacral  joint  causes  the 
articular  processes  of  the  lifth  lumbar 
to  slide  do-mi  until  they  rest  against  the 
sacrum,  and  painful  bursae  may  de- 
velop beneath  them.  The  body  weight 
is  transmitted  to  the  sacrum  by  way  of 
the  spinal  arch  instead  of  by  way  of 
the  vertebral  body.  The  intervertebral 
foramina  are  narrowed,  and  nerve  root 
compression  may  occur.  The  iliolum- 
bar, lumbosacral,  and  all  other  liga- 
ments supporting  the  joint  are  strained 


Fk;.  :;. — I,\inili;ir  spiiit'.  Slender  type.  The 
bodies  of  the  vi'itelniic  Jirp  stuiiuo,  the  saenini 
extends  well  iiiiwaid.  and  the  transverse  processes 
of  the  fifth  lumbar  are  well  removed  from  the 
ilium. 


and  injured.  Conditions  are  similar  at 
the  dorsolumbar  junction,  with  result- 
ing ligamentous  strain,  and  in  addition 
the  last  rib  may  be  approximated  to  the 
transverse  process  of  the  first  lumbar 


vertebra,    thi;s    making    possible    com- 
pression of  the  intercostal  nerve. 

Anatomic  Variations  of  the  Spine. — 
Variations  from  the  normal  or  textbook 
anatomy  are  very  common  in  the  spine 
and,  by  lessening  the  stability  of  certain 
joints,  may  become  factors  in  the  pro- 
duction of  strain.  This  variation  may 
be  one  of  number,  shape,  or  develop- 
ment. Numerical  variation,  such  as  the 
presence  of  extra  lumbar  vertebrae, 
occurs  frequently  and  gives  rise  to 
many  interesting  speculations,  but  is 
not  an  apparent  factor  in  the  produc- 
tion of  strain. 

Variation  in  shape  is  a  frequent 
occurrence  in  the  dorsolumbar  and  lum- 
lx)sacral  regions.  In  the  former,  the 
differences  have  chiefly  to  do  with  the 
development  of  the  last  ribs.  They 
may  be  so  small  as  to  be  barely  visible, 
or  again  they  may  be  quite  long.  There 
is  also  corresponding  variation  in  the 
transverse  processes  of  the  first  lumbar 
vertebra,  and  the  relative  development 
of  these  two  processes  may  be  impor- 
tant in  determining  the  possibility  of 
nerve  compression  when  the  body  sags. 
In  the  case  of  the  fifth  lumbar,  the 
transverse  processes  may  show  great 
variation.  They  may  be  long  and  slen- 
der, or  heavy  and  fin  shaped.  They 
may  be  in  contact  with  the  top  of  the 
sacrum  or  the  mngs  of  the  ilium,  and 
may  form  true  joints  with  either  or 
l)oth  of  them.  In  this  case  the  stability 
of  tlie  lumbosacral  articixlation  is  in- 
creased, and  the  chief  strain  falls  at  the 
junction  of  the  fourth  and  fifth  lumbar 
vertebrae.  Frequently,  however,  this 
over-development  is  one-sided  only,  and 
then  it  is  easy  to  understand  that  an 
clement  of  cross  strain  is  brought  to 
l)ear  on  tlie  unsupported  side  and  that 
this  strain  may  affect  not  only  the  lum- 
bosacral region  but  the  sacro-iliac  liga- 
ments as  well.     (See  Figs.  3,  4,  5  and  6.) 
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Fig.  4.  —  Lumbar  spine.  Heavy  type.  The 
width  of  the  bodies  is  greater  than  their  height, 
and  the  transverse  processes,  particularly  tliose 
of  the  fifth  lumbar,  are  broad,  but  not  in  contact 
with  the  ilium.  The  ere.scentic  shape  of  the 
articular  proce.sses  is  well   shown  at  X. 

Variation  in  the  shape  of  the  articu- 
lar facets  at  the  lumbosacral  region  is 
also  common.  (See  Fig.  7.)  They  may 
be  quite  flat  and  may  look  forward  and 
backAvard  instead  of  facing  in  two  direc- 
tions, or  one  may  be  flat  and  the  other 
crescentic.  The  flat  articulation  gives 
stability  in  only  one  plane,  allows 
greater  motion,  and  is  less  well  adapted 
to  resist  strain  than  is  the  normal  cres- 
centic process.  An  asA-mmetrical  varia- 
tion is  essentially  a  poor  mechanical 
arrangement  and  likely  to  give  out 
under  the  influence  of  heavy  Avork. 
Other  variations  frequentlj'  seen,  which 
may  also  have  an  influence  on  back 
strain,  are  those  due  to  developmental 
defects.     These  include  incomplete  elo 


Fig.  o. — Lumbar  spine.  Mixed  type.  The  upper 
four  lumbar  vertebi-ae  are  of  the  .slender  type 
with  small  transverse  processes,  while  the  fifth 
lumbar  is  distinctly  broad  with  large  transverse 
proces.ses,  one  of  which  articulates  with  the  side 
of  the  ilium  and  the  top  of  the  sacrum.  What 
appears  to  be  the  first  lumbar  is  really  the  last 
dorsal,  there  being  an  articulation  for  the  costal 
element  visible  at  X. 

sure  of  the  spinal  arches,  or  spina 
bifida  occulta,  usually  involving  the  last 
lumbar  and  upper  sacral  vertebrae 
(Fig.  8),  imperfect  development  of  the 
body  of  the  fifth  lumbar,  and  twisting 
of  the  spinous  processes  from  excessive 
crowding  together  during  the  formative 
period  of  life. 

Diagnosis. — The  differentiation  of  the 
various  types  of  back  strain  is  always 
difficult  and  can  only  be  made  after 
elimination  of  all  other  types  of  bone 
and  joint  pathology,  such  as  tubercu- 
losis, syphilis,  arthritis,  and  neoplasm. 
A    complete    investigation    of    the    pa- 
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tient's  history  and  a  thorough  examina- 
tion mth  the  body  uncovered  are  essen- 
tial The  chief  points  to  be  noted  on 
examination  are  the  general  attitude 
and  body  contour,  the  position  of  the 
spine  when  standing,  presence  or  ab- 
sence of  hsting,  restricted  and  painful 
movements  of  the  spine  and  hips,  limi- 
tation of  flexion  of  the  hip  with  the 
knee  extended,  spasm  of  the  erector 
spinae  muscles,  and  points  of  tender- 
ness on  pressure  over  the  pelvic  joints 
or  spine.  The  length  of  the  legs  should 
be  compared  by  accurate  measure- 
ments, as  should  also  the  circumference 
of  the  thighs  and  legs.  Nerve  function 
should  be  carefully  determined  by  test- 
ing the  reflexes,  cutaneous  sensibility, 
and  voluntary  muscle  power.  Last,  but 
by  no  means  least,  the  examination 
should  include  rectal  examination,  ab- 
dominal palpation,  urinalysis,  and 
lilood-pressure  readings,  in  order  -  to 
eliminate  extraspinal  causes  of  back 
pain. 

Roentgenographic  examination  is  of 
distinct  help  not  only  in  eliminating 
other  bone  and  joint  lesions  but  because 
of  the  information  which  may  be  gained 
as  to  the  general  structure  of  the  spine 
and  the  presence  or  absence  of  anatomic 
variations.  The  effect  of  strain  is  often 
seen  in  the  calcification  of  ligaments, 
especially  the  iliolumbar,  or  in  the  dc 
velopment  of  small  hypertrophic  spur- 
about  the  affected  joints,  or  in  burs;i  1 
thickenings  between  the  transverse  pro 
cesses  of  the  fifth  lumbar  vertebra  ami 
the  top  of  the  sacrum.  The  plates 
should  include  stereoscopic  views  of  tlie 
lumbosacral  and  sacro-iliac  regions, 
and  anteroposterior  and  lateral  views 
of  the  lumbar  and  low  dorsal  spine. 

The  lesions  to  be  differentiated  under 
the  general  heading  of  back  strain  are: 
acute    traumatic    strain;    general    pos- 


tural strain;  dorsolumbar  strain;  lum- 
bosacral strain;  sacro-iliac  strain;  and 
combined  pelvic  joint  strain.  The 
classification  is  purely  clinical,  without 
reference  to  the  exact  anatomical  lesion, 
but  is  distinctly  helpful. 

Acute  Traumatic  Strain. — This  le- 
sion represents  a  rupture  of  ligamen- 
tous or  muscular  fibers  with  all  the 
phenomena  of  acute  injury.  The  con- 
nection between  trauma  or  violent  effort 
and  the  sudden  development  of  symp- 
toms is  always  definite.  There  is  acute 
pain,  localized  over  the  site  of  the  le- 
sion, which  is  increased  by  any  move- 
ment of  the  spine.  The  body  is  held 
rigidly,  spasm  of  the  erector  spinae 
muscles  is  great,  and  all  movements  of 
the  spine  are  resisted.    A  point  of  great 


I'^c.  t>, — Lumhur  si'iiir.  The  tr.-msvtTso  jirocpss 
(in  the  i-iglit  side  foi'tus  .1  true  artioxilntion  with 
th;'  siUTUiii  and  th(>  iUum.  The  omHisite  side  is 
iKit,  p<iiiall.v  well  siippiirted  and  has  tilted  down- 
ward witli  the  iiroductidM  of  scoliosis. 
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I'^G.  7. — Variation  in  sliape  of  articular  pro- 
cesses of  sacrum.  Roentgenogi-ams  of  specimens. 
( 1 )  Xornial  processes ;  both  crescentic.  (2)  Asym- 
metrical variation;  left  process  crescentic,  right 
flat.  (?,)  Symmetrical  variation;  both  processes 
fiat.  (4)  Asymmetrical  variation;  both  processes 
small    but   one   on   right  particularly  undeveloped. 

tenderness  to  i^ressure  may  usually  be 
demonstrated  over  the  seat  of  injury. 
From  its  location  and  from  the  analysis 
of  the  spinal  movements  which  are  most 
painful  a  fair  idea  of  the  structures  in- 
volved may  be  obtained. 

General    Postural    Strain.  —  In    this 


case  the  condition  is  one  of  general  mus- 
cular fatigue  and  ligamentous  strain 
and  is  not  confined  to  any  one  joint. 
The  complaint  is  of  dull  aching  in  the 
shoulders  and  low  back,  usually  not 
present  in  the  morning  hours  but  com- 
ing on  gradually  as  the  patient  becomes 
tired,  and  relieved  by  lying  down. 
Tlie  patient  is  of  the  slender,  asthenic 
type,  and  investigation  of  his  social  and 
occupational  status  usually  shows  that 
he  lives  under  conditions  of  poor  hy- 
giene and  is  employed  in  some  type  of 
work  which  is  particularly  fatiguing  or 
which  favors  the  adoption  of  faulty  pos- 
tural attitudes.  There  is  usually  no 
ner\-e     involvement    or    referred    pain. 


Fig.  8. — Congenital  defect.  Spina  bifida  occulta. 
Imperfect  closure  of  spinal  arch  of  first  sacral 
segment. 
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Examiuation  shows  poor  body  mechan- 
ics and  bad  postnre.  There  is  no  limi- 
tation of  the  movements  of  the  spine  or 
hips,  and  muscle  spasm  is  absent.  There 
may  be  points  of  tenderness  to  pressure 
between  the  sijinous  processes  in  the 
lumbar  region. 

Dorsolumbar  Sfraiu. — In  this  condi- 
tion the  pain  is  localized  at  the  dorso- 
lumbar junction.  There  may  be  only  a 
dull  steady  pain  or  there  may  be  ex- 
acerbations \\-ith  acute  knife-like  pain 
on  one  side  and  evidence  of  nerve  in- 
volvement with  pain  radiating  forward 
to  the  chest  along  the  course  of  the  in- 
tercostal nerve.  On  examination  there 
is  found  the  usual  sagging  of  the  spine 
in  the  erect  position.  Spinal  motions 
are  usually  moderately  limited  in  the 
affected  region  but  without  much  de- 
crease in  the  total  range  of  motion, 
owing  to  an  increase  in  the  movements 
of  the  vertebrae  above  and  below  the 
rigid  segment.  On  palpation,  spasm  of 
the  erector  spinae  muscles  can  be  dem- 
onstrated, and  there  is  marked  tender- 
ness, on  pressure,  high  in  the  costo- 
vertebral angle. 

Lumbosacral  Strain. — The  pain  may 
be  dull  or  acute  and  is  sometimes  local- 
ized in  an  indefinite  way  over  the  lower 
spine  and  hii^,  affecting  cliiefly  one  side, 
or  in  other  cases  is  referred  definitely 
to  the  lumbosacral  angle.  The  pain  is 
usually  asymmetrical,  and  sciatica  is  a 
frequent  symptom. 

Among  the  various  types  of  cases  of 
lumbosacral  strain,  one  in  ])articular  de- 
serves special  mention.  This  is  the 
stout  person  with  heavy,  protruding 
alxlomen.  In  order  to  accommodate  the 
increased  weight  in  front,  the  spine  is 
tilted  sharply  backward  at  the  lumbo- 
sacral junctio)),  with  production  of 
marked  ioi'dosis.  This  results  in 
strain  of  the  iliolumbar  and  lumbo- 
sacral ligaments,  willi  or  without  com- 


pression of  the  fourth  and  fifth  lumbar 
roots,  and  sciatic  pain. 

Examination  shows  long  standing  bad 
posture.  Spinal  movements  are  usually 
fairly  free  but  on  lateral  bending  the 
participation  of  the  lower  lumbar  verte- 
1n-ae  in  the  movement  is  often  greater 
in  one  direction  than  in  the  other.  For- 
ward bending  is  often  limited  by  spasm . 
of  the  hamstring  muscles,  limiting  the 
flexion  of  the  pelvis  on  the  hips.  On 
palpation  there  is  usually  local  tender- 
ness, on  deep  pressure,  in  the  lumbo- 
sacral angle  or  further  out  at  the  attach- 
ment of  the  ilioluml)ar  ligaments  to  the 
iliac  crests.  The  hip  motions  are  free 
but  flexion  of  the  hip  with  the  knee  ex- 
tended is  usually  limited  on  the  affected 
side  Careful  nerve  examination  may 
show  disturliances  of  cutaneous  sensi- 
bility, muscular  weakness,  and  atrophy. 

Sacro-Iliac  Strain. — The  typical  pa- 
tient is  usually  a  young  or  middle-aged 
woman,  who  has  had  one  or  several 
children.  The  pain  is  often  first  noticed 
during  pregnancy  when  the  normal 
physiological  relaxation  of  the  sacro- 
iliac ligaments  occurs.  Following  preg- 
nancy the  pain  persists  and  consists  of 
a  dull  ache  through  the  low  back,  radi- 
ating to  the  hips  and  legs.  Frequently 
the  pain  is  noticed  as  much  when  in  bed 
as  when  standing,  and  it  is  generally 
relieved  by  anything  tightly  encircling 
the  pelvis.  The  patient  is  usually  of 
the  slender  visceroptotic  type,  with  re- 
laxed abdominal  wall  and  generally  with 
l)oor  l)ody  mechanics.  The  lateral 
movements  of  the  spine  are  normal,  ])ut 
forward  and  backward  bending  are 
often  painful  or  limited.  Extreme  ab- 
duction and  external  rotation  of  the 
hips  are  often  painful,  and  there  is 
marked  limitation  of  the  straight  leg 
raising.  There  is  marked  tenderness, 
on  pressure,  over  the  posterior  sacro- 
iliac  ligaments   on   one   side,   and  this 
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may  extend  out  into  the  gh;teal  region. 
There  may  also  be  tenderness  on  pres- 
sure at  the  symphysis  pubis.  Lateral 
compression  of  the  crests  of  the  ilium 
may  l)e  painful,  and  if  the  individual  is 
thin,  tenderness  over  the  anterior  sur- 
face of  the  sacro-iliac  joint  may  be 
elicited  by  pressure  through  the  ab- 
domen. 

Combined  Pelvic  Joint  Strain  (Sci- 
atic Scoliosis).  — ■  Differentiation  be- 
tween strain  of  the  lumbosacral  and 
sacro-iliac  regions  is  always  difficult. 
In  the  more  acute  and  more  severe  con- 
ditions the  distinction  is  unnecessary 
because  it  is  probable  that  they  coexist, 
one  resulting  in  the  other.  Sciatic 
scoliosis  probably  represents  such  a 
condition.  It  usually  begins  quite  sud- 
denly with  severe  pain  in  the  low  back, 
and  is  followed  by  the  appearance  of 
the  characteristic  sciatica.  The  pain  is 
asymmetrical  and  so  severe  that  the 
patient  usually  takes  to  his  bed.  After 
a  variable  period  of  time  the  back  pain 
subsides  but  the  sciatic  pain  persists 
and  continues  to  be  acute. 

On  examination  the  spine  is  seen  to 
be  listed  to  one  side,  the  angulation  be- 
ginning at  the  lumbosacral  region,  and 
one  hip  is  more  prominent  than  the 
other.  All  movements  of  the  lower 
lumbar  spine  are  limited  and,  if  seen  in 
the  acute  stage  of  the  strain,  are  pain- 
ful. Abduction  and  external  rotation 
of  the  hip  increase  the  pain.  There  is 
great  limitation  of  the  straight  leg  rais- 
ing, so  that  on  the  affected  side  the  heel 
can  be  lifted  only  a  few  inches  from  the 
bed.  On  the  unaffected  side  there  is 
similar  but  less  mai'ked  limitation.  Ele- 
vation of  the  leg  on  the  unaffected  side 
causes  pain  on  the  opposite  and  affected 
side. 

Foot  Strain 

Anatomical    Considerations. —  Before 


considering  the  problem  of  foot  strain, 
the  arrangement  of  the  skeleton  of  the 
foot  should  be  recalled.  The  astragalus 
receives  no  direct  muscular  insertions 
of  its  own.  Its  motion  is  purely  pas- 
sive, being  the  resultant  of  the  motion 
of  the  bones  surrounding  it.  It  is  inter- 
130sed  between  the  tibia  and  fibula 
above,  and  the  os  calcis  below,  with  each 
of  which  it  articulates.  In  front  it  artic- 
ulates with  the  scaphoid  and,  by  way  of 
this,  with  the  cuneiforms  and  the  three 
inner  metatarsals.  The  os  calcis  has  on 
its  superior  surface  two  articular  facets 
which  support  the  astragalus,  and  it 
articulates  anteriorly  with  the  cuboid 
and,  by  way  of  this,  with  the  two  outer 
metatarsals  of  the  foot. 

The  motions  of  the  foot  are  dorsi- 
flexion  and  plantar  flexion,  supination 
and  pronation,  and  adduction  and  ab- 
duction. Dorsiflexion  and  plantar 
flexion  occur  at  the  astragalotibial  joint 
where,  on  account  of  the  mortise-like 
action  of  the  malleoli,  no  lateral  motion 
is  permitted.  Supination  and  prona- 
tion, or  inversion  and  eversion  of  the 
foot,  take  place  almost  altogether  at  the 
articulation  between  the  os  calcis  and 
the  astragalus,  and  are  accomplished  by 
an  oblique  rotation  of  the  os  calcis. 
Adduction  and  abduction  are  purely 
lateral  motions  of  the  forefoot,  and 
occur  chiefly  in  the  anterior  tarsal 
joints.  Normally  these  movements 
scarcely  exist  and  are  demonstrable 
only  as  a  sense  of  elasticity  in  the  fore- 
foot. 

The  foot  is  to  be  considered  as  an 
organ  highly  specialized  for  the  pur- 
pose of  bearing  weight.  Its  general 
arrangement  in  arches  conforms  to  the 
best  mechanical  principles  of  spring 
suspension.  Tlie  longitudinal  arch  di- 
vides the  weight  between  the  heel  and 
forefoot,  while  the  anterior  arch,  by 
distributing  the  weight  to  the  outer  and 
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inner  borders  of  the  foot,  gives  practi- 
cally a  three  point  support.  Normally 
most  of  the  weight  is  transmitted  to 
the  heel  and  head  of  the  first  metatarsal, 
the  outer  border  of  the  foot  serving  as 
the  stabilizing  arm  of  the  tripod  to  pre- 
vent it  from  capsizing. 

The  arches  do  not,  however,  possess 
any  inherent  strength  from  the  arrange- 
ment of  the  bones.  The  real  support  is 
derived  from  the  muscles,  both  intrinsic 
and  extrinsic,  as  may  be  demonstrated 
by  the  fact  that  the  arch  may  be  raised 
or  lowered  at  will. 

The  action  of  the  intrinsic  muscles  is 
hke  that  of  a  bow  string.  They  span 
the  arch  and  draw  the  anterior  and 
posterior  pillars  toward  each  other. 
The  action  of  the  extrinsic  muscles  is 
more  definitely  supportive.  The  tibialis 
anticus  exerts  a  direct  elevating  pull  on 
the  apex  of  the  arch.  The  tibialis  posti- 
cus passes  down  behind  the  internal 
malleolus  and  is  inserted  into  the  sca- 
phoid, and  then  spreads  out  across  the 
foot,  tending  to  sling  the  arch.  The 
peroneus  longus  has  almost  the  same 
function,  but  in  a  reversed  direction, 
passing  across  the  bottom  of  the  font 
from  the  outside  and  being  attached 
to  the  internal  cuneiform  and  first  me- 
tatarsal bones.  The  flexor  longus  hallu- 
cis  is  another  strong  muscle  with  direct 
supportive  function.  As  it  extends  for- 
ward to  the  great  toe  from  behind  the 
internal  malleolus,  it  passes  directly 
beneath  the  sustentaculum  tali,  which 
serves  as  a  pulley  to  change  the  direc- 
tion of  the  tendon.  \Yith  the  great  toe 
fixed  as  in  weight  bearing,  contraction 
of  this  muscle  elevates  the  sustentacu- 
lum and  supports  the  arch.  The  other 
muscles  of  the  foot  have  also  a  suppor- 
tive function  but  are  relatively  of  less 
imjjortance.     (See  Fig.  9.) 

Etiology  of  Foot  Strain.— As  has 
been  pointed  out  by  Osgood  and  Brown, 
none  of  the  muscles  of  the  foot  has  a 


simple  action.  "While  their  function 
may  be  supportive  when  the  foot  is 
supinated,  the  action  may  be  distinctly 
reversed  Avhen  the  foot  is  pronated. 
Supination  raises  the  arch,  wliile  pro- 
nation tends  to  flatten  it.  In  a  general 
way,  therefore,  the  supinating  muscles 
may  be  regarded  as  the  benevolent  or 
.supportive  group,  and  the  jironators  as 
the  malevolent  or  destructive  group. 
Preservation  of  normal  foot  balance  is 
dependent  upon  the  supinating  muscles 
being  stronger  than  the  prouating 
group.  When  the  strength  of  these 
muscles  is  measiired,  the  normal  ratio 
is  found  to  be  as  5:4,  in  favor  of  the 
supinators.  In  weak  feet  the  balance 
is  even,  and  in  conditions  of  foot  strain 
the  ratio  is  usualh*  reversed. 

The  height  of  the  arcli  has,  however, 
no  special  significance  in  relation  to 
foot  strain,  as  it  varies  normallv  with 


Fig.  U. — Mesial  asire<-r  uf  foot  showinii  arrange- 
ment of  tendons.  Xote  the  course  of  the  flexor 
longus  hallucis.  F.L.H.=flexor  longus  hallucis; 
F.L.D.  =  flexor  longus  digitoi-um ;  T.l'.  =  tibialls 
posticus:  As.  =  astragalus:  T..A..  =  tibialis  anticus: 
E.L.H.  =  extensor  longus  hallucis;  K.LD.=ex- 
teu.sor  longus  dlgitonnu :   .V.Il.  =  a(lihictor  hallucis. 

different  types  of  individuals.  The 
slender  type  of  body  is  usually  associ- 
ated with  a  slender,  high-arched  foot, 
while  with  the  heavy  type  of  body  the 
arch  is  normally  low  and  the  foot  broad. 
In  the  former  a  slight  degree  of  strain 
may  prove  exceedingly  painful,  whereas 
in  the  latter  the  foot  may  be  perfectly 
strong  with  normal  muscle  balance  and 
yet  the  arch  may  be  so  low  as  barely 
to  esca])('  coiitnct  with  tlie  ground. 
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Nevertheless,  relaxation  of  the  foot 
with  flattening  of  the  arch  is  commonly 
associated  with  foot  strain.  When  the 
normal  muscular  siapport  weakens,  the 
strain  falls  on  the  ligaments,  but  these 
being  plastic  structures  stretch,  and 
deformity  follows.  The  foot  pronates 
and  the  os  calcis  rotates  outward.  The 
head  of  the  astragalus  pitches  down- 
ward and  inward,  exerting  a  direct 
thrust  on  the  calcaneoscaphoid  ligament 
and  forming  an  abnormal  prominence. 
At  first  the  deformity  may  be  correct- 
ible,  but  with  time  the  ligaments  become 
tightened  in  their  new  position  and 
actual  bony  changes  may  occur.  The 
forepart  of  the  foot  is  abducted,  owing 
to  the  pushing  do\^^lward  and  forward 
of  the  head  of  the  astragalus.  The 
inner  border  of  the  foot,  instead  of  re- 
maining straight,  becomes  convex,  mo- 
tion is  limited,  and  correction  of  the 
deformity  becomes  impossible. 

Although  it  is  possible  anatomically 
to  differentiate  between  the  anterior 
and  the  longitudinal  arches,  from  the 
physiological  standpoint  such  distinc- 
tion is  purely  artificial.  They  are  so 
closely  interrelated  in  the  function  of 
weight  bearing  that  relaxation  in  one 
is  certain  to  be  associated  with  weaken- 
ing of  the  other.  From  the  clinical 
standpoint,  however,  this  distinction  is 
helpful  as  symptoms  may  appear  more 
prominently  in  one  than  in  the  other. 

The  causes  of  foot  strain  as  usually 
given  are  multitudinous  and  include 
such  things  as  sudden  increase  in  body 
weight,  change  from  a  sitting  to  a  stand- 
ing occupation,  or  conditions  of  a  gen- 
eral nature,  such  as  long  illness,  gen- 
eral del)ility,  inactivity,  and  all  other 
factors  which  may  result  either  in  over- 
use and  fatigue  of  the  muscles,  or  in 
weakening  of  the  muscles  and  loss  of 
normal  tone.  Of  far  greater  impor- 
tance, however,   are  the   eiTects  of  im- 


proper shoeing  and  faulty  use  of  the- 
body. 

Improper  shoes  may  lead  to  foot 
strain  in  several  different  ways.  Point- 
ed shoes  croAvd  the  toes  and  distui'b  the 
balance  of  the  anterior  arch.  High 
heels  transfer  the  entire  thrust  of  the 
l)ody  weight  to  the  forefoot  and  lead  to 
relaxation  of  the  anterior  arch  and 
weakening  of  the  general  supportive 
mechanism.  Most  shoes  are  too  short 
for  the  feet  they  contain,  and  in  weight 
bearing  the  normal  spring  of  the  longi- 
tudinal arch  is  prevented.  The  foot 
must  expand  in  some  manner  and,  since 
the  toe  cap  prevents  expansion  from 
talving  place  in  the  forward  direction, 
it  occurs  transversely  \\-ith  flattening- 
and  broadening  of  the  anterior  arch. 
This  interferes  with  the  proper  func- 
tioning of  the  foot,  weakening  it  to  snch 
an  extent  that  strain  may  sooner  or 
later  occur. 

Faultj^  use  of  the  body  weakens  the 
foot  by  neglect  of  the  normal  weight- 
bearing  mechanism.  The  foot  is  de- 
signed for  use  when  the  body  is  in  the 
erect  posture.  I]i  this  position  the 
weight  of  the  body  is  transmitted  to 
the  apex  of  the  arch  with  a  perpendicu- 
lar thrust  which  permits  its  even  dis- 
tribution betAveen  the  heel  and  the  fore- 
foot. Balance  is  easily  maintained  by 
normal  muscular  tone  and  the  work  is 
evenly  divided  among  the  various  mus- 
cles. In  positions  of  faulty  posture, 
however,  this  is  not  the  case.  The 
weight  falls  more  heavily  on  the  heels, 
and  certain  of  the  muscles  are  relaxed 
while  others  carry  more  than  their  fair 
share  of  the  load.  The  overworked 
muscles  become  fatigued  and  lose  their 
tone,  while  those  which  are  not  suffi- 
ciently used  atrophy.  The  inevitable 
result  is  weakening  of  the  foot,  distur- 
bance of  muscle  balance,  and  ultimate 
strain. 
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Faulty  gait  is  included  under  the 
same  general  heading.  The  primitive 
gait  is  one  in  which  the  foot  is  pointed 
directly  forward.  In  this  position,  not 
only  are  the  extrinsic  and  intrinsic  mus- 
cles of  the  foot  utilized  to  the  best  ad- 
vantage but  considerable  additional  sup- 
port is  obtained  from  the  short  external 
rotating  muscles  of  the  hip  which,  when 
the  foot  is  fixed  on  the  ground,  as  in 
Aveight  bearing,  exert  a  distinct  supinat- 
ing  effect.  It  is  a  matter  of  common 
observation  that  the  usual  gait  of  most 
people  is  one  with  the  toes  pointing  out- 
ward. In  this  position  no  support  is 
derived  from  the  hip  muscles,  and  as 
the  foot  is  used  it  is  habitually  pro- 
nated. 

Diagnosis. — In  the  differentiation  of 
various  conditions  affecting  the  feet,  it 
is  as  necessary  to  obtain  a  careful  his- 
tory as  in  any  more  general  complaint. 
Special  inquiry  should  be  directed  to- 
ward the  various  causes  wliich  have 
already  been  mentioned.  The  examina- 
tion should  include  inspection  in  the 
standing  and  walking  positions,  ^vith 
especial  reference  to  posture,  general 
musculature,  and  gait.  Presence  or  ab- 
sence of  pronation  should  be  noted,  and 
the  posterior  aspect  of  the  heels  ob- 
served for  outward  rotation  of  the  os 
calcis.  Abduction  of  the  forefoot, 
broadening  of  the  anterior  arch,  and 
hallux  valgus  may  be  readily  perceived. 
The  presence  or  absence  of  congestion, 
swelling,  abnormally  free  perspiration, 
etc.,  are  also  important.  Corns  denote 
boot  pressure,  and  search  should  be 
made  on  the  plantar  surface  for  callosi- 
ties, the  sign  of  abnormal  weight  bear- 
ing. The  shoes  should  also  be  examined 
to  see  whether  their  lines  are  good  or 
bad.  Bulging  of  the  anterior  portion 
usually  indicates  bad  fitting,  while  the 
presence  of  worn-over  edges  at  the  lieels 


gives  an  indication  of  the  usual  tread. 

Examination  of  the  feet  should  in- 
clude a  careful  search  for  points  of  ten- 
derness, -nith  especial  reference  to  the 
attachments  of  the  calcaneoscaphoid 
and  plantar  ligaments  and  the  under 
surfaces  of  the  metatarsal  heads.  All 
motions  of  the  foot,  including  dorsi- 
flexion  and  plantar  flexion,  supination 
and  pronation,  adduction  and  abduc- 
tion, and  motions  of  the  toes,  should  be 
tested.  Painful  or  limited  movements 
should  be  analyzed  from  the  standpoint 
of  the  joint  involved  and  of  the  struc- 
tures surrounding  that  joint. 

Considerable  help  may  be  obtained 
liy  determining  the  strength  ratio  of  the 
supinating  and  the  pronating  muscle 
groups.  This  may  be  readily  measured 
by  a  spring  balance,  one  end  being 
fastened  to  the  forefoot  and  the  other 
to  a  flat  wooden  support  on  which  the 
heel  rests.  During  the  test  the  knee 
should  be  supported  by  the  hands  to 
prevent  rotation  of  the  femur  and  use 
of  the  hip  muscles.     (See  Fig.  10.) 

The  various  types  of  foot  strain  to  be 
ditferentiated  are  the  following: 
1.     Acute  foot  strain. 
'1.     Metatarsalgia. 
3.     Chronic  foot  strain. 

a.  Chronic     strain     with      only 

slight  pronation. 
/;.  Chronic  strain  with  pronation 

but  no  rigidity. 
c.  Rigid  flat  foot. 
Acute  Foot  Strain. — This  condition 
occurs  either  as  the  result  of  trauma  or 
as  an  acute  giving  way  of  the  support- 
ing structures  of  the  foot  from  excessive 
use  or  unaccustomed  activity.  It  may 
develop  suddenly  or  may  follow  pro- 
dromal symptoms  which  have  been  dis- 
regarded. 

The  chief  sjTuplom  is  severe  pain 
localized  over  the  mesial  and  posterior 
])laiitar  aspects  (if  the  feet,  and  radiat- 
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ing  up  the  legs  to  the  knees.  The  pain 
is  constant  but  is  much  increased  by 
weight  bearing.  Walking  is  difficult  and 
limping  occurs. 

Examination  shows  little  or  no  pro- 
nation, and  the  feet  may  appear  quite 
normal  save  for  moderate  congestion. 
There  is  no  restriction  of  motion  but 
supination  and  pronation  may  be  slight- 
ly painful.  There  is  marked  tenderness 
on  pressure  over  a  rather  large  area 
under  the  forward  portion  of  the  os 
calcis  extending  to  the  mesial  surface, 
and  this  tenderness  may  be  accompan- 
ied by  slight  swelling. 

Mefatarsalgia. — This  condition  is  due 
to  relaxation  of  the  anterior  arch  with 
strain  of  the  supporting  ligaments  and 
painful  pressure  on  bones  which  nor- 
mally should  not  bear  weight.  The 
complaint  is  ahvays  of  pain  under  the 
ball  of  the  foot.  On  examination  the 
forefoot  is  found  to  be  flattened  trans- 
versely and  broadened.  The  toes  appear 


Fig.  10. — Determination  of  relative  strengrth  of 
supinating  and  pronating  muscles.  Measuring  the 
strencrth   of   tlie  supinators. 


crowded  together,  and  the  great  toe 
deviates  outward  instead  of  pointing 
straight  ahead.  Callosities  can  usually 
be  found  on  the  plantar  surface  under 
the  middle  of  the  transverse  arch,  and 
pressure  on  the  heads  of  the  second, 
third,  and  fourth  metatarsals  from  the 
plantar  surface  is  painful. 

"Morton's  toe"  is  a  special  form  of 


metatarsalgia.  The  complaint  is  classi- 
cal and  consists  of  intermittent  attacks 
of  severe  pain  localized  at  the  base  of 
the  fourth  toe.  The  attacks  come  on 
without  assignable  cause,  usually  while 
the  person  is  walking  along  the  street, 
and  the  pain  is  so  severe  that  the  shoe 
must  be  removed  immediately  and  the 
toe  manipulated  in  order  to  obtain  re- 
lief. The  cause  has  never  been  com- 
pletely established,  but  the  condition  is 
always  associated  with  relaxation  of 
the  anterior  arch,  and  in  certain  posi- 
tions it  is  probable  that  a  digital  branch 
of  the  plantar  nerve  is  compressed  be- 
tween the  adjacent  metatarsals. 

Chrome  Foot  Strain. — The  symptoms 
are  subacute  and  appear  gradually. 
There  is  at  first  a  feeling  of  excessive 
fatigue  in  the  feet  and  inability  to  stand 
without  constantly  sliifting  the  Aveight 
first  to  one  foot  and  then  to  the  other. 
Gradually  the  feet  become  definitely 
painful,  the  pain  being  noticed  chiefly 
during  the  day  when  one  is  standing  or 
walking,  or  in  the  evening  following  a 
day  of  severe  exertion.  The  pain  is 
distributed  rather  indefinitely  to  the 
feet  and  legs.  On  examination  different 
degrees  of  the  condition  may  be  differ- 
entiated. 

a.  In  the  first  stage,  there  is  only 
slight  pronation  and  all  movements  may 
be  performed  wthout  pain  or  limita- 
tion. The  only  positive  signs  are  alter- 
ation of  the  normal  muscle  balance,  re- 
vealed by  measurement  with  the  spring 
balance,  and  slight  tenderness  on  pres- 
sure under  the  calcaneoscaphoid  liga- 
ment. 

b.  In  the  second  stage,  there  is  well- 
marked  pronation  of  the  feet  but  no 
limitation   of  motion. 

c.  In  the  third  stage,  there  is  not  only 
marked  pronation,  but  definite  limita- 
tion of  movement  as  well.  The  feet 
may  be  almost  rigid,  owing  to  the  con- 
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traction  of  ligaments  and  mnscles,  or 
there  may  be  true  ankylosis  resulting 
from  an  arthritis.  In  other  cases  the 
limitation  mar  apply  only  to  certain 
mo^'ements,  the  others  remaining  free. 
In  this  case  the  rigidity  is  due  to  muscle 
spasm  involving  either  the  peroneal  or 
gastrocnemius  muscle  groups.  The  lat- 
ter occurs  quite  frequently  in  persons 
accustomed  to  -wearing  high  heels,  and 
is  of  itself  an  important  factor  in  the 
l^roduction  of  foot  strain. 

Back  and   Foot  Strain   Considered 
Jointly 

From  what  has  been  said  under  tlie 
separate  consideration  of  back  and  foot 
strain,  it  has  been  seen  that  faulty  body 
mechanics  is  the  essential  factor  in  the 
production  of  both.  In  the  former,  the 
mechanical  derangement  is  one  of  pos- 
ture ;  in  the  latter,  it  is  not  only  a  ques- 
tion of  posture  but  in  addition  one  of 
gait  and  interference  ^vith  foot  function 
hy  improper  shoes. 

It  is  evident,  therefore,  that  the  two 
conditions  are  closely  related.  Wliether 
the  sym^itoms  first  appear  in  the  spine 
or  in  the  feet,  depends  chiefly  upon 
where  the  greatest  strain  falls  and  also 
upon  the  individual's  point  of  least  re- 
sistance. The  two  conditions  may  be 
present  at  the  same  time,  and  it  is  often 
difficult  to  determine  whether  the  ease 
is  primarily  one  of  back  strain  or  foot 
strain.  The  practical  import  of  this  is 
that  in  some  instances  foot  symptoms 
may  be  secondary  to  back  strain,  wliile 
in  others  a  complaint  of  backache  may 
be  relieved  by  treatment  of  the  feet. 

The  fundamental  law  of  body  mechan- 
ics is  that  a  line  dropped  through  the 
center  of  gravity  must  fall  within  the 
base  of  support.  This  is  essential  to  the 
upright  position.  If  any  portion  of  the 
skeleton  lies  in  front  of  the  center  of 


gravity,  it  must  be  counterpoised  by  a 
compensatory  projection  behind  the  line 
to  keep  the  center  of  gravity  over  the 
base  of  support  as  represented  by  the 
feet.  In  the  normal  erect  posture  -with 
the  head  back,  chest  up,  abdomen  in,  and 
the  spinal  curves  relatively  flat,  a  line 
dropped  from  the  atloido-occipital  joint, 
the  highest  joint  in  the  body,  should  fall 
l^erpendicularly  through  the  astragalo- 
scaphoid  articulation,  the  apex  of  the 
longitudinal  arch.  AVhen  this  occurs, 
the  body  is  in  the  position  of  greatest 
stability. 

When  this  position  is  altered  by  sag- 
ging of  the  body  at  any  point,  compen- 
sation is  obtained  by  a  corresponding 
change  at  some  other  point.  The  skele- 
ton possesses  inmaense  resources  for 
compensation  in  this  way,  and  thus 
faulty  body  mechanics  may  be  sup- 
ported for  a  long  time  without  actual 
damage.  The  more  the  reserve  com- 
pensatory power  is  diminished,  how- 
ever, the  nearer  the  appearance  of 
symptoms  of  strain.  The  ability  to 
compensate  varies  with  each  individual 
and  seems  to  be  dependent  upon  the 
skeleton  structure,  and  it  is  in  this  con- 
nection that  variations  in  anatomic 
structure  seem  so  important. 

Prevention 

For  the  last  few  years  at  several  uni- 
versities all  the  members  of  the  enter- 
ing classes  have  been  systematically  ex- 
amined and  an  attempt  made  to  group 
them  according  to  whether  their  body 
mechanics  were  (A)  very  good;  (B) 
good;  (C)  poor;  or  (D)  very  poor. 
(See  Fig.  11.)  Those  falling  in  groups 
C  and  D  have  been  selected  for  treat- 
ment by  corrective  exci'ciscs  and  demon- 
stration of  llic  ])r()pcr  use  nf  the  body. 
It  has  been  found  surprisingly  easy,  in 
a  large  number  of  these  cases,  to  correct 
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bad  habits  of  many  years'  standing,  so 
that  individuals  have  been  brought 
from  group  D  to  C  or  even  to  B. 

Prevention  of  back  and  foot  strain 
among  industrial  workers  resolves  itself 
into  the  introduction  of  a  similar  pro- 
cedure. Certainly  much  can  be  said  in 
favor  of  such  a  plan,  and  the  advan- 


FiG.   11. — Tracings  made  duriug  examination  of 
7(K)  Harvard  Freshmen. 


Group  A. — 7.5%.  Good  mechanical  use  of  the 
'human  body:  (1)  head  straight  above  chest,  hips 
and  feet;  (2)  chest  up  and  forward;  (3)  abdomen 
in  or  flat;  (4)  back,  usual  curves  not  exaggerated. 

Group  B. — 12.59c.  Fairly  good  mechanical  use 
of  the  human  body.  Note  changes  from  Group  A : 
<1)  head  too  far  forward;  (2)  chest  not  so  well 
up  or  forward  ;  (  3)  abdomen,  very  little  change  ; 
(4)   back,  very  little  change. 

Group  C. — .55%.  Bad  mechanical  use  of  the 
human  body.  Note  changes  from  Group  A:  (1) 
head  forward  of  chest;  (2)  chest  flat;  (3)  abdo- 
men relaxed  and  forward;  (4)  back  curves  exag- 
gerated. 

Group  D. — 25%.  Very  bad  mechanical  use  of 
the  human  body.  Note  changes  from  Group  A; 
(1)  head  still  farther  forward;  (2)  chest  still 
flatter  and  farther  back;  (3)  abdomen  completely 
relaxed — •"slonehy" ;  (4)  back,  all  curves  exag- 
gerated to  the  extreme. 

tages  in  the  way  of  better  general 
health,  increased  efficiency,  and  de- 
creased disability  "would  probably  more 
than  offset  any  objections  which  might 
be  raised.    It  should  at  least  be  possible 


to  make  a  beginning  by  application  of 
the  procedure  to  all  new  employees.  An 
element  of  compulsion  is  advantageous 
and  should  consist  of  placing  individu- 
als with  poor  body  mechanics  on  proba- 
tion for  a  certain  period,  holding  regu- 
lar employment  and  full  pay  as  the 
prizes  to  reward  good  work  and  correc- 
tion of  faulty  statics. 

Tee.\tment 

Treatment  of  the  various  lesions  that 
have  been  outlined  is  again  fundamen- 
tally a  matter  of  correcting  faulty  body 
mechanics.  The  conditions  here  are 
different,  however,  because  we  are  deal- 
ing with  ligaments  that  are  already 
f;trained  and  muscles  that  are  fatigued. 
The  immediate  institution  of  corrective 
oxercises  is  no  more  logical  than  whip- 
ping a  tired  horse  to  make  him  trot. 

The  first  and  immediate  requirement 
is  rest.  Complete  rest  of  the  affected 
structure  can  only  be  obtained  by  re- 
cumbency in  bed  with  the  removal  of 
gravity  as  a  deforming  influence.  This 
is  necessary  in  the  severe  cases  and 
advantageous  even  in  the  mild  cases,  in 
that  it  hastens  recovery.  When  com- 
plete recumbency  is  inadvisable  or  un- 
necessary, the  injured  structures  should 
be  rested  by  the  application  of  some 
type  of  brace  which  removes  the  strain 
and  secures  relaxation  of  the  ligaments. 

In  the  case  of  back  strain  this  re- 
quirement is  met  by  the  application  of  a 
simple  type  of  brace  which  spans  the 
exaggerated  lumbar  curve  against  which 
the  lower  spine  may  be  flattened  by 
means  of  a  belt  encircling  the  pelvis 
and  exerting  an  upward  lift  on  the  ab- 
domen. (Figs.  12  and  13.)  The  appli- 
cation of  a  tight  adhesive  strapping 
across  the  back  of  the  pelvis  gives  re- 
lief in  certain  cases,  particularly  those 
with    sacro-iliac    strain.      In    cases    of 
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acute  traumatic  sprain  the  strapping 
should  extend  well  above  the  pelvis  and 
be  placed  in  such  a  manner  as  to  limit 
the  function  of  the  injured  muscles 
or  ligaments.  Frequent  rest  periods 
through  the  day,  even  though  of  short 
duration,  are  important.  Hot  fomenta- 
tions applied  along  the  length  of  the 
spine  twice  a  day  are  helpful  in  produc- 


obtained  by  different  types  of  braces 
or  dressings.  The  longitudinal  arch 
may  be  padded  with  felt  and  retained 
by  a  stirrup  strapping  of  adhesive 
which  holds  the  foot  well  supiuated. 
(Fig.  14.)  The  anterior  arch  may  be 
similarlj-  supported  by  an  encircling 
band  of  adhesive  ^\•ith  felt  pads  placed 
beneath  the  metatarsals.     More  perma- 


Fiti.  V. 
strain. 


-Short  back  brace  used  in  ease  of  back 


ing    local    congestion    and    stimulating 
repair. 

In  the  case  of  foot  strain  one  of  the 
first  steps  should  be  the  replacement  of 
improper  footwear  by  shoes  of  good 
line  and  ample  size.  Rest  and  relaxa- 
tion of  the  strained  structures  mav  ])e 


f  back  liraee. 

nent  support  may  be  obtained  by  the 
use  of  Thomas'  heels,  the  inner  border 
being  raised  ^/i  inch  and  extended  for- 
ward lo  to  34  inch.  (See  Fig.  15.) 
Painful  pressure  on  the  metatarsal 
heads  may  be  relieved  by  nailing  a  strip 
of  leather  1  inch  wide  and  ^4  inch  thick 
obliquely  across  the  sole  just  behind  the 
tender  area.  This  is  illustrated  in 
Figure  IG. 
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Fig.  14. — Adhesive  strapping  for  foot  strain. 
Foot  strapped  in  inversion. 

In  mild  cases  sufficient  support  may 
be  obtained  for  the  longitudinal  arch 
by  the  use  of  a  figiare  8  leather  ankle 
strap,  or  for  the  anterior  arch  by  a 
laced  leather  foot  cuff.  (See  Figs.  17 
and  18.)  The  use  of  foot  plates  is  more 
difficult  and  in  only  a  small  percentage 
of  the  cases  are  they  necessary.  Stock 
plates  of  different  sizes,  types  of  which 
are  shown  in  Figure  19,  may  be  kept  on 
hand  or  plaster  impressions  of  the  feet 
may  be  taken  from  which  special  sup- 
ports can  be  made.  Alternating  hot 
and  cold  contrast  baths  are  helpful  in 


Fig.  16. — Metatarsal  bar  Vt  inch  thick  extending 
across  sole  just  behind  the  heads  of  the  meta- 
tarsals. 

improving  the  circulation,  and  the  feet 
should  be  kept  elevated  as  much  as 
possible. 

In  both  the  back  and  foot  cases  after 
a  sufficient  period  of  rest,  as  sho\vn  by 
the  subsidence  of  the  painful  symptoms, 
corrective  postural  training  should  be 
begun.  Not  only  should  the  essentials 
of  good  posture  be  demonstrated  but 
the  patient  should  be  shown  in  a  mirror 
in  what  respects  his  own  body  mechanics 
are  bad.  He  must  be  taught  how  to 
flatten  the  spine  and  pull  himself 
erect.  The  abdominal  muscles  must  be 
strengthened  and  he  must  learn  to  ro- 


FiG.    15. — Thomas'    heels.      Inner    border    raised  Fig.   17. — Figure   S  ankle  straps  for   support  of 

%   inch  and  extended  forward  \-i  inch.  weak  feet. 
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tate  the  pelvis,  in  order  to  decrease  its 
inclination,  and  to  hold  the  chest  ele- 
vated and  breathe  with  the  diaphragm. 
In  cases  of  foot  strain,  in  addition  to 


ing    the     supinator    muscles     and    toe 
fiexors. 

Last  to  be  considered  are  the  cases 
of  rigid  flatfoot.     The  problem  here  is 


Fig.  is. — Anterior  arch  cuffs  for  relief  of  meta- 
tarsalgia. 


postural  training,  emphasis  should  be 
placed  on  the  correction  of  improper 
gait  by  toeing  straight  ahead  or  shghtly 
inward,  thus  using  the  extrinsic  leg 
muscles  to  support  the  arches.  Special 
exercises,  such  as  picking  up  marbles 
with  the  toes,  are  helpful  in  strengthen- 


l"iG.    19. — Different   types   of   arch   supports    re- 
quired for  extreme  cases. 

to  restore  flexibility.  The  contracted 
tendo  achillis  may  be  stretched  out  by 
proper  exercises.  Peroneal  spasm  may 
require  manipulation  or  open  operation. 
Ankydosed  feet  require  open  operation 
"\\'ith  simple  osteotomy  or  removal  of  a 
wedge  of  bone  to  restore  the  normal 
lines  of  weight  bearing. 


OCCUPATIONAL    SICKNESS:    A    EEVIEW 


E.  A.  RusHEK,  F.I.A. 

Investigator  for   the   Industrial    FutUjuc    Research    Board,    London 


Introduction 

'TpHE  increasing  interest  taken  in  the 
study  of  such  questions  as  hours 
of  labor,  rest  pauses,  ventilation,  and 
lighting,  has  compelled  more  and  more 
recognition  of  the  fact  that  unhygienic 
conditions  in  factory  or  workshop  must 
sooner  or  later  result  in  reduced  vitali- 
tj^,  which  in  its  turn  produces  lessened 
output  with  consequent  financial  loss 
to  both  employer  and  employed.  Con- 
versely, it  may  be  said  that  where  re- 
duced vitality  is  found  to  exist  it  is 
caused  by  some  unhygienic  condition. 
Thus,  reduced  vitality  becomes  a  finger 
post  pointing  the  direction  to  further 
research. 

Hence  some  attempt  should  be  made 
to  obtain  a  measure  of  it  in  various 
industries.  In  England  and  Wales  the 
Registrar  General's  Occupational  Mor- 
tality Returns  are  generally  used  for 
this  purpose.  For  instance  in  1910  to 
1912  (the  last  available  data),  while 
the  comparative  mortality  among  males 
for  the  whole  country,  from  all  causes, 
was  790,  that  among  stone-getters  and 
masons  was  1,427,  among  cutlers  and 
scissor-makers  1,285,  among  potters 
and  earthenware-makers  1,196.  The 
reduced  vitality  shown  in  these  three 
industries  is  due  mainly  to  imhygienic 
conditions  conducing,  to  the  inhalation 
of  dust  and  producing  a  special  form 
of  phthisis. 

As  is  well  kno^\^l,  several  causes 
combine  to  make  these  ofiBcial  mortali- 
ty returns  unsatisfactory.      They   are 

♦Received   for  publication  Jan.  28,  1922. 


puljlished  only  at  intervals  of  ten  years. 
They  refer  only  to  the  occupation  in 
which  a  man  is  believed  to  have  been 
engaged  at  the  time  of  death.  Reduced 
vitality  may  not  always  lead  directly 
to  death,  and  impairment  of  health  not 
infrequently  leads'  to  change  of  occu- 
pation; with  the  result  that  the  death 
is  credited  to  the  secondary  occupation 
and  not  to  that  which  has  actually  pro- 
duced it.  Moreover,  the  effect  of  any 
change  in  industrial  conditions  takes 
long  to  show  itself  in  mortality,  while 
the  conditions  of  an  industry  may 
themselves  be  undergoing  rapid  change, 
as  in  the  case  of  the  boot  and  shoe 
trade — a  trade  which  has  been  com- 
pletely revolutionized  within  the  last 
quarter  of  a  century. 

Sickness  affords  a  more  satisfactory 
measure.  It  not  only  makes  its  effect 
felt  much  more  quickly,  but  generally 
occurs  while  the  victim  is  at  his  occu- 
pation, to  which  he  usually  returns 
again  when  sufficiently  recovered. 

Previous  Investigations 

American. — The  value  of  investiga- 
tions into  the  occupational  incidence  of 
sickness  is  being  more  and  more  real- 
ized both  in  Grreat  Britain,  and  on  the 
Continent,  and  in  the  United  States.  In 
the  United  States  two  interesting  at- 
tempts have  been  made  recently  to  ob- 
tain information  as  to  occupational  sick- 
ness. 

1.  Between  1915  and  1920  the  Met- 
ropolitan Life  Insurance  Company  of 
New  York  published  ten  treatises  on 
the   subject,   of  which  the  last,  under. 
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the   title   of   "Some   Recent  Morbidity 
Statistics"  (1),  was  published  in  1919, 
and    summarized   the    results    obtained 
in  the   others.      The   regions    selected 
were  Rochester,  N.  Y.,  North  Carolina, 
Boston,   Mass.,  Chelsea    (N.  Y.   City), 
Pittsburgh,    Pa.,    West    Virginia,    and 
Kansas  City.     The  surveys  were  made 
during    1915,    1916,    and  ^  1917    by   the 
agents    of    the    company    when    going 
their  rounds  of  weekly  collections,  and 
were  generally  spread  over  a  fortnight, 
different   regions   being  dealt   mth  at 
different  times  of  the  year.     The  par- 
ticulars included  statements  as  to  the 
number  of  persons    visited,   age.   sex, 
whether  in  good  health  or  sick,  and,  in 
the  latter  case,  the  cause  of  sickness, 
its  duration,  and  whether  it  was  suffi- 
ciently severe  to  incapacitate  for  work. 
The    figures    are    interesting    as    they 
bring  out  the  fact  that  the  main  causes 
of  illness  were  in  all  localities  the  same 
— viz.,   external    violence,    rheumatism, 
influenza  and  other  epidemic  diseases. 
No  mention  was  made  of  alcoholism  or 
venereal  diseases,  but  these  were  doubt- 
less concealed  under  some  more  obvi- 
ous ailments.     Information  as  to  occu- 
pation  was,  however,  very  scanty,   so 
that  the  results  give  very  little  more 
than  the  sickness  prevailing  in  the  par- 
ticular region  at  the  actual  moment  that 
the  inquiries   were   made,   and  do   not 
throw  light  upon  its  occupational  inci- 
dence. 

2.  In  December,  1920,  the  Statisti- 
cal Office  of  the  United  States  Public 
Health  Service  (2)  gave  the  first  re- 
sults of  an  attempt  to  "collect,  tabu- 
late and  publish  information  concern- 
ing the  prevalence  of  diseases  among 
the  wage-earning  population."  The 
figures  were  supplied  by  "sick-benefit 
associations  of  the  employees  of  cer- 
tain plants,  which  are  cooperating  with 
*the  Public  Health  Service."     They  are 


for  the  first  half  of  1920,  and,  being 
in  the  nature   of  a  first   attempt,   are 
somewhat    fragmentary.       They    show 
the  number  of  cases  of  sickness  caus- 
ing inability  to  work  for  one  week  or 
longer  in  each  month  of  onset,  and  give 
the  cause.     No  information  is  given  as 
to  age,  neither  are  the  sexes  differenti- 
ated, but  it  is  stated  that  females  con- 
stitute a  negligible  proportion.     A  dis- 
turbing factor  was   the   occurrence  of 
ei^idemic    influenza    in    the    first    three 
months,  accounting  for  half  the  total 
cases   in  January  and   February,   and 
one-third    in    March.      No    attempt    is 
made  to  classify  the  data  occupation- 
ally,  but  the  hope  is  held  out  of  more 
detailed  analysis  in  later  publications. 
If  this  gives  the  data  in  occupations, 
useful  light  may  in  time  be  thrown  on 
the  causes  of  occupational  sickness  in 
the  United  States.    The  rates  shown  in 
different  associations  vary  widely,  lead- 
ing to  the  remark  that  "these  marked 
differences  afford  strong  reason  for  a 
careful  study  not  only  of  the  causes  of 
illness  in  the  different  plants,  but  of 
the  conditions  which  give  rise  to  them. 
.     .     .     The  value  of  statistics  of  this 
nature  A\ill,  it  is  believed,  become  more 
manifested  as  they  accumulate." 

C  out  mental.- — In  Germany  and  Aus- 
tria the  operations  of  the  systems  of 
sickness  and  invalidity  insurance  for 
the  past  tliirty  or  forty  years  have  en- 
abled several  investigations  to  be  made. 
Some  of  these  are  reported  by  Blaschke 
(3)  and,  in  more  detail,  by  Prinzing  (4). 
These  were  both  published  in  1906,  but 
it  was  not  until  four  years  later  that 
one  of  the  best  and  most  comprehen- 
sive analyses  became  available.  This 
is  the  Leipzig  Sickness  and  Mortality 
experience  1887-1905,  published  in  1910 
(5).  It  gives  the  number  of  cases  and 
the  days  and  causes  of  illness  experi- 
enced in  twenty-four  main  occupations 
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among  insured  members  in  the  sickness 
associations  in  Leipzig  and  its  neigh- 
borhood. Tlie  authors  considered  tliat 
the  experience  Avas  sufhciently  represen- 
tative of  tlie  insured  industrial  popula- 
tion of  the  Avhole  country  to  be  treated 
as  a  fair  guide.  The  main  industries 
were:  (a)  for  men — building  trade  (17 
per  cent.),  metal  industry  (16  per 
cent.),  printing  and  paper  (11  per 
cent.),  offices  and  shops  (10  per  cent.) ; 
(b)  for  women — printing  and  paper 
trade  (22  per  cent.),  tailoring  (20  per 
cent.),  hotels,  inns  and  refreshments 
(13  per  cent.),  offices  and  shops  (13  per 
cent.). 

The  nature  of  tlie  attacks  of  sickness, 
their  number,  and  their  duration  were 
set  out  in  twenty-four  main  headings 
of  occupation,  subdivided  where  the 
facts  were  sufficient  into  108  groups  of 
trades  for  men,  and  79  for  women. 
The  causes  of  sickness  were  given  un- 
der five  main  headings,  further  subdi- 
vided with  characteristic  over-elabora- 
tion into  no  less  than  335  subheadings. 
The  records  for  male  and  female  lives 
are  throughout  kept  separate  but  no 
attempt  is  made  to  divide  the  latter 
into  married  and  single.  Table  1  gives 
a  summary  of  the  rates  of  attack  and 
sickness  in  ten  groups  of  diseases.  A 
compilation  of  this  land  is  not  only  a 
monument  of  labor;  it  is  a  mine  of 
wealth  for  statistical  comparisons.  In 
such  a  detailed  analysis  the  numbers, 
however,  are  in  most  instances  neces- 
sarily small,  especially  when  age  inci- 
dence is  (as  it  must  be)  taken  into  ac- 
count. Moreover,  seeing  that  the  facts 
relate  to  a  long  period  of  years  during 
which  vast  changes  have  taken  place  in 
industrial  conditions,  the  results  can- 
not be  considered  as  representative 
even  of  German  industry  at  any  given 
time. 

Great  Britain. — The  only  standard  of 


comparison  in  this  country  is  the  Man- 
chester Unity,  1893-1897  (6),  and  this 
does  not  analyze  sicloiess  into  causes 
nor  does  it  give  any  data  at  all  for  fe- 
male hves.  Even  for  occupations  it 
gives  only  a  few  broad  groups.  But 
taldng  all  causes  of  sickness  and  all  oc- 
cupations combined,  the  Leipzig  sick- 
ness rates  are  much  heavier. 

For  records  of  sickness  in  the  United 
Knigdom  one  naturally  turns  first  to 
the  old  Trade  Guilds  and  their  modern 
successors,  the  Friendly  Societies.  It 
was  a  century  ago  that  the  first  attempt 
at  an  investigation,  on  right  principles, 
of  sickness  rates  was  made  on  a  com- 
prehensive scale.  Since  the  publica- 
tion of  Ansell's  tables  in  1828,  a  num- 
ber of  similar  investigations  have  been 
made  with  an  ever-increasing  volume 
of  data  (6).  Nearly  twenty  years  after 
Ansell,  Nelson  published  the  first  edi- 
tion of  Ms  well-known  "Contributions 
to  \ital  Statistics,"  in  which  he  gave 
the  results  of  his  investigations  into 
the  experience  of  a  large  number  of 
Friendly  Societies  operating  in  Eng- 
land, supplementing  this  in  a  later  edi- 
tion with  records  obtained  in  Scotland. 
Later,  in  1854  and  1896,  the  State  pub- 
lished the  results  of  two  investigations 
into  the  collective  experience  of  Regis- 
tered Friendly  Societies,  now  generally 
known  by  their  authors'  names — Fin- 
laison  (7)  and  Sutton  (8).  A  summary 
of  these  is  given  in  Table  2. 

Large  individual  societies  having  af- 
filiated branches  also  began  to  publish 
their  experiences.  Chief  of  these  was 
the  Manchester  Unity  (9),  which  has 
made  altogether  four  such  investiga- 
tions. The  last  of  these  dealing  with 
the  period  1893-1897  has  already  been 
referred  to  and  is  at  the  present  time 
the  standard  table  of  sickness  in  Great 
Britain.  It  forms  the  basis  of  the 
financial  provisions  of  the  National  In- 
surance Acts. 
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TABLE  2.— WEEKS  OF  SICKNESS  PER  ANNUM  AMONG  100  PERSONS  IN  EACH  AGE  GROUP  SHOWN 
BY  VARIOUS  INVESTIGATIONS  INTO  THE  GENERAL   EXPERIENCE  OF  FRIENDLY  SOCIETIES 

Male  Lives 


AOES 

Investigation 

20-24 

25-29 

30-34 

35-39 

40-14 

45-49 

50-54 

55-59 

60-64 

Anseil,  1823-1827 

78.5 

82.5 

89.3 

100.9 

119.5 

147.5 

189.0 

258.6 

399.1 

Neison: 

England  and  Wales,  1836-1840  

85.7 

89.0 

91.7 

103.6 

127.3 

163.4 

218.0 

304.9 

474.6 

Scotland,  1831-1842      „ 

87.7 

86.6 

79.9 

90.0 

105.0 

139.2 

218.4 

291.9 

450.6 

Finlaison.  1846-1850 

England  and  Wales __   — 

98.1 

98.4 

98.1 

108.4 

122.7 

143.7 

177.3 

219.6 

308.0 

Light  Labor; 

(a)  Without  exposure  to  weather. 

88.6 

86.4 

84.6 

95.4 

105.1 

126.7 

167.4 

208.7 

284.9 

(b)  With  exposure  to  weather 

84.0 

84.4 

80.1 

93.6 

104.9 

117.3 

149.7 

154.4 

191.1 

Heavy  Labor: 

(a)   Without  exposure  to  weather. 

98.3 

98.1 

102.3 

108.7 

123.9 

151.1 

197.9 

248.0 

320.4 

(i)  With  exposure  to  weather 

104.3 

108.3 

110.3 

122.0 

141.7 

163.1 

187.0 

237.0 

361.9 

Sutton : 

England.  1856-1860 _ 

91.2 

89.5 

91.8 

106.5 

129.0 

165.3 

213.5 

322.8 

495.8 

England,   1861-1870                   .    

97.2 

97.5 

105.7 

115.3 

135.7 

167.4 

222.1 

321.3 

500.8 

Wales,  1856-1875     ....._ _ 

104.5 

106.7 

109.5 

122.7 

147.5 

183.5 

225.7 

291.7 

526.5 

England  and  Wales,  1876-1880 

85.5 

87.3 

102.3 

124.0 

146.8 

188.9 

239.3 

336.5 

517.3 

TABLE  3.— WEEKS  OF  SICKNESS  PER  ANNUM  AMONG  100  PERSONS  IN  EACH  AGE  GROUP  SHOWN 

BY  VARIOUS  INVESTIG.ATIONS  INTO  THE  MANCHESTER  UNITY 

FRIENDLY  SOCIETY'S  EXPERIENCE 

Male  Lives 


Ages 

Investigation 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

1846-1848    _...  _ ... 

67.8 
82.9 
75.4 

89.7 
82.1 

95.2 
119.6 
146.0 
116.5 

75.8 
82.0 
80.6 

95.5 
87.0 

99.8 
129.7 
165.9 

115.2 

83.7 
85.8 
92.8 

106.4 
96.6 

117.2 
145.7 
182.6 
121.5 

94.0 
100.4 
106.2 

126.5 
113.8 

144.9 
166.3 
225.5 
158.8 

117.0 
123.9 
126.1 

158.0 
144.3 

174.5 
212.4 
269.6 
175.3 

151.5 

154.5 
163.6 

198.6 
181.1 

230.2 
256.5 
344.8 
201.3 

203.0 
201.1 
222.2 

274.6 
253.9 

314.3 
316.2 
484.8 
277.0 

320.6 
302.5 
304.7 

402.5 
376.2 

457.4 
500.1 
646.0 
394.0 

505.9 

1856-1860    

463.8 

1 866-1 870 

471.5 

1893-1897 

630.7 

A.  H.  J.  Agricultural  and  General. 

B.  C.  D.  Outdoor   (building,  railway. 

585.0 
716.6 

E.  F.  (Quarry,  iron,  steel, 

chemical,  etc.) 

828.1 
1093.1 

793.2 

Most  of  the  investigations  make  some 
attempt  at  analyzing  siclniess  in  broad 
groups  of  occupation.  For  instance, 
as  sho^vai  in  Table  3,  the  Manchester 
Unity,  1893-1897,  gives  sickness  rates 
by  age  groups  in  respect  to  the  fol- 
lowing   general    classes     of    workers: 


(1)  agricultural  and  general;  (2)  out- 
door (building,  railway,  seafaring, 
etc.) ;  (3)  quarry,  iron,  steel,  chemical, 
etc.;  (4)  mining;  (5)  railway  ser- 
vants. The  results  of  these  investiga- 
tions tend  to  show  that  next  to  age, 
which  has  the  most  effect,  occupation 
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is  the  most  important  factor  in  deter- 
mining the  amount  of  sickness,  and  that 
while  locality  and  density  of  popula- 
tion may  probably  have  a  minor  effect, 
it  cannot  generally  be  dissociated  from 
that  due  to  occupation.  But  in  none 
of  the  investigations  has  any  attempt 
been  made  to  analyze  sickness  into  its 
various  causes.  Generally  speaking, 
the  records  kept  did  not  give  the  in- 
formation required  for  this  purpose, 
and  in  the  few  instances  where  the  facts 
were  given  they  were  in  such  a  form 
that  their  compilation  would  have  in- 
volved an  inordinate  amount  of  time 
and  expense.  Another  great  defect  in 
these  returns  is  that  there  are  none  of 
any  value  referring  to  female  lives,  so 
that  it  may  be  said  that  up  to  the  pres- 
ent time  no  reliable  statistics  of  sick- 
ness among  female  lives  have  been  pub- 
lished in  the  United  Kingdom.  Neither 
are  there  aiiy  general  sickness  statis- 
tics for  the  country  corresponding  to 
those  which  the  Eegistrar  General  pub- 
hshes  for  mortality. 

The  reason  for  this  unsatisfactory 
state  of  affairs  is  not  far  to  seek — 
namely,  that  hitherto  sickness  sta- 
tistics in  this  country  have  been  ^^.ewed 
mainly  from  the  financial  standpoint — • 
that  is,  in  their  bearing  upon  the  rela- 
tions between  contributions  payable 
and  benefits  receivable  in  the  opera- 
tions of  Friendly  Societies. 

Eecext  Ixx^estigatioxs  IX  Great 
Bkitaix 
With  regard  to  the  public  health, 
sickness  statistics  of  a  more  or  less 
general  character  are  available  as  to 
epidemics,  sanitation  and  similar  mat- 
ters; but  with  regard  to  the  effect  of 
conditions  of  occupation  no  detailed 
figures  have  been  published,  though 
their  importance  was  indicated  long 
ago  by  both  Neison  and  Finlaison. 


The  introduction  of  the  National 
Health  Insurance  scheme  into  Great 
Britain  nearly  ten  years  ago  suggests  a 
possible  fruitful  field  of  exploration. 
The  medical  certificates  required  before 
payment  of  sick  benefit  give  the  causes 
of  illness,  and  these  are  recorded  in 
the  registers  or  on  record  cards,  so 
that  it  is  within  the  bounds  of  possi- 
bility to  analyze  them  statistically. 
The  diagnoses  may  not  always  be  as 
accurate  as  might  be  desired,  but  ex- 
perience already  gained  in  their  treat- 
ment tends  to  show  that  the  records 
may  be  used  in  broad  groups  with  suf- 
ficient precision.  Only  in  comparative- 
ly few  instances  does  it  seem  probable 
that  the  disease  recorded  on  the  cer- 
tificate fell  very  Avidely  outside  the  gen- 
eral group  of  illness  to  which  it  natu- 
rally belongs. 

The  causes  of  death  given  in  much 
detail  by  the  Eegistrar  General  in  the 
decennial  returns  of  occupational  mor- 
tality are  open  to  almost  as  much  ob- 
jection upon  other  points,  but  nobody 
would  suggest  that  they  should  there- 
fore be  ignored  in  investigations  into 
the  effect  of  occupation  upon  mortality. 

A  question  arises,  however,  as  to 
how  the  records  for  particular  trades 
can  be  isolated  with  sufficient  accuracy 
for  compai-ative  purposes.  Under  the 
National  Health  Insurance  Acts,  the 
occupation  is  stated  only  at  entry  into 
a  society,  and  in  the  great  majority  of 
cases  no  subsequent  changes  of  occu- 
pation are  noted.  Moreover,  a  mem- 
ber once  entering  an  approved  society 
cannot  be  turned  out  because  he  has 
entered  upon  a  different  trade.  He 
has,  however,  the  power  witliin  certain 
limitations  to  transfer  from  one  soci- 
ety to  another ;  and,  in  the  case  of  soci- 
eties dealing  with  particular  trades,  the 
members  do  as  a  matter  of  fact  trans- 
fer if  there  is  available  a  similar  trade 
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society  dealing  with  tlie  new  occupa- 
tion upon  wMcli  they  are  entering. 

Hence  in  societies  with  membership 
restricted  to  a  particular  trade,  mainly 
of  the  "trade  union"  order,  compara- 
tively little  error  would  be  caused  by 
treating  all  members  as  belonging  to 
a  particular  trade.  On  this  assump- 
tion the  Industrial  Fatigue  Research 
Board  has  made  a  tentative  start  upon 
the  iron  and  steel  industry,  foundry 
workers,  the  boot  and  shoe  trade,  and 
others.  The  results  for  the  first  named 
industry  were  published  in  1920  in  a 
very  interesting  report  entitled  "Fa- 
tigue and  Efficiency  in  the  Iron  and 
Steel  Industry"   (10). 

Iron  and  Steel  Industry. — An  anal- 
ysis of  the  data  was  made  in  six  groups 
of  occupations:  (1)  steel  smelters, 
teemers  and  pitmen;  (2)  puddlers;  (3) 
tinplate  mill  men;  (4)  rolling-mill  men, 
etc.;  (5)  engine,  crane  and  locomotive 
men;  and  (6)  other  workers.  Rates  of 
sickness  were  obtained  in  age  groups 
for  rheumatism,  respiratory  diseases, 
injuries,  and  other  causes,  respectively. 
The  total  number  of  years  of  Uf e  ob- 
served was  no  less  than  112,887,  in- 
volving 972,932  days  of  sickness.  It 
was  found  that  the  first  two  groups 
showed,  for  all  causes  and  ages  com- 
bined, rates  of  sickness  over  20  per 
cent,  above  the  average  for  the  whole 
industry.  This  excess  was  largely  made 
up  of  illness  from  rheumatism.  Espe- 
cially was  this  the  case  among  the 
puddlers,  who  had  an  excess  of  78  per 
cent,  above  the  average  from  this  cause. 
They  also  had  an  excess  of  35  per  cent, 
from  respiratory  diseases.  This  was 
probably  due  to  the  custom  followed 
by  many  puddlers  of  alternating  peri- 
ods of  extremely  hard  work,  generally 
of  about  twenty  minutes'  duration, 
with  periods  of  similar  length  during 
which  they  rest  or  do  light  work.    The 


steel  smelters  and  pitmen  owed  some 
of  their  excess  also  to  these  two  causes, 
but  even  more  to  injuries  (especially 
burns  in  the  pitmen).  Their  heavy 
work  comes  in  occasional  bursts,  alter- 
nating with  long  periods  of  compara- 
tive rest.  They  not  infrequently  change 
their  shirts  after  a  bout  of  heavy  work, 
and  are  of  ten .  provided  with  shelters 
into  wliich  they  can  retire,  while 
puddlers,  as  a  general  rule,  have  no 
such  protection.  (Table  4.)  An  inves- 
tigation was  also  made  into  the  records 
of  sickness  of  a  body  of  blast  furnace 
men  at  Middlesborough,  which  pro- 
duced much  the  same  result — an  excess 
of  sickness  from  rheumatism  and  res- 
piratory diseases.  This  was  most 
marked  among  the  barrow  fillers  and 
laborers,  and  would  seem  to  be  due  to 
exposure  to  the  weather.  It  was  more 
marked  than  among  the  melters,  pud- 
dlers and  tinplate  mill  men,  who  carry 
on  their  occupation  at  high  tempera- 
tures. These  blast  furnace  men  were 
li\'ing  in  a  single  area  of  the  country 
so  that  it  would  not  do  to  be  too  dog- 
matic but  it  would  appear  that  work 
at  normal  temperatures  in  the  open  is 
more  likely  to  cause  rheumatism  and 
respiratory  diseases  than  work  at  liigh 
temperatures.  The  result  of  this  in- 
vestigation is  therefore  highly  instruc- 
tive, and  gives  some  idea  of  the  value 
of  research  of  this  kind  into  the  inci- 
dence of  occupational  sickness. 

Boot  and  Shoe  Trade.— The  other  in- 
quiries referred  to  are  not  yet  complete, 
but  for  the  boot  and  shoe  trade  some 
figures  are  available  in  regard  to  fe- 
male lives  which  are  particularly  in- 
teresting, both  because  they  afford 
some  up-to-date  information  about  a 
subject  on  which  little  is  knoAvn,  and 
because  they  differentiate  between  mar- 
ried and  single  women.  The  figures 
available  agree  with  the  common  opin- 
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ion  that  women  lose  more  days  through 
sickness  than  do  men.  They  bring  out 
the  interesting  fact  that,  even  omitting 
illnesses  due  to  the  puerperal  state, 
married  women  up  to  middle  age  have 
a  higher  sickness  rate  from  all  causes 
combined  than  single  women.  The  full 
explanation  of  this  is  not  yet  appar- 
ent, but  doubtless  it  -is  partly  due 
to    the    fact    that    home    circumstances 


rates  of  sickness,  except  in  the  age 
group  25-34.  This  apparent  anomaly 
arose  from  the  fact  that  the  period  for 
which  the  men  were  on  active  service 
was  necessarily  omitted  from  the  anal- 
ysis; hence  a  considerable  number  of 
men  were  included  in  the  tabulation 
who  through  wounds  or  illness  had  be- 
come unfit  for  active  service  and  re- 
turned to  their  ordinary  occupation  in 


TABLE  5.— SICKNESS  IN  \ARIOUS  OCCUPATIONS  DURING  THE  YEARS  191 
RATES  OF  ATTACK  AND  SICKNESS  FROM  ALL  CAUSES  COMBINED 

;-1919; 

OCCLPATIOX 

Xo.  OF  .Attacks  per  Annum  among  100 
Members  in  Each  Age  Group 

Weeks  of 
100  Me 

Sickness 

UBERS    IN 

per  .\nnum  among 
Each  Age  Group 

MaUs 

1 
16-24 

1 

25-34 

1     35-44     1 
1                   1 

45-54 

16-24 

j     25-34 

1 

!     35-44     \ 

1                   1 

45-54 

(a)   Service  men 

35.41 
37.89 
34.12 

33.22 
36.39 
30.32 

36.0S 
17.80 

39.41 
20.26 

28.09 
28.98 
26.25 

30.56 
32.36 
33.81 

28.20 
19.55 

31.82 
22.68 

30.71 
29.63 
26.63 

24.92 
25.07 
24.06 

23.75 
16.25 

30.36 
24.40 

41.99 
43.90 
41.49 

26.28 
23.94 
22.46 

29.89 
31.10 

35.74 
28.51 

107.5 

107.2 
99.5 

108.9 
128.2 
110.2 

128.9 

72.7 

164.0 
104.7 

98.5 
108.8 
104.8 

114.7 
129.0 
133.2 

118.6 

86.2 

133.3 
122.9 

137.7 
130.8 
104.1 

87.7 
96.5 
89.0 

100.3 

92.5 

143.5 
170.9 

250.5 

222.5 

Clickers    

[b)  Non-service  men 

117.7 
101.9 

92.0 

81.5 

Females 
Spinsters  and  widows: 
Boot  and  shoe  trade.... 

131.7 

167.8 

Married  women; 

139.4 

Laundrv'  workers  , 

195.7 

'Illness  termed  "disablement"   in   the  National  Health  Insurance  Acts,  accidents,  illness  due  directly  to  war, 
and  diseases  relating  to  the  puerperal  state  are  excluded. 


give  married  women  greater  induce- 
ment to  prolong  the  period  of  sickness. 
Another  interesting  result  was  obtained 
by  the  division  of  the  lasters  and  mak- 
ers, finishers  and  clickers  into  "ser- 
vice" and  "non-service"  men.  The 
service  men  were  those  who  at  any 
time  had  been  on  active  service  during 
the  War,  and  as  they  were  medically 
selected  for  war  service,  the  non-ser- 
vice men  might  have  been  expected  to 
show  a  higher  sickness  rate,  as  being 
less  fit.  But  the  facts  obtained  showed 
that  in  each  of  the  three  sub-occupa- 
tions, the  service  men  had  the  heavier 


a  subnormal  physical  condition.  Table 
5  gives  the  rates  of  attack  and  sickness 
by  age  groups,  for  all  causes  combined. 
Space  limitations  forbidding  the  set- 
ting out  here  of  the  rates  for  each 
group  of  causes,  Table  6  is  given  in 
which  a  useful  device  has  been  adopted, 
by  means  of  which  some  idea  can  be 
obtained  of  their  relative  weight.  This 
is  the  application  of  the  method  em- 
ployed by  the  Registrar  General  for 
comparative  occupational  mortality 
returns.  For  this  purpose  the  popula- 
tion is  taken  as  distributed  according 
to   ago   in   the   following    proportions : 
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ages  16-24,  29,054;  25-34,  26,259;  35-44, 
20,407;  45-54,  14,748.  For  convenience 
one-hundredth  of  these  figures  ]ias  been 
taken  as  the  standard  population  in 
Table  6. 

Eecommexdatiok 

This  brief  statement  of  what  has 
been  attempted  shows  how  promising 
is  the  field  of  research  indicated.  The 
interests  of  the  health  of  the  industrial 
community  demand  that  a  systematic 
attempt  be  made  to  obtain  the  facts 
relating  to  the  incidence  of  occupa- 
tional sickness.  To  measure  the  results 
of  such  investigations,  standard  tables 
of  sickness  are  periodically  required 
in  which  age  groups  and  sex  are  dis- 
tinguished. The  records  accumulating 
in  the  large  general  "approved"  socie- 
ties under  the  National  Health  Insur- 
ance Acts  with  membership  running 
into  hundreds  of  thousands,  or  even 
millions,  of  lives  would  furnish  such  a 
standard  fairly  representative  of  the 
industrial    population   of   the   country. 


It  is  the  more  to  be  regretted,  therefore, 
that  the  exigencies  of  national  finance 
have  compelled  the  postponement  of 
some  and  the  abandonment  of  other 
of  the  trade  sickness  investigations  con- 
templated by  the  Industrial  FatigTie 
Research  Board. 

It  is  evident  that  little  further  help 
can  be  expected  from  government 
sources  even  for  sucli  a  promising  in- 
quiry. Representatives  of  both  em- 
laloyers  and  employed  must  interest 
themselves  in  the  utility  of  such  inves- 
tigations which  bear  so  closely  upon 
both  the  efficiency  and  the  comfort  of 
the  worker,  by  the  creation  of  joint 
bodies  charged  A\dth  research  into  the 
general  question  of  the  human  element 
in  their  respective  trades,  of  which 
sickness  incidence  forms  by  no  means 
an  inconsiderable  part.  As  the  Lancet 
has  recently  pointed  out,  "The  health 
of  its  people  is  the  first  care  of  every 
industry;  this  assured,  other  profits 
vciW  follow." 
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Health  Service  in  Industry.  By  W.  Irving 
Clark,  Jr.,  M.D.,  F.A.C.S.,  Service  Director,  Norton 
Company,  Worcester,  Mass. ;  Lecturer  on  Health 
Administration  in  Industry,  Harvard  Medical 
School;  Assistant  Surgeon.  Memorial  Hospital, 
Worcester.  Mass.  Cloth.  Pp.  168.  New  York: 
The  Macmillan  Company,  1922. 

Dr.  Clark  has  presented  in  this  book  his 
conception  of  methods  for  the  proper  organ- 
ization of  an  industrial  medical  department 
and  its  auxiliary  services.  It  is  the  fruit  of 
many  years  of  experience  in  the  administra- 
tion of  a  notably  well  conducted  industrial 
medical  department. 

Eleven  chapters  of  about  fifteen  pages 
each  deal  with  such  questions  as  medical 
organization  in  large  and  small  factories ; 
factory  dispensaries ;  industrial  medical  per- 
sonnel ;  physical  examinations ;  accidents  and 
their  treatment;  industrial  morbidity;  and 
factory  sanitation.  Each  subject  is  consid- 
ered briefly  but  with  precision.  There  are 
many  useful  tables  of  equipment  and  sug- 
gestive graphs.  As  stated  in  the  preface, 
the  author  has  not  attempted  to  discuss 
more  than  one  approved  method  of  doing 
a  thing. 

Brief  and  simple,  written  essentially  for 
industrial  executives  or  physicians  entering 
industrial  practice,  it  is  a  much  needed  and 
excellent  contribution  to  the  literature  of  in- 
dustrial  hygiene. — Wade   Wright. 

The  Prhvention  and  Relief  of  Heart  Diseases. 
By  G.  A.  Stephens.  Pp.  91.  London :  A.  H.  Stock- 
well.   1921. 

The  author  of  this  little  book  takes  cardiac 
disease  as  a  text  from  which  to  speak  of 
the  value  and  importance  of  medical  super- 
vision in  industry.  He  is  a  physician  busy 
in  the  important  industrial  center  of  Swan- 


sea, and  his  book  bears  evidence  of  a  run- 
ning pen  and  of  hurried  proof  correction. 
Notably  on  page  43  figures  appear  which 
can  only  puzzle  the  reader  until  he  perceives 
that  they  are  printer's  errors;  while  on 
page  49  the  population  of  Great  Britain  is 
stated  as  20,000,000  instead  of  47,000,000. 
These  minor  details  should,  however,  be 
overlooked  in  view  of  the  good  work  done 
in  drawing  attention  to  the  extent  and  im- 
portance to  national  economy  of  the  prob- 
lem of  heart  disease;  to  the  fact  that  many 
so-called  "heart  cases,"  which  are  now  rele- 
gated to  the  industrial  dust  heap,  are  capa- 
ble of  productivity  if  fitted  with  suitable 
occupation ;  and  to  the  need  for  employers 
to  co-operate  in  rehabilitating  such  cases, 
and  so  benefit  themselves,  the  workmen  and 
the  nation  at  large. 

Dr.  Stephens  speaks  highly  of  the  work 
set  on  foot  in  America  by  the  Association 
for  the  Prevention  and  Relief  of  Heart  Dis- 
ease, especially  with  regard  to  trade  schools 
for  cardiac  convalescents;  he  calls  for  simi- 
lar effort  to  be  undertaken  in  Great  Britain. 
He  is  insistent  that  cases  of  impaired  car- 
diac capacity  need,  not  idleness,  but  activity 
within  their  capacity,  and  that  occupational 
therapy,  properly  controlled,  is  the  most 
valuable  of  remedies;  while  "from  a  na- 
tional point  of  view  it  must  be  worse  than 
useless  if  we  prolong  the  life  of  drones 
rather  than  re-create  units  of  useful  produc- 
tive capacity." — E.  L.  Collis. 

Prevention  of  Malaria  in  the  Federated 
Malay  States.  By  Malcolm  Watson.  London: 
John  Murray,  1921. 

This  book,  which    is    a    record    of   twenty 
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years'  progress  in  the  prevention  of  malaria, 
is  one  of  great  interest  to  those  whose  work 
lies  in  tropical  areas.  The  author  brings 
out  clearly  how  every  district  presents  its 
own  peculiar  problems  in  this  matter.  In- 
cidentally, he  draws  attention  to  the  impor- 
tance of  health  from  an  industrial  point  of 
view,  particularly  with  relation  to  wastage 
of  a  labor  force.  The  Malay  estates  are 
worked  chiefly  with  native  labor  attracted 
from  abroad,  especially  from  India,  and  Dr. 
Watson  states  that  "while  coolies  remain 
on   an   average  three  vears  on   the  healthier 


estates,  they  remain  only  two  years  on  the 
unhealthy  estates.''  This  extra  year  on  the 
healthy  estates  means  an  increase  of  the 
labor  force  by  50  per  cent.,  and  more  than 
a  50  per  cent,  increase  in  the  work  done ; 
for  the  coolie,  at  the  end  of  his  two  years, 
is  a  skilled  workman,  especially  when  he  is 
tapping  rubber.  Malaria  is.  therefore,  an 
economic  factor  of  great  importance.  We 
have  here  an  excellent  example  of  a  fact 
which  is  often  maintained,  namely,  that 
wastage  of  labor  has  a  very  definite  rela- 
tionship to  health. — E.  L.  Collis. 
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Ijstteoduction 

THE  making  of  felt  is  centuries  old. 
Oriental  shepherds  are  supposed 
to  have  discovered  accidentally  the  felt- 
ing property  of  wool  when  subjected  to 
heat  and  moisture  and  gentle  pressure. 
It  was  known  to  the  Greeks ;  Pliny  says 
the  Gauls  made  a  felt  so  strong  that  it 
would  resist  a  sword  stroke,  especially 
if  they  used  vinegar  in  making  it. 
Saxon  writers  mention  "fellen  haets." 
According  to  the  legend,  St.  Clement 
the  Roman,  patron  of  the  hatters,  once 
on  a  pilgrimage  lined  his  sandals  with 
wool  to  ease  his  feet  and  found  that 
the  heat  and  sweat  and  pressure  had 
formed  a  sandal  of  felt.  For  long  ages 
the  primitive  method  of  making  felt 
hats  persisted  and  may  be  seen  even 
now  in  China.  Fur,  cut  from  the  sldn 
by  hand  and  blown  up  into  the  air  by 
the  vibrations  produced  by  striking  a 
bowstring,  fell  over  a  cone-shaped  form 
and  was  covered  and  pressed  with  a 
wet  cloth.  These  processes  now  are 
carried  on  by  machines,  almost  all  of 

*Thi.s  is  the  first  of  a  series  of  six  articles, 
whicli  are  to  appear  in  this  Joubnal,  dealing  with 
various  phases  of  felt  hat  manufacture.  Received 
for  publication  Feb.  28,  1922. 


American  invention,  and  so  to  a  certain 
extent  are  the  subsequent  processes  of 
shrinking  and  hardening  the  felt  and 
shaping  and  smoothing  the  hat,  al- 
though hand  work  still  persists  in  some 
of  the  most  modern  factories  where  it 
is  held  that  no  machine  can  take  the 
place  of  the  trained  hand  of  the  sizer 
or  lilocker  or  pouncer. 

The  features  that  have  given  to  the 
felt  hat  industry  its  reputation  as  one 
of  the  Avorst  of  the  "dangerous  trades'' 
are  the  presence  of  great  quantities  of 
fine  fur  in  the  air  of  workshops  and 
the  use  of  acid  nitrate  of  mercury  as 
an  aid  in  the  felting  of  fur.'  The  tine 
hairs  which  form  the  fur  of  rabbits' 
sldn  and  of  the  skin  of  hares,  musk- 
rats,  beavers,  etc.,  are  smooth,  resili- 
ent, and  straight.  Treatment  with 
some  chemical  which  makes  them  limp, 
twisted,  and  rough  greatly  aids  in  the 
felting  process,  and  many  chemicals 
have  been  shown  to  produce  such  an 
effect.  Among  them  is  the  acid  nitrate 
of  mercury  now  used  in  the  prepara- 
tion of  hatters'  fur  in  all  countries, 
Avith  the  possible  exception  of  Russia. 

'  The  making  of  wool  felt  is  not  accomplished 
by  the  use  of  nitrate  of  mercury  and  is  not 
included  in  this  study. 
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xliis  method  has  rooted  itself  deeply 
iu  the  iudustrj-  duriug  more  than  two 
centuries.  It  has  been  traced  back  to 
the  middle  of  the  seventeenth  century 
when  it  was  a  secret  in  the  hands  of 
a  few  French  workmen,  evidently 
Hugnenots,  for  at  the  revocation  of  the 
Edict  of  Nantes  in  1685,  when  the 
Huguenots  fled  to  England,  they  car- 
ried the  secret  with  them,  established 
the  trade  there,  and  for  almost  a  cen- 
tury thereafter  the  French  were  de- 
pendent on  England  for  their  felt.  In 
France  the  fluid  was  called  and  is  still 
called  le  secret,  the  process  secretage, 
the  workers  secreteurs,  but  in  Engiish- 
sijeaking  lands  the  words  carrot,  car- 
rotting,  and  carrotters  are  used  because 
Avhen  white  skins  are  thus  treated  and 
heat-dried  they  take  on  a  carrot  color. 
The  formiila  used  is  still  more  or  less 
a  secret,  although  probably  the  propoi*- 
tions  of  mercury  and  nitric  acid  do  not 
vary  much.  The  French  formulae, 
some  of  which  are  used  also  in  this 
country,  are  said  to  call  for  the  addi- 
tion of  white  arsenic,  AsoOs,  and  of 
mercuric  chloride.  Arsenic  has  also 
been  found  in  the  water  of  a  sizing 
kettle  in  England.  The  trade  is  classed 
as  dangerous  above  the  average  in 
European  countries  and  bears  an  espe- 
cially bad  reputation  in  France,  Bel- 
gium, and  Russia. 

This  report  is  the  first  of  a  series  of 
articles  describing  an  investigation  of 
the  hatters'  furriers'  trade  and  of  the 
making  of  felt  hats  in  the  United  States 
and  iu  Europe — an  investigation  un- 
dertaken by  the  Division  of  Industrial 
Hygiene  of  the  Harvard  Medical  School 
in  1921  and  1922.=  The  felt  hat  indus- 
try is  a  very  important  one  in  the 
L^nited  States  and  several  fairly  exten- 
sive studies  have  been  made  of  condi- 
tions  in   American   workshops   and   of 

-  The  work  was  niacin  possible  tiy  the  generosity 
of  an   anonymous  donor. 


the  health  of  the  men  and  women  em- 
ployed. The  earliest  studies  were 
made  in  New  Jersey  in  1860,  1878,  and 
1886,  and  it  is  the  New  Jersey  Depart- 
ment of  Labor,  under  Commissioner 
Lewis  T.  Bryant,  which  has  done  the 
most  efficient  work  in  the  sanitation  of 
the  industry.  The  establishments  in 
New  York,  chiefly  in  and  around  New 
York  City,  have  been  investigated  by 
the  state  factory  inspection  service  and 
more  recently  by  the  New  York  City 
Department  of  Health.  Finally,  the 
National  Civic  Federation  made  a 
study  of  industrial  mercurialism  and 
in  1912  published  a  report  of  102  cases, 
the  majority  of  them  having  their  ori- 
gin in  the  felt  hat  industry  of  Brook- 
lyn, Yonkers,  Newark,  and  Orange. 

From  the  perusal  of  these  reports, 
especially  the  two  last,  one  gains  the 
impression  that  felt  hat  making  is  a 
trade  with  far  more  risk  of  occupa- 
tional disease  than  the  average,  and 
this  impression  is  strengthened  by  the 
attitude  of  the  chief  industrial  insur- 
ance companies,  which,  as  we  shall  see 
later,  class  as  undesirable  risks  a  num- 
ber of  groups  of  workmen  in  this  trade. 
Yet  it  is  hard  to  substantiate  this  im- 
pression by  visits  to  the  hatting  cen- 
ters and  by  interviews  with  employees 
and  with  doctors.  Danbury,  for  in- 
stance, is  practically  a  single  industry 
town;  the  physicians  there  all  have  hat- 
ters among  their  patients.  I  inter- 
viewed ten  physicians  who  had  been  in 
practice  from  three  to  thirty-fi\e  years 
and,  though  their  opinions  varied,  none 
of  them  believed  that  the  effects  of  the 
trade  as  now  carried  on  were  serious. 
The  workmen  with  whom  I  talked  had 
much  to  say  of  the  uiihealthi'ulness  of 
the  trade  years  ago,  but  the  improve- 
ment of  late  had  been  so  great  as  to 
make  them  feel  that  the  industrial  in- 
surance comjianies  were  unreasonable  in 
classim;-  them  as  liad  risks. 
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That  mercurialism  is  a  ciangei-  in  the 
hatters'  trade  is  denied  by  nobody,  al- 
though opinions  differ  as  to  its  fre- 
quency and  its  seriousness,  but  concern- 
ing the  second  conspicuous  feature  of 
the  industry,  animal  dust,  there  is  most 
contradictory  evidence.  Dust,  consist- 
ing of  fine  fur  particles  and  sharper, 
harder  hair  particles,  is  present  in 
abundance  in  the  earlier  processes  and 
to  it  is  added,  in  the  later  stages,  fine 
silicon  dust,  produced  by  rubbing  the 
formed  hat  mth  emery  paper  to  smooth 
it.  There  is  no  difference  of  opinion  in 
regard  to  the  harmfulness  of  the  sili- 
con dust,  but  decided  difference  with 
regard  to  the  fur  and  hair  dust,  some 
authorities  assuming  that  it  is  by  its 
nature  harmful  and  that,  therefore,  the 
enormous  quantities  produced  in  cer- 
tain processes  must  constitute  a  serious 
danger,  others  declaring  that  they  can 
find  no  evidence  of  injury  among  men 
and  Avomen  working  in  these  proces- 
ses. 

"With  this  conflicting  evidence  before 
us,  it  seemed  worth  while  to  undertake 
a  thorough  study  of  a  typical  hatting 
town  and  of  the  men  actually  employed 
in  the  trade.  It  was  hoped  at  first  to 
include  Orange,  New  Jersey,  in  the 
study,  but  work  was  so  slack  there  that 
nothing  could  be  done,  and  we  had  to 
confine  ourselves  to  Danbury,  Connecti- 
cut. The  inquiry,  as  planned,  fell  into 
six  branches : 

1.  Description  of  the  processes  of 
felt  hat  manufacture  and  of  the  con- 
ditions in  workshops  in  the  United 
States  and  in  Europe. 

2.  Industrial  diseases  of  hatters  as 
described  in  the  literature  and  their 
prevalence  in  different  countries. 

3.  Physical  examination  of  typical 
groups  of  working  hatters  with  X-ray 
pictures  of  their  lungs. 

4.  Examination   of   dust   and   vapors 


in  the  air  collected  in  different  tUrpart- 
ments. 

5.  An  experimental  study  of  the  pro- 
cess of  felting  in  order  to  see  if  some 
non-poisonous  compound  can  be  substi- 
tuted for  the  acid  nitrate  of  mercury 
now  almost  universally  used  in  the 
preparation  of  fur  for  felting. 

6.  Analyses  of  fur  from  different  de- 
partments in  order  to  discover  at  which 
stages  there  is  a  loss  of  mercury,  for 
in  this  way  it  will  be  possible  to  ascer- 
tain the  departments  in  which  the  risk 
of  mercurial  poisoning  is  greatest. 

Description    of    the    Prepaeatiox    of 
FuE  AND  OF  Hat  Manufactuee 

The  felt  hat  industry  is  divided  into 
three  parts,  although  all  three  may  be 
carried  on  in  one  plant  and  two  very 
commonly  are.  First  comes  fur  cut- 
ting, which  includes  the  preparation  of 
raw  skins  for  carrotting  (treatment 
with  nitrate  of  mercury),  carrotting, 
drying,  brushing,  cutting  fur  from  the 
pelt,  sorting  the  different  grades  of  cut 
fur,  packing  it  in  paper  bags,  and  blow- 
ing raw  and  carrotted  fur. 

This  branch  is  unorganized  and 
manned  very  largely  by  foreigners.  It 
does  not  require  an  expensive  equip- 
ment and  many  of  the  fur  cutting  shops 
are  small  and  very  cheaply  built  and 
managed.  Sometimes  fur  cutting  in- 
cludes reclaiming  waste  fur  of  all 
kinds  and  waste  felt  from  hat  factories. 

The  second  branch  is  hat  making  or 
"back  shop"  or  "wet  work,"  which 
begins  with  blowing  and  includes  form- 
ing, hardening,  sizing,  and  the  multi- 
tude of  processes  for  shrinking  and 
shaping  the  felt.  It  may  also  include 
what  is  called  preliminary  pouncing— 
that  is,  rubbing  off  hairs  with  fine  sand- 
paper. 

The  third  liranch  is  hat  finishing  or 
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"front  sliup"  or  "dry  work,"  which 
inchides  dry  bloddng,  shaping,  final 
pouncing',  and  pressing  (finishing),  and 
also   stitching,  banding,  trimming,   etc. 

In  the  description  of  the  processes 
of  felt  hat  manufacture  no  consideration 
^\-ill  be  given  to  any  aspect  of  the  work 
except  the  hygienic.  The  dilferent 
methods  are  discussed  only  with  re- 
gard to  their  effects  upon  the  health  of 
the  men  and  women  who  use  them,  ^dth- 
out  any  consideration  of  the  excellence 
or  inferiority'  of  the  product.  It  may 
be  that  the  features  of  Italian,  Czecho- 
slovak, and  British  plants,  which 
aroused  my  admiration,  are  regarded 
with  contempt  bj'  American  hatters  as 
producing  an  inferior  felt,  but  it  is  the 
worker  who  is  under  consideration  in 
this  report,  not  his  product. 

It  would  be  unfair  to  make  any  gen- 
eral statement  about  this  industry  in 
the  Laiited  States  without  qualifjTng  it, 
for  there  are  always  at  least  a  few 
shining  exceptions  to  every  indictment 
one  is  forced  to  bring  against  the  in- 
dustry as  a  whole.  While  fur  cutting 
plants  are  usually  poorly  built,  crowd- 
ed, dark,  ill- ventilated,  and  -almost  in- 
credibly dusty,  there  are  several  which 
are  well  constructed  and  well  man- 
aged and  wliich  compare  favorably,  in 
every  respect,  -with  the  best  in  Eu- 
rope. This  is  especially  true  of  a  large 
factory  in  Phihidelphia,  whei'e  all  the 
branches  are  carried  on  under  the  same 
roof,  and  of  two  in  Brooklyn,  and  one 
in  Danbury.  Standards,  on  tlie  whole, 
are  lower  in  Connecticut  than  in  New 
York,  and  not  quite  so  high  in  New 
York  as  in  New  Jersey. 

Hat  making  plants  require  a  much 
larger  outlay  of  capital,  they  are  bet- 
ter constructed  and  employ  n  much 
higher  class  of  labor.  Much  move  in- 
genuity has  been  expended  in  ilic  ef- 
fort to  do  away  with  the  son  ices  n\'  dan- 


ger and  of  discomfort  in  this  branch, 
yet  the  difficulties  are  great  and  often 
they  have  not  been  surmounted.  It  is 
very  common  to  find  the  blowing  room 
thick  with  dust  which  flies  through  the 
air  and  lodges  on  every  surface,  and 
the  forming  and  sizing  departments  full 
of  steam,  the  floors  awash,  and  water 
dripping  from  the  ceiling.  Hat  fin- 
isliing  is,  on  the  whole,  less  trouble- 
some, and  conditions  in  the  trimming 
rooms  are  usually  good — often  excel- 
lent— but  the  pressing  and  pouncing  de- 
partments are  among  the  most  danger- 
ous in  the  industry,  and  here  the  safe- 
guards may  be  very  inadequate. 

In  comparing  American  with  Euro- 
pean plants,  one  finds  that  the  advan- 
tages are  not  all  on  one  side.  French 
fur  cutting  has  some  features  better 
than  those  in  Danbury  but  at  least  one 
which  is  worse.  English  hat  manufac- 
ture is  superior  to  American  in  one  de- 
partment only — the  forming  room.  The 
factories  that  I  visited  in  Italy  and 
in  Czecho-Slovakia  were  vast  in  con- 
struction, especially  those  in  Italy,  with 
more  than  ample  space,  so  that  any  air- 
contaminating  substance  is  greatlj^  di- 
luted. My  visits  to  these  factories  were 
made  during  the  great  heat  of  July, 
1921,  yet  I  suffered  less  discomfort  than 
T  had  in  Danbury  in  April  and  in  May. 
In  both  plants  cool  air  was  driven  into 
the  heated  rooms  with  so  strong  a  draft 
that  it  blew  one's  clothing  about.  The 
windows  on  the  sunny  sides  were  cov- 
ered, either  with  heavy  linen  curtains 
or  with  Venetian  blinds.  Steam  from 
lioiling  kettles  and  tanks  was  removed 
more  efficiently  than  in  the  groat  ma- 
jority of  Amei'ican  plants,  and  the  work 
in  the  forming  rooms  was  dry.  and  easy 
while  in  American  plants  it  is  wet  and 
heavy.  The  drainage  of  floors  in 
.Xnioricaii  ])lants  always  leaves  some- 
thing to  lie  desired,  usuallv  a  gTeat  deal. 
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In  the  Borsaliiio  factory,  in  Alessan- 
dria, the  cement  floors  in  the  wet  rooms 
are  stamped  in  squares  with  deep  lines 
so  that  the  feet  will  catch  and  not  slip, 
and  this  permits  a  much  steeper  slope 
to  the  floor  than  is  possible  Avitli  smooth 
cement. 

The  care  of  the  individual  workman 
has  never  been  a  responsibility  of  the 
employer  in  this  industry  in  the  United 
States.  It  is  customary  to  provide 
long  rubber  gloves  for  the  carrotters, 
but  other  working  clothes,  as  well  as 
soap  and  towels,  must  be  provided  by 
the  workman.  In  France,  Germany, 
Great  Britain,  and  Czecho-Slovakia,  all 
men  and  women  who  handle  fur  after 
it  has  been  carrotted  must  be  furnished 
full  suits  of  working  clothes,  including 
caps,  and  in  Italy,  although  the  law  does 
not  require  it,  I  found  it  done  in  the 
Borsalino  factory,  and  in  Valera  and 
Ricci's,  near  ]\Iilan.  Medical  inspection 
of  all  Avorkers  exposed  to  mercury  is 
required  in  these  countries,  with  the  ex- 
ception of  Italy.  It  does  not  seem  to 
be  provided  in  any  American  plant. 

The  description  given  here  is  not 
technical ;  it  deals  with  the  various  pro- 
cesses only  so  far  as  is  necessary  in 
order  to  demonstrate  the  unhealthful 
features,  if  there  are  any.  For  a  thor- 
ough, expert  report  on  the  technical 
problems  of  ventilation,  steam,  fume, 
and  dust  prevention  or  removal,  light- 
ing, etc.,  the  reader  is  referred  to  the 
very  complete  report  compiled  by  Miss 
Lilian  Erskine  (1)  for  the  New  Jersey 
Department  of  Labor,  and  published  in 
1915,  under  the  title  Sanitarij  Stan- 
dards for  the  Felt  Hatting  Industry. 
Models  of  exhausts,  hoods,  etc.,  may  be 
seen  in  the  state  Museum  of  Safety  in 
Jersev  Citv. 


fur   is   filthy   work;    the    odor   is   very 
disagreeable  and  rarely    is  any  effort 
made  to  lessen  the  unpleasantness.  The 
skins  are  in  sleeve  form  as  they  come 
from  the  trappers  who  pull  them  off 
as  one  pulls  off  a  glove.    They  are  first 
dampened,     then     cut     open,     cleaned 
with     knives,     stretched,     cleaned     in 
tumblers  with  sawdust,  oi'  carded  with 
a   wire   brush,   and   then   the   long   stiff 
hairs   must   be   removed   for   they    will 
not  felt.     Hand  plucking  or  pulling  is 
considered  by  far  the  best  way  to  get 
rid  of  these  hairs,  but  it  is  done  on  a 
large  scale  only  in  Belgium,  and  Bel- 
gian hand-plucked  skins  are  sold  to  the 
trade  all  over  the  world.     In  America, 
machine  plucking  is  done  and  tlie  long 
hairs  from  beaver  and  nutria  skins  are 
sometimes    plucked    by    hand,    but    the 
common  method  of  ridding  the  skin  of 
hairs  is  to  put  it  through  a  shearing  ma- 
chine and  cut  off  as  much  hair  as  pos- 
sible without  injuring  the  fine  fur.  This 
shearing  may  be  very  dusty,  as,  for  ex- 
ample,  in   one   Brooklyn   plant,   where 
the  air  was  choking  and  the  machines, 
the  windows,  and  all  surfaces  Avere  thick 
Avith  dust.   On  the  other  hand,  this  same 
department  in  the  Mutual  Fur  Cutting 
Factory    in    Danbury    was    beautifully 
clean. 

It  seems  to  be  generally  assumed  that 
this  fur  dust  is  dangerous  and  must  be 
removed.  In  Huckel's  factory  in  Neu- 
titschein,  each  bench  for  machine  pluck- 
ing is  furnished  with  an  exhaust,  and  I 
saAV  an  equally  good  arrangement  in 
Jonas  and  Naumberg's  plant  in  Brook- 
lyn. How  important  it  is  to  remove 
the  fur  dust  in  these  rAw  fur  depart- 
ments it  is  impossible  to  say  until  we 
knoAv  more  about  the  effect  of  such  fur 
on  the  respiratory  tract. 


Fur  Cutting 
Raw    8ki)is. — The    handling    of    raw 


Garrotting. — The  application  of  mer- 
curic nitrate,  or  carrotting,  comes  next 
and  may  be  effected  by  hand  or  by  ma- 


142 


THE   JOURNAL    OF    INDUSTRIAL    HYGIENE 


cliine.  The  liaiul  worker  dips  a  stiff 
brush  into  the  sohitiou"  and  scrubs 
it  vigorously  into  the  fur  side  of  tlie 
skill.  The  machine  operator  passes  a 
raw  sldu  under  a  I'evolving  brush  wliicli 
dips  down  into  the  "carrot"  and  then 
runs  over  the  fur.  There  does  not  seem 
to  be  mueli  difference  between  the  two 
processes  unless  it  be  that  the  hand  car- 
rotter  is  more  exposed  to  fumes.  His 
advantage,  however,  is  not  great  since, 
although  the  machine  for  carrotting  is 
covered,  there  is  often  a  fine  spray  from 
the  brush.  The  machine  operator  cai'- 
rots  5,000  to  6,000  skins  a  day  and 
piles  them  up  on  a  bench  and  on  the 
fioor  ar(nind  liim;  the  hand  carrotter  can 
finish  only  aT)out  2,000  a  day.  The  men 
protect  their  hands  with  rubber  gloves, 
their  forearms  usually  with  stocking 
legs,  and  they  often  wear  a  pad  of  felt 
or  wool  over  the  chest  and  abdomen. 

In  the  Stetson  plant  in  Philadelphia, 
there  is  an  excellent  carrotting  room 
on  the  top  floor  with  windows  on  four 
sides  and  in  the  roof.  Both  machines 
and  hand  work  are  used  and  the  ma- 
chines are  hooded  and  provided  with 
suction  exhausts.  This  is  not  true  every- 
where and  local  exhausts  are  rarely 
seen  on  benches  for  hand  carrotting. 
The  best  I  have  seen  is  in  Hiickel's  fac- 
tory; the  opening,  7  inches  high, 
runs  along  the  back  of  the  bench  and 
a  proof  that  the  draft  is  good  is  seen 
in  the  fine  fluff  of  fur  over  the  wooden 
grating  which  protects  it.  The  advan- 
tage of  a  fairly  equable  climate  is  seen 
in  one  of  the  French  fur  cutting  iilants, 
where  all  the  carrotting  is  done  in  an 
open  courtyard,  covered  with  a  glass 
roof.  In  (rar  northern  states,  this  would 
be  freezing  cold  in  winter  and  nnl)ear- 
ably  hot  in  summer. 

One  special  kind  ol'  carrotting  is  a 
l)ad  feature  in  most  plants  that  use  it. 

'Known  as   Uiv  "■cairot." 


This  is  the  carrotting  of  fur  scrap  in 
tanks,  often  uncovered,  then  centrifug- 
ing  oft'  the  fluid  and  spreading  the  fur 
about  to  dry  in  the  open  air. 

Carrotting  fluids  differ  in  different 
countries  and  in  different  factories  in 
the  same  country.  Heucke  (2)  gives  the 
lormula  in  general  use  in  Germany  as 
follows :  mercur}%  20  parts;  nitric  acid, 
80  (40-36  Be  diluted  to  11  Be).  Yellow 
carrot  has  more  nitric  acid,  white  more 
mercury.  According  to  Montague 
(These  de  Paris,  1901)  the  formula  gen- 
erally used  in  France  for  carrotting  is 
mercury,  8  parts ;  nitric  acid,  64  parts ; 
white  arsenic  and  mercuric  chloride, 
each  4  parts;  the  whole  diluted  with 
varying  quantities  of  water.     Cliaplet 

(3)  says  that  the  French  use  for  white 
carrot :  mercury,  40  gin. ;  nitric  acid 
(36  Be),  125  gm. ;  water,  1  liter.   Monti 

(4)  says  that  the  Italians  use  32  parts 
of  mercury  to  100  parts  nitric  acid  (36 
Be)  for  white  carrot;  for  yellow,  16  to 
20  parts  of  mercury  to  the  same  amount 
of  acid,  both  diluted  A\ith  water.  The 
carrot  used  in  New  Jersey,  according 
to  Miss  Erskine,  is  mercury,  20  to  30 
pounds ;  nitric  acid,  100  pounds,  dilu- 
ted with.  20  volumes  of  water.  Stetson's 
procedure  is  as  folloAvs :  19.69  per  cent, 
mercury,  31.79  per  cent,  nitric  acid  (58 
Be).  This,  diluted  to  13  Be  results  in: 
mercury,  4.28  per  cent.,  and  nitric  acid, 
6.89  per  cent.,  which  is  the  strength 
actually  used  in  carrotting. 

Drying. — It  is  in  drying  that  more 
than  half  the  mercury  is  said  to  be  lost 
by  vaporizing.  Heaps  of  freshly  car- 
rotted  skins  are  carried  on  men's 
shoulders  to  be  dried  with  heat  for  yel- 
low carrot,  or  at  ordinary  temperature 
for  white  carrot.  Americans  use  about 
80  per  cent,  of  yellow  carrotted  furs, 
and  20  per  cent,  of  white,  the  European 
lirocedure  being  just  the  reverse.  For 
yc^llow  carrot,  the  usual  wav  is  to  drv 
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the  skins  in  great  "stoves,"  Avliicli  are 
iron-enclosed  rooms  containing  a  series 
of  heated  shelves;  in  some  factories 
each  shelf  has  its  own  long,  narrow 
ojjening  closed  with  a  metal  flap.  The 
skins  are  spread  on  long  trays,  then 
pushed  in  on  the  shelves,  and  after  an 
hour  or  so  drawn  out  through  the  nar- 
row oijening.  This  is  a  good  arrange- 
ment, much  better  tlian  Avide  doors; 
nevertheless,  the  great  tray  of  hot  skins 
is  undoubtedly  a  source  of  mercurial 
fumes  which  are  breathed,  not  only  by 
the  men  who  tend  the  stoves,  but  often 
by  the  carrotters  as  well,  for  the  stoves 
are  often  in  the  carrotting  room.  A,  de- 
cidedly worse  method  is  to  place  the 
skins  on  racks  and  provide  the  stoves 
with  Avide  doors  through.  Avhich  the 
racks  may  be  pushed  in  and  pulled  out. 
The  best  arrangement  of  all  is  to  be 
seen  in  some  New  Jersey  plants.  It  is 
essentially  an  endless  wire  apron  pass- 
ing slowly  along  over  steam  pipes,  with 
a  narrow  opening  for  a  feed  door,  an 
automatic  discharge,  and  an  in-draft  to 
prevent  the  escape  of  fumes. 

White  carrot  is  sometimes  dried  over 
the  stoves,  but  usually  in  a  separate 
room  at  ordinary  temperature,  the 
skins  being  hung  or  spread  about  a 
large  room  which  sometimes  opens  in- 
to a  worldng  room.  There  seem  to  be 
diiferent  theories  with  regard  to  Avhite 
carrot.  In  one  plant,  air  is  dri\'en  in- 
to the  room  ))y  fans,  in  another  no 
ventilation  is  alloAved,  for  it  is  held 
that  the  skins  must  dry  in  still  air. 

Storing. — Before  storing,  the  dried 
skins  must  be  dampened  and  this  Avork 
is  often  done  by  Avomen.  All  who  han- 
dle the  carrotted  skins  shoAv  deep  yel- 
low stains  on  the  hands,  and  it  is  in- 
eA'itable  that  they  should  inhale  volatil- 
ized mercury.  The  storage  rooms  in 
which  the  skins  are  stacked  for  A'ary- 
ing  periods  to  "ripen,"  sometimes  for 


niuny  months,  are  often  in  the  base- 
ments of  the  building  and  poorly  venti- 
lated. The  Avork  of  the  storage  room 
man,  filling  and  discharging  the  great 
Avooden  slatted  bins,  is  regarded  as  un- 
desirable, even  by  the  most  optimistic 
employer.  Storage  rooms  should  be 
quite  shut  off  from  Avorkrooms,  lint  I 
have  seen  them  opening — and  the  doors 
open  at  the  time — into  the  fur-mixing 
room,  into  the  bruslung  room,  and  in 
one  case  storage  room  and  carrotting 
room  Avere  the  same.  Since  wood  ab- 
sorbs mercury,  the  NeAV  Jersey  Depart- 
ment of  Lal)or  adA'ises  against  its  use 
in  the  construction  of  storage  rooms. 

Brushiug. — Brushing  the  carrotted 
sldns  is  usually  done  by  machine.  Ob- 
viously, from  tliis  time  lui,  dust  is  a 
much  nnu'e  serious  item  than  it  is  in 
the  raAv  skins  department,  for  it  is  noAv 
laden  Avith  mercury.  The  man,  or  more 
often  Avoman,  brusher,  usually  works  at 
a  bench  Avith  a  pile  of  carrotted  skins 
lying  on  an  iron  shelf  under  Avhich  is 
the  brush.  She  holds  the  skin  against 
two  rolls  Avhich  catch  it,  carry  it  oA'er, 
brush  it,  and  bring  it  back  again  to  be 
laulled  out.  These  Avomen  liaA^e  yellow 
stains  on  their  hands.  The  dust  may 
be  carried  off  by  exhausts  if  the  brush 
is  so  arranged  that  it  revolves  away 
from  the  brusher,  and  this  is  some- 
times true,  but  Avhen,  as  in  some  fac- 
tories, it  rims  toAvard  the  brusher  the 
exhaust  cannot  catch  all  the  dust  and  a 
fine  fluff  can  be  seen  on  the  face  of  the 
brusher,  especially  on  the  chin. 

Cutting. — The  cutting  machines  are 
an  American  inA'ention,  A'ery  efiScient 
and  horribly  noisy.  This  is  by  far  the 
most  trying  part  of  a  hat  factory  to 
the  oiitsider,  for  the  din  made  by  the 
machines  is  almost  intolerable.  The 
cutter,  almost  invariably  a  man,  feeds 
the  skin  into  the  machine  which,  by 
means  of  stationary  and  rotary  kniA-es, 
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shreds  away  the  pelt  and  delivers  the 
fur  on  a  flat  tray.  Women  sorters,  sil- 
ting at  a  long  table  in  front  of  the  cut- 
ter, receive  this  tray.  Their  task  is  to 
remove  bits  of  skin  and  tangled  fur 
("dags")>  and  then  to  sort  the  fur  in- 
to different  grades,  the  cheeks  and  feet 
forming  the  inferior,  the  center  of  the 
back  the  superior  grade,  excexjt  in  the 
case  of  water  animals,  whose  best  fur 
is  on  the  center  of  the  belly.  Fr-om  three 
to  five  sorters  work  with  each  cutter. 
This  is  what  is  called  in  England  "lock- 
ing." 

The  shredded  pelt,  which  looks  like 
excelsior  and  is  known  to  the  trade  as 
"noodles,"  is  gathered  up  from  the 
floor  and,  if  there  is  a  good  deal  of  fur 
clinging  to  it,  it  is  shaken  violently,  a 
dusty  procedure,  which  should  not  be  al- 
lowed, and  which  is  not  necessary  be- 
cause a  well-set  cutting  machine  will  de- 
liver very  clean  noodles.  The  final  des- 
tination of  the  shredded  pelt  is  a  glue 
factory. 

The  fluff  in  the  cutting  room  is  sel- 
dom abundant  but  is  very  fine  .\nd  can 
sometimes  be  seen  on  the  women's  hair 
or  on  the  caps  they  usually  wear  to 
protect  their  hair.  But  conditions  in 
cutting  rooms  vary  greatly  in  this  re- 
spect. In  the  Mutual  Fur  Cutting  Fac- 
tory in  Danbury  the  sorters  are  all 
Syrians,  and  I  could  see  no  dust  at  all 
on  their  sliining  black  hair.  Wnrk  in 
the  cutting  room  is  not  considered  as 
bad  as  in  subsequent  departments 
where  steam  is  a  prominent  feature, 
and  this  impression  is  doubtless  justi- 
fied since  the  mercury  volatilizes  less 
in  the  absence  of  heat. 

Storing  Fur. — The  women  sorters 
weigh  the  cut  fur  and  ]iack  it  in  jiapev 
bags,  which  go  to  the  storage  room  for 
cut  fur,  another  notorious  source  of 
mercury  fumes  and  usually  very  poorly 
ventilated.     In  the  plant  of  Jonas  and 


Naumberg  in  Brooklyn,  great  pains 
have  been  taken  to  remove  the  mercuri- 
al fumes  by  driving  in  fresh  air  from 
above  and  applying  suction  exhaust  be- 
low. 

"Blown  fur"  is  i-eclaimed  fur,  scraps 
pasted  on  paper  and  put  through  a  cut- 
ter. It  is  mostly  raw  with  a  little  car- 
rotted  fur.  Ordinary  fur  is  known  as 
"cut  fur,"  even  if  it  has  been  already 
blown.  For  reclaiming,  pieces  of  fur 
from  garment  shops  are  chopped  and 
blown,  "roundings"  of  felt  from  hat 
shops  are  bleached,  chopped,  ami  blown 
— all  of  which  is  dusty  work,  but  large 
ly  free  from  mercury. 

Ilaf  Mahint/  or  "Bad-  Shop" 

Mixing. — The  fur  from  the  cutting 
shop  is  mixed  by  hand  or  by  machine 
and  then,  goes  to  a  "devil" — i.e.,  a 
cone-shaped  box  with  a  fan  bringing  in 
a  draft  of  air  to  blow  the  fur,  and  teeth 
which  revolve  and  jjick  apart  the  fur 
so  that  the  draft  can  catch  it  and  mix 
the  different  varieties  together. 

Blowing. — This  is  almost  always  an 
excessively  dusty  process  in  American 
plants ;  indeed,  I  have  seen  but  four 
Avhich  were  fairly  dust  free.  The  blow- 
er is  essentially  a  series  of  compart- 
ments, usually  six,  enclosed  in  fine  wire 
netting  and  furnished  with  a  travelling 
apron  which  feeds  in  the  fur  and  with 
rapidly  revolving  pickers  wdiicli  catch 
it,  pick  it  apart,  and  toss  it  in  the  cur- 
rent of  air  formed  by  their  revolutions, 
letting  the  heavier  hairs  and  the  dust 
fall  to  a  sjjace  between  the  apron  and 
lilckei'.  This  air,  of  course,  passes  out 
through  the  netting,  and  the  amount  of 
fui'  cari'ied  out  dcpi'iids  on  tiie  rapidity 
of  the  revolution  of  the  i)ickers  and  al- 
so somewhat  on  the  quality  of  the  fur, 
for  if  a  great  deal  of  short  fur  and 
"idundings"  —  i.e.,     ground-up     felt 


HAMILTON  —  FUR  CUTTING  AND  FELT  HAT  MANUFACTURE    145 


trimmings — form  part  of  the  mixture, 
more  will  escape  dui'ing  the  process  of 
blowng.  The  fur  tends  to  cake  or  felt 
over  the  inner  surface  of  the  netting 
and  must  be  shaken  down  by  beating  on 
the  outside,  a  procedure  which  is  some- 
times done  by  machine,  sometimes  by 
hand.  It  also  cakes  within  the  machine 
and  the  task  of  cleaning  is  very  dusty. 

Moisture  is  necessary  to  keep  the  fur 
from  clinging  together  in  masses,  and 
this  is  commonly  provided  by  jets  of 
steam  driven  into  the  room  through 
pipes  placed  at  intervals.  The  com- 
bination of  steam  and  chokiu"  dust 
makes  the  usual  American  blowing  room 
a  trying  place.  I  have  seen  fur  flying 
about  as  thickly  as  snow  in  a  heavy 
snow  storm,  and  in  one  Danbury  plant 
the  steam  and  fur  had  formed  a  solid 
felt  coating  over  the  Avindows.  In  a 
Brooklyn  plant,  the  dust  from  the  ma- 
chines was  increased  by  the  use  of  com- 
pressed air  to  blow  the  accumulation 
of  fur  off  the  top  of  the  apparatus.  In 
such  places,  the  men  are  covered  with 
fluff — faces,  hair,  and  clothing — and 
they  chew  tobacco  constantly  because 
the  expectoration  helps  to  get  rid  of 
the  fur  in  the  throat. 

The  great  Stetson  plant  in  Philadel- 
phia has  an  excellent  blowing  room. 
The  draft  Avithin  the  blowers  is  as 
strong  as  in  other  plants,  liut  a  heavy 
oilcloth  hood  with  the  glazed  side  under, 
curving  over  the  blowers,  prevents  dust 
from  escaping.  Another  excellent  fea- 
ture, which  I  have  seen  nowhere  else  ex- 
cept at  Stetson's  and  in  the  Mutual  Fur 
Cutting  Factory  in  Danbury,  is  the  de- 
livery of  steam  into  the  machine  instead 
of  into  the  room,  which  means  that  far 
less  steam  is  needed  and  that  the  air 
in  the  room  is  not  so  unpleasantly  hu- 
mid. In  both  these  factories,  mechani- 
cal beaters  flap  continually  against  the 
network  to  dislodge  the  dust. 


European  blowing  rooms  are  far  less 
dusty,  they  are  freer  from  fluff  than  the 
best  American,  and  yet  the  blowers  are 
not  covered.  It  seems  to  be  a  question 
of  the  rate  of  revolution  of  the  pick- 
ers ;  the  more  rapidly  they  revolve,  the 
greater  the  air  current  and  the  greater 
the  escape  of  dust.  Certainly,  the  blow- 
ing rooms  in  the  English,  Italian,  and 
Czecho-Slovak  factories  which  I  visited 
formed  a  strong  contrast  to  the  usual 
American  departments,  although  none 
had  so  good  a  humidification  system 
as  Stetson's  and  as  Buzaid's.  In  one 
of  the  Italian  factories,  Valera  an.i  Ric- 
ci  at  Monza,  no  humidification  at  all  is 
used;  they  do  not  find  it  necessary  in 
that  warm  climate. 

The  New  Jersey  Department  of  La- 
bor believes  that  humidification  is  great- 
ly overdone  in  most  factories,  that  it 
is  quite  unnecessary  in  warm  weather, 
and  tliat  the  usual  65  to  75  per  cent, 
humidity  is  needed  only  in  cold  weather 
when  the  fur  is  full  of  electricity. 

Forming.  —  The  ingenious  machines 
used  for  forming  in  every  country  are 
of  American  invention.  Blown  fur  is 
weighed  by  girls  into  quantities  suffi- 
cient each  for  one  hat.  The  girls  stand 
at  the  back  of  the  former  (the  machine 
is  known  as  the  former,  the  operator 
as  the  coner),  and  a  travehng  belt  car- 
ries the  weighed  fur  to  a  great  cylinder 
where  it  meets  a  picker  which  picks  it 
apart.  It  then  meets  jets  of  steam 
which  warm  and  moisten  it;  then  a 
strong  current  of  air  catches  it  and 
sucks  it  down  over  a  perforated  brass 
cone  which  is  placed  on  a  turn-table  in 
a  chamber  at  the  end  of  the  cylinder. 
This  forms  an  even,  loosely  compacted 
layer  of  felt  over  the  copper  cone  about 
three  times  as  large  as  is  desired.  The 
coner  opens  this  chamber — and  a  puff 
of  dust  ahvays  escapes  as  he  does  so — 
throws  a  burlaj)  wrung  oi;t  of  boiling 
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water  over  the  cone  and  its  delicate  fur 
covering,  fits  a  similar  cone  over  it, 
lifts  them  olf  and  plunges  them  into  a 
tub  of  boiling  water  which  stands  be- 
side the  former.*  This  gives  the  fur 
cone  its  first  shrinking  and  it  can  then 
be  lifted  off,  wrapped  in  burlap,  and 
given  to  the  hardener  who  slips  it  over 
hand  and  arm  or  spreads  it  on  a  1-ench, 
examines  it  for  Haws,  "stops"  the  Aveak 
places  with  fur  and  picks  out  dags.  The 
hardener  then  puts  about  a  dozen  cones 
together,  sprinkles  them,  kneads  them 
with  his  hands  for  the  first  hardening 
and  sends  them  to  the  sizing  room 
where  the  30  to  35-inch  cone  is  gi-adu- 
ally  shrunk  down  ("sized")  to  about 
one-third  and  changed  from  loose  deli- 
cate felt  to  a  hard,  even  structure. 

The  work  of  the  coner  is  very  hot 
and  heavy,  and  practically  incessant. 
The  air,  even  in  the  best  ventilated 
rooms,  is  full  of  steam  and  the  floor 
streaming  with  water.  Analyses  of  the 
air  from  the  formers  have  shown  the 
presence  of  mercury,  volatilized  by  the 
steam,  and  to  this  air  are  exposed  not 
only  the  coners  but  also  hardeners  and 
girls  employed  in  weighing  ijatches. 
These  girls  are  almost  always  stationed 
where  heat  and  humidity  are  worst, 
right  under  the  ceiling.  I  was  impressed 
by  the  arrangement  in  Borsalino's  fac- 
tory, where  the  girls  weighing  batches 
work  in  the  room  above  the  former, 
dropping  the  batches  through  a  small 
opening,  whence  compressed  air  deliv- 
ers them  to  the  machine  below.  An 
electric   light    signals   for   each   batch. 

In  one  Brooklyn  plant,  the  discom- 
fort in  the  forming  room  is  increased 
by  driving  jets  of  live  steam  into  the 
room.  The  suction  inside  a  former  is 
very  great  and  unless  the  room  is 
amply  large  air  must  be  drawn  in  from 

♦Coners  are  sometimes  flividcd  into  coners  ami 
"wetters." 


another  room  and,  as  a  usual  thing,  it 
is  drawn  from  the  sizing  room,  laden 
with  steam  and  heat.  The  humidity  may 
reach  saturation,  yet  it  is  quite  unnec- 
essary. The  escape  of  fluff  from  the 
former  is  always  visible  and  in  one 
l)adly  neglected  factory  in  Danbury  the 
windows  of  this  room  are  covered  with 
felt. 

Forming  is  less  strenuous  and  far 
less  disagreeable  in  Europe.  The 
reason  is  that  the  hot  water,  needed  to 
give  the  cone  of  delicate  felt  its  first 
shrinking,  is  applied  within  the  former 
by  means  of  a  long  jet  of  water  which 
plays  evenly  over  the  surface  of  the 
revolving  come  just  before  it  is  taken 
out.  Then  all  the  workman  has  to  do 
is  to  open  the  former,  gently  lift  off 
the  cone  of  felt,  fold  it  together  for  the 
inspector,  and  wait  for  the  next  one  to 
form.  There  is  no  steaming  tank,  the 
floor  is  dry,  there  are  no  heavy  brass 
cones  to  lift  repeatedly,  and  the  work 
is  light  and  leisurely  compared  to  the 
same  work  over  here.  This  method  was 
used  in  all  the  foreign  plants  I  visited 
and  was  common  in  this  country  some 
twenty  years  ago.  Another  good  fea- 
ture was  the  vast  size  of  these  rooms 
in  the  European  plants,  providing  air 
enough  for  the  suction  in  the  former. 

Sizing  Boom. — After  being  inspected, 
the  cone  goes  to  the  sizing  room  and 
there  is  piit  through  a  series  of  proc- 
esses known  as  hand  starting,  Avetting 
doAvn,  pulling  out,  sizing,  blocking, 
wringing  or  whizzing,  etc.,  all  of  wliich 
are  essentially  the  same,  consisting  in 
the  application  of  boiling  water  and 
pressure  to  shrink  the  felt  down  to  the 
proper  size  and  then  to  shape  it.  Siz- 
ing, whether  by  machine  or  by  hand,  is 
very  laborious  work  and  is  carried  on 
in  an  atinns]ili('n'  ol'  Jiumidity  and  boat. 
The  liand  sizers  (sizers  may  also  be 
called     "makers")     usually     work     in 


HAMILTON  — FUR  CUTTING  AND  FELT  HAT  MANUFACTURE    147 


gr()ui)S  of  eight  at  an  octagonal  "bat- 
tery"— that  is,  a  tank  of  boiling  water 
witli  a  wooden  bench  running  round  it. 
The  sizer  first  sprinkles  several  hats 
with  boiling  water  usually  acidulated 
with  a  small  amount  of  sulphuric  acid, 
kneads  them  gently  with  his  hands,  then 
as  they  harden  he  works  them  more 
vigorously  and  plunges  them  into  the 
water,  cooling  his  hands  in  a  pail  of 
cold  water.  Finally,  he  takes  fine  hat 
at  a  time  and  beats  it  with  a  wooden 
rolling  pin.  He  usually  protects  his 
hand  partially  by  a  leather  or  wooden 
shield  over  the  palm.  This  is  the  work 
that  the  English  call  "planking.'" 

Sizing  machines  are  like  large  clothes 
wringers  with  wodoen  rolls  obliquely 
fluted,  and  the  sizer  alternately  dips  a 
bundle  of  cones  iu  the  tank  of  boiling 
water  below  the  rolls  and  places  them 
between  the  rolls.  The  sizing  room  is 
full  of  these  boiling  kettles  and  it  is 
rare  to  find  one  which  is  not  foggy  with 
steam,  water  dripping  from  the  ceiling 
and  running  in  streams  on  the  floor. 
Curiously  enough,  the  water  from  the 
kettles  which  must  be  "pulled"  twice  a 
day  is  not  emptied  through  separate 
drains  but  is  flooded  out  over  the  floor 
to  find  its  way  through  the  gutters  to 
the  main  drain. 

Great  efforts  have  been  made  in  cer- 
tain factories  to  control  the  steam  in 
the  sizing  room  by  exhaust  ventilation 
and  by  control  of  the  temperature,  for 
if  the  moisture-laden  air  comes  in  con- 
tact with  cold  air  from  open  windows 
it  condenses  and  a  thick  fog  forms. 
Against  a  cold  ceiling  the  fog  tarns  to 
water  and  rains  down  on  the  heads  of 
the  men.  The  problem  is  excessively 
difficult  in  our  variable  American  cli- 
mate and  success  has  been  obtained 
only  in  those  factories  in  which  ade- 
quate exhausts  are  installed  at  the 
place  wliere  the  steam  is  generated,  for 


once  it  has  been  permitted  to  escape 
into  the  air  nothing  effective  can  be 
done  to  get  rid  of  it.  There  is  general 
testimony  from  the  workmen  as  to  a 
decided  improvement  in  sizing  rooms 
diiring  recent  years,  but  conditions  in 
most  of  the  plants  outside  New  Jersey 
still  seem  productive  of  discomfort  and 
fatigue,  if  not  of  mercurial  poisoning. 
For  instance,  my  notes  on  a  Danbnry 
sizing  room  read  as  follows : 

As  I  went  into  tlie  sizing'  room  I  walked 
into  a  dense  fog.  The  windows  were  open, 
the  day  was  chilly,  about  58°  P.,  and  as  all 
the  boiling  tanks  are  unprotected  by  hoods, 
tlie  steam  was  rising,  and  when  it  met  the 
cold  from  the  windows  it  formed  a  fog. 
There  are  exhausts  placed  at  intervals,  sup- 
posed to  carry  off  the  steam,  but  I  could  not 
see  that  they  did  the  slightest  good.  Streams 
of  water  were  running  over  the  floor,  and, 
although  the  sizers  stand  on  wooden  plat- 
forms, they  have  to  step  down  every  now 
and  then  into  the  stream.  They  were  sop- 
ping wet,  the  shirts  clinging  to  their  bodies, 
and  water  dripped  on  us  from  the  ceiling. 
About  100  work  here  an  eight-hour  day.  It 
is  piece  work  and  the  pace  is  very  rapid. 

In  one  Brooklyn  factory  the  sizing 
kettles  are  either  quite  unprotected  or 
provided  only  with  a  suction  pipe,  the 
opening  of  which  is  too  narrow  to 
catch  much  of  the  steam.  In  Stetson's 
factory  where  a  great  deal  of  hand  siz- 
ing is  done,  the  kettles  are  very  well 
protected  by  a  circular  hood  with  an 
exhaust  pipe  and  with  a  curtain  com- 
posed of  flaps  of  heavy  canvas  which 
hang  from  the  edge  of  the  hood  to  the 
edge  of  the  kettle,  the  sizer  pushing  the 
hat  under  the  flap.  This  admirable 
arrangement  prevents  the  escape  of 
steam.  Hiickel's  factory  has  the  same 
arrangement.  For  sizing  machines  the 
devices  in  the  Berg  and  No-Name  fac- 
tories in  Orange  are  very  efficient.  A 
metal   hood  with   an   exhaust   pipe   fits 
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over  the  sizing  machine,  enclosing  all 
of  the  kettle  except  for  an  opening  in 
front  jnst  large  enough  to  work 
througli.  ^'ery  much  the  same  kind  of 
hood  is  nsed  in  Borsalino's  factory,  and 
here  an  excellent  feature  is  the  rough 
cement  floor'  sloping  well  to  the  drains 
and  the  efficient  control  of  the  temper- 
ature by  big  registers  in  the  floor 
through  which  delightfullj^  cool  air  is 
sent  in  summer  and  warm  air  in  winter. 
Sliffcu'nif/.  —  The  majority  of  hats 
made  in  American  factories  are  soft 
felt  but  require  some  stiffening.  This 
process  is  of  no  importance  from  our 
point  of  view  for  the  stiffening  com- 
pound is  simply  shellac  dissolved  in  hot 
water,  borax,  and  common  salt,  rubbed 
in  with  a  brush,  and  then  steamed  to 
melt  the  shellac  and  drive  it  in.  For 
stiif  hats  (this  Avord  is  applied  only  to 
derbies)  the  procedure  is  different.  The 
hats  are  first  shaved  by  a  machine  like 
a  small  lawn  mower  which  clips  off  the 
ends  of  those  hairs  that  have  escaped 
the  blowing  process  and  become  incor- 
porated in  the  felt.  The  fine  harsh  dust 
of  shearing  is  generally  considered  de- 
cidedly harmful.  The  stiffening  de- 
partment is  usually  quite  separate  be- 
cause of  fire  risk  from  the  vapors  of 
alcohol  used  to  dissolve  the  shellac. 
Denatured  alcohol  is  used  with  varying 
quantities  of  wood  alcohol  accordiiig  to 
the  formula  selected,  for  the  revenue 
law  allows  from  4  i»cr  cent,  to  20  per 
cent,  of  wood  alcolidl  in  the  mixture. 
Up  to  1906,  straight  methyl  alcohol  was 
always  used  for  stiffening  and  it  Avas 
largely  through  the  efforts  of  the  Dan- 
bury  hatters,  backed  by  the  ijhysicians 
in  Danbury,  that  the  law  was  passed 
by  Congress  providing  for  revenue-free 
denatured  gi'ain  alcohol.  This  has 
brought  about  a  vast  improvement  in 
the  stiffening  of  felt  hats,  but  it  must 
not- ])e  forgolten  that  denatni-ed  alcohol 


is  not  free  from  danger.  The  addition 
of  as  little  as  2  per  cent,  of  methyl 
alcohol  has  been  known  to  lead  to  char- 
acteristic poisoning  (Loewy  and  von 
tier  Heide,  5)  and  the  formula  commonly 
used  for  stiff  hats  contains  as  much  as 
10  per  cent.  It  is  well  known  among 
stiffeners  that  some  men  cannot  stand 
the  fumes  even  of  the  denatured  alco- 
hol, although  others  are  not  affected  at 
all.  Drying  these  hats  may  be  a  source 
of  danger  for  mercurj^  has  been  found 
in  the  course  of  recovering  the  alcohol. 
Dyeing. —  Dyeing  may  be  done  at 
several  different  stages.  For  mixed 
colors  the  blown  fur  must  be  dyed 
before  the  cone  is  formed,  but  this 
makes  sizing  more  difficult  and  is  not 
used  for  solidly  colored  hats.  A  method 
which  is  very  objectionable  to  the  men 
has  recently  been  revived  in  Danbury 
after  many  years'  disuse.  This  is  knoAvn 
as  "mucking"  and  consists  in  the  addi- 
,tion  of  the  coloring  matter  to  the  water 
in  the  sizing  kettle  so  that  the  sizers 
must  work  continuously  in  hot  dye.  The 
men  say  it  makes  the  ends  of  the  fingers 
sore,  that  hang-nails  inflame  and  fester, 
and  that  scratches  become  very  painful. 
They  also  believe  that  the  steam  from 
the  sizing  kettles  carries  with  il  un- 
pleasant, if  not  harmful,  fi;mes.  The 
vegetable  dyes  which  were  formerly 
used  have  now  been  displaced  com- 
pletely by  coal-tar  dyes  belonging 
chiefly  to  the  azo  acid  group  (Xaphtol 
Blue  Black  and  Naphtol  Black  B).  It 
is  highly  imi)r()bable  that  harmful 
fumes  could  come  from  these  dyes  but 
there  is  one  dyestuff,  known  to  the 
trade  as  ursol,  which  is  distinctly  toxic 
and  is  used  in  sunn'  lial  factories.  This 
is  para-phenylenediamine,  a  compound 
which  has  the  toxic  properties  of  the 
amido  group  of  coal-tar  dei-ivativos  and 
can  be  absorbed  Itotli  through  the  skin 
and   the   respiratory   tract,   the  absorp- 


HAMILTON  — FUR  CUTTING  AND  FELT  HAT  MANUFACTUliL   U.-) 


tion  being  hastened  by  heat  and  mois- 
ture. In  color  manufacture  and  in  dj'e- 
ing  fur  this  compound  is  notoriously 
troublesome,  causing  a  distressing  trade 
eruption  and,  in  susceptible  individuals, 
attacks  of  bronchial  asthma  (6).  Derma- 
titis has  also  occurred  in  persons  wear- 
ing fur  Avhich  had  been  colored  with 
para-phenylenediamine  (7) . 

The  ordinary  way  of  dyeing  is  to 
color  the  shaped  and  stiffened  hat,  and 
a  chrome  mordant  is  often  required, 
potassium  bichromate  being  generally 
used.  This  is  admittedly  a  source  of 
some  trouble  in  the  dyeing  room. 
Chrome  ulcers,  slowly  forming  and 
painless,  may  develop  on  the  ends  of 
the  fingers  around  the  nails,  on  the 
nasal  miicosa,  and  sometimes  on  the 
margins  of  the  lips.  There  may  also 
be  a  severe  conjunctivitis.  Both  mor- 
dant and  dye  may  be  applied  in  open 
kettles,  stirred  by  hand  Avith  long- 
wooden  rods,  or  in  closed  kettles,  agi- 
tated by  a  stream  of  air,  or  in  closed 
revolving  cylinders  which  dip  doA\ai  in- 
to the  dye  at  each  revolution.  Accord- 
ing to  the  method  used,  conditions  vary 
in  the  dyeing  room  and  all  extremes 
may  be  found  in  American  factories 
from  a  Danbury  plant  in  which  only 
hand  work  is  done  over  open  tubs  in 
steam  and  drip,  to  the  model  depart- 
ment at  Stetson's,  dry  and  airy,  with 
its  closed  cylinders  for  hats,  its  closed 
kettles  for  fur,  and  no  escape  of  steam 
anyAvhere.  Second  sizing  by  machine 
may  folloAv  dyeing. 

Pouncing. — Pouncing  is  the  name 
given  to  the  smoothing  process  in  fin- 
ishing both  soft  and  stiff  hats  which 
is  done  with  the  finest  of  emery  paper 
by  hand  or  by  machine.  The  pouncing 
of  soft  hats  is  much  more  extensive  and 
productive  of  much  more  dust  than  the 
pouncing  of  stiff  hats.  It  comes  before 
finishing     and     the     men     are     called 


"pouncers,"  while  pouncing  stiff  hats 
is  a  part  of  finishing  and  these  men  are 
known  as  "finishers."  The  soft  hat 
finisher  may  do  a  little  pouncing,  but 
not  much.  An  exhaust  is  always  fur- 
nished to  carry  off  the  dust  and,  in  the 
case  of  the  pouncing  machines,  it  is 
usually  quite  efiicient.  These  machines 
are  used  on  brims,  the  narrow  brim  be- 
ing held  between  two  sandpaper-cov- 
ered surfaces.  The  man's  hands  are 
outside,  consequently  only  a  narrow 
opening  is  necessary,  and  the  construc- 
tion of  shield  and  exhaust  presents  no 
difficult  problem.  But  crown  pounc- 
ing is  almost  always  done  by  hand, 
and  obviously  it  is  much  harder  to 
prevent  the  escape  of  dust  over 
this  larger  surface  which  cannot 
be  so  completely  enclosed.  The  best 
device  I  have  seen  was  in  a  NeAv  Jer- 
sey factory  and  may  be  seen  in  the  Mu- 
seum of  Safety  of  the  State  Department 
of  Labor  in  Jersey  City.  After  pounc- 
ing, comes  "rubbing  off"  of  tips  and 
lirims  Avitli  sandpaper,  Avhich  is  the 
same  as  pouncing,  except  that  the 
block  on  Avhich  the  hat  rests  moA'es  back 
and  forth  instead  of  round  and  round. 
To  the  uninitiated  the  amount  of 
dust  produced  by  pouncing  seems  in- 
significant, and  yet  enough  of  it  is  col- 
lected by  the  exhaust  pipes  to  ship  to 
fertilizing  plants.  All  pouncing,  as  I 
have  seen  it  done,  is  more  or  less  safe- 
guarded, but  there  is  a  Avide  A^ariation 
in  the  efficiency  of  the  dift'erent  mechan- 
isms provided.  The  process  is  per- 
formed twice,  preliminary  pouncing 
and  final  pouncing  or,  as  it  is  some- 
times called,  "croAvn  jigging."  Prelimi- 
nary pouncing  may  be  done  in  the  back 
shop  by  the  hat  makers;  final  pouncing 
ahvays  belongs  to  the  front  shop,  and 
is  done  by  hat  finishers.  If  the  suction 
apparatus  is  poorly  designed  or  the 
draft  feeble,  fine  dark  dust  can  be  seen 
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on  the  face  of  the  pomicer,  especially 
in  the  folds  along  the  sides  of  the  nose 
and  on  the  chin.  It  is  always  men's 
work  in  the  United  States,  in  England, 
and  in  Czeeho-Slovakia,  bnt  is  done  by 
women  in  Italy,  where  only  machines 
are  used,  no  hand  pouncing.  Hiickel's 
factory  also  uses  machines  altogether. 
In  two  factories,  one  in  Danbury  and 
one  in  Brooklyn,  the  draft  to  can-y  off 
the  dust  worked  badly,  the  fine  dust  lay 
thickly  over  pipes,  shields  of  exhausts, 
floor,  and  over  the  persons  of  the  men, 
and  it  was  significant  that  these  men 
all  chewed  tobacco  to  help  rid  their 
mouths  of  the  dust.  In  some  shops, 
there  is  a  great  deal  of  brushing  of  the 
pounced  hats,  which  increases  the  dust, 
and  whirling  belts  keep  the  dust  stir- 
ring. Two  exceptionally  dust-free 
pouncing  rooms  may  be  seen  in  the 
Mallory  factory  in  Danbury  and  in 
Berg's  in  Orange. 

Hai  Fiuislintf]  or  "Frnni  Shop" 

F'mishiiig.  —  Finishing  consists  in 
steaming  and  blocking  to  give  the 
crowm  the  final  shape,  drying,  pressing 
by  hand,  or  in  an  hydraulic  press, 
singeing,  oiling,  and  pouncing.  Hot 
oil  and  vaseline  are  used  to  even  up  the 
color,  alcohol  or  naphtha  singeing  to 
finish  the  surface.  The  highest  tem- 
perature to  which  hats  are  subjected  is 
in  pressing,  and  it  is  probably  in  this 
department  that  mercury  is  volatilized 
to  a  greater  extent  than  in  any  after 
sizing.  Moreover,  tlio  fini slier  must 
Ix'ud  down  close  to  the  lial  while  ])ress- 
ing,  putting  himself  in  just  the  posi- 
tion to  inhale  these  fumes.  Several 
authorities  hold  that  the  exposure  to 
mcrcnrialisiii  is  greater  in  finishing 
tiiaii  ill  any  other  occupation  of  the 
trade.  Tliis  work  brings  in  other  bad 
features,  such  as  carbon  monoxide  from 


naked  gas  jets,  naphtha  fumes,  and 
silicon  dust.  The  heat  for  the  irons  is 
usually  provided  by  gas  and  the  grease 
is  heated  over  gas.  Electric  irons  are 
used  in  some  New  Jersey  factories  and 
at  Knox's  in  Brooklyn,  but  gas-heated 
irons  are  much  more  common.  Shap- 
ing also  is  done  on  gas-heated  machines 
and  all  these  processes  may  be  carried 
on  in  one  room,  together  with  the 
pouncing.  Unless  these  rooms  are  very 
large,  the  heat  may  be  excessive—up  to 
or  even  over  100°  F. — and  in  one  New 
York  plant,  Graham-Rogers  and  Vogt 
found  four  parts  of  carbon  monoxide 
to  10,000  parts  of  air.  The  men  em- 
ployed here,  classed  together  as  finish- 
ers, say  that  these  jobs,  although  highly 
desirable  because  of  the  good  pay,, 
are  the  most  unhealthful  of  all. 

Beaver  Hats. — The  making  of  beaver 
hats  is  not  attended  with  risk  of  mer- 
cui'ialism.  Beaver  hats  are  made  from 
non-carrotted  fur  on  a  wool  felt  body. 
The  raw  fur  (hares'  fur,  for  it  felts 
poorly),  which  is  to  give  the  smooth, 
shining  finish  to  the  hat,  is  first  formed 
in  a  machine  very  like  an  ordinary  for- 
mer but  with  a  disk  instead  of  a  cone. 
This  flat  form  is  then  "batted"  on  to 
the  wool  body,  the  man  working  at  a 
plank  like  a  sizer's  and  batting  with  a 
stiff  brush  dipped  in  boiling  water 
which  contains  sulphuric  acid.  Wrapped 
in  burlap,  the  body  then  goes  through 
apron  rolls  through  which  live  steam 
is  driven  into  boiling  acidulated  water, 
the  acid  being  stronger  licre.  .lets  of 
liot  water  raise  the  na]i  and  a  curry 
cmnli  fiiiislies  it.  The  acid  in  the  water 
eats  away  the  wood  of  the  tanks  and 
they  leak,  the  floors  run  with  water 
and  the  steam  is  excessive,  but  there 
is  no  mercury  used  and  no  pouncing 
needed.  The  sulphuric  acid  is  hard  on 
the  men's  hands,  and  they  protect  them 
bv    smearing    on    tallow,    but    this    is    a 
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minor    evil    compared    to    those    found 
in  ordinary  felt  hat  manufacture. 

For  convenience,  a  list  of  occupations 
in  fur  cutting  and  in  hat  making  and 
hat  finishing  with  the  hazards  in  each 
occupation  is  given  in  Table  1. 


chines.  All  the  final  processes  of 
stitching,  lining, '  banding,  and  i)uttiijg 
in  leathers  are  carried  on  by  the  wom- 
en, but  these  departments  do  not  con- 
cern us.  Boys  are  not  often  employed, 
although  I  have  seen  some  apparently 


TAHLE  1.— SUMMARY  OF  PROCESSES   IN  FUR  CUTTING,  HAT  MAKING,  AND 
HAT   FINISHING,   WITH  IMPORTANT  HAZARDS  OF  EACH  PROCESS 


Process 


Hazard 


Fur  Cutting 


Dampening  raw  skins. 
Opening  up  raw  skins. 
Cleaning  raw  skins. 
Beaming  and  stretching. 
Plucking  hairs  or  fur  pulling. 
Shearing. 
Carrotting. 
Drying. 

Storing  earrotted  skins. 

Brushing,  cutting  and  sorting,  weighing,  and 

packing  in  bags. 
Storing  and  removing  from  storage. 
Blowing. 


Coarse  hairs  and  dirt. 

Coarse  hairs  and  dirt. 

Coarse  hairs  and  dirt. 

Coarse  haii-s  and  dirt. 

Coarse  hairs  and  dirt. 

Coarse  hairs  and  dirt. 

Fumes  of  nitric  acid  and  of  mercury. 

jMereury  volatilized  by  heat.     Direct  contact 

with  mercuric  nitrate. 
Volatilized  mercury,  direct  contact. 
Volatilized  mercury,  direct  contact ;  fur  dust. 

Volatilized  mercury. 
Dust ;  sometimes  mercury. 


Hat  Making 


Removing  bags  from  storage. 

Weighing  and  mixing,  blowing,  weighing  for 
former,  coning,  and  hardening. 

Starting,  sizing,  pulling  out,  blocking,  whiz- 
zing. 

Preliminary  pouncing. 

Dyeing. 

Stiffening  soft  hats. 
Shearing. 
Stiffening  stiff  hats. 


Volatilized  mercury. 

Volatilized    mercury ;    fur    dust ;    heat    and 

moisture. 
Volatilized  mercury ;  heat  and  moisture. 

Silicon  dust  and  fine  hairs;  mercury. 
Heat  and  humidity;  chrome  mordants;  coal- 
tar  dyes. 
Heat  and  humidity,  slight. 
Hair  dust. 
Small  quantity  of  methyl  alcohol. 


Hat  Finishing 

Dry  blocking,  pressing  in  hydraulic  machine.      Carbon  monoxide  from  gas;  volatilized  mer- 
pressing    with    hot    iron,    singeing,    final  cury ;  naphtha  fumes ;  silicon  dust  and  tine 

pouncing.  fur  dust. 


Women  are  found  commonly  in 
American  factories  handling  the  skins 
before  carrotting,  brushing  earrotted 
skins,  dampening  them  for  storage, 
sorting  the  cut  fur  (rarely  cutting), 
weighing  and  packing  it  in  bags.  They 
also   weigh   fur   for   the   forming  ma- 


under 16  tending  the  drying  stoves  for 
earrotted  skins.  Young  men  in  the  late 
teens  and  early  twenties  are  often 
found  as  sizers,  especially  in  one 
large  American  factory,  where  some 
200  are  employed  in  this  sort  of  work. 
In  European  plants,  women  often  do 
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cutting,  inspecting,  and  pouncing, 
sometimes  carrotting.  As  for  young- 
persons,  the  Belgian  law  of  1893  for- 
bids the  employment  of  anyone  under 
18  years  in  processes  where  nitrate  of 
mercury  is  used,  or  in  plucking  or  cut- 
ting if  there  is  much  dust.  The  French 
law  of  1898  forbids  the  employment  of 
any  under  16  years  in  the  fur  cutting 
trade,  and  in  1899  the  British  prohibit- 
ed the  employment  of  children,  who  up 
to  that  time  had  apparently  done  what 
the  British  call  locking,  and  we  call 
sorting — i.e.,  remo\'ing  the  inferior 
parts  from  the  cut  carrotted  fur. 

IxuusTKi.\L  Insurance  for  H.\tters  and 
Fur  Cutters 

The  three  largest  companies  writing 
industrial  insurance  in  the  United 
States  consider  certain  occupations  in 
these  trades  of  fur  cutting  and  felt  hat 
manufacture  as  distinctly  above  the  av- 
erage in  danger  to  health,  others  as  less 
dangerous,  but  unhealthful.  Their  se- 
lection of  the  undesirable  ones,  how- 
ever, is  not  by  any  means  the  same. 
Thus,  the  John  Hancock  Mutual  Life 
Insurance  Company  lists  the  whole  in- 
dustry, fur  cutting  and  hat  making,  as 
doubtful,  and  the  work  of  carrotting 
and  of  pouncing  as  extra  hazardous. 
Fur  cutters,  hand  carders,  hand  mix- 
ers, blowers,  coners,  wetters,  hand 
starters,  sizers,  dryers,  dyers,  alcohol 
stiffeners,  and  foremen  in  these  de- 
partments, are  insured  at  rates  above 
the  ordinary. 

The  Metropolitan  Life  Insurance 
Company  divides  the  employees  into 
four  classes,  according  to  risk.  In  the 
ordinary  cUiss — that  which  has  an  ex- 
pected mortality  not  over  20  per  cent, 
in  excess  of  tiio  American  Experience 
Table — are  placed  only  the  trimmers, 
Avelters    and    binders.     Next,    with    an 


expected  excess  rate  of  20  to  50  per 
cent.,  come  all  who  are  not  listed  in  the 
other  three  classes.  Special  class  jobs, 
with  an  expected  excess  rate  of  50  to 
100  per  cent.,  include  hand  carders, 
bloAvers,  hand  mixers,  hand  starters, 
sizers  and  dyers.  Special  Class  B  in- 
cludes those  with  an  excess  rate  of  100 
to  150  per  cent. — fur  cutters,  carrotters, 
dryers,  pouncers,  and  alcohol  stiffeners. 
The  Prudential  Life  Insurance  Com- 
pany refuses  to  insure  fur  cutters,  siz- 
ers, and  makers.  It  accepts  at  increased 
rates :  mixers,  blowers,  weighers,  feed- 
ers, coners,  wetters,  hardeners,  block- 
ers, dryers,  pouncers,  singers,  and 
trimmers ;  at  ordinary  rates :  inspec- 
tors, finishers,  shavers,  curlers,  flang- 
ers,  stiffeners,  and  packers. 

Summary 

The  trades  of  the  hatters'  furriers  or 
fur  cutters,  of  the  hat  makers  and  fin- 
ishers have  for  centuries  been  looked 
upon  as  fraught  A\'ith  a  high  degree  of 
danger  to  the  workers.  This  impression 
prevails  at  the  present  day,  especially 
in  France,  Belgium,  and  Russia. 

The  features  of  these  trades  which 
are  regarded  as  dangerous  are  the  use 
of  mercuric  nitrate  to  prepare  the  fur 
for  felting,  the  handling  of  this  fur  in 
an  atmosphere  of  heat  and  humidity 
which  volatilizes  the  mercury  and  fa- 
vors its  absorption,  the  production  of 
great  quantities  of  fur  dust  and  lesser 
quantities  of  silicon  dust,  together  with 
minor  evils,  such  as  carbon  monoxide 
from  gas  jets. 

Fur  cutting  involves  exposure  to  ni- 
tric acid  fumes  and  volatilized  mercury, 
and  to  excessive  amounts  of  fur  dust. 
Hat  making  is  hot  and  wet,  and  the  ex- 
posure to  volatilized  mercury  is  prob- 
ably greater  than  in  fur  cutting.  Hat 
finishing   is  dry,   l)ut    tbe   lieat    a])i)lied 
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in  pressing  volatilizes  the  mercury,  and 
there  are  other  bad  features,  such  as 
silicon  dust  from  emery  paper,  carbon 
monoxide  from  gas-heated  irons  and 
machines,  and  traces  of  methyl  alcohol 
in  the  stiifening  mixture. 

The  hygienic  control  of  fur  cutting 
shops  in  the  United  States  is  vory  im- 
perfect, although  there  are  a  few  l^ril- 


liant  exceptions  to  tliis  statement.  Hat 
factories  have  improved  greatly  of  late, 
especially  in  New  Jersey,  but  there  are 
still  many  plants  in  which  ventilation 
is  poor,  heat  and  humidity  excessive, 
and  the  workers  exposed  to  mercurial 
poisoning  and  to  the  inhalation  of  dan- 
gerous dust. 
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TIME  AND  MOTION  STUDY' 
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Part  I :     Review  of  Past  "Woek 

1XTR0DUCTI0X.— Time  and  motion 
study  has  become  a  phrase  of  com- 
mon occurrence  in  industrial  circles; 
yet  little  agreement  exists  as  to  its 
precise  significance  and  little  under- 
standing as  to  how,  and  to  what  extent, 
such  a  study  can  be  of  use  to  industry. 
Some  consider  that  a  little  attention  to 
the  time  taken  to  perform  an  operation, 
and  the  method  of  doing  it,  should  be 
sufficient  to  "at  least  treble  output." 
Others  form  a  much  lower  estimate 
of  the  probable  value  of  these  methods 
and  consider  it  presumptuous  for  an 
outsider  to  come  into  a  factory  to  teach 
others  how  to  do  their  work.  The  truth 
as  to  the  function  of  the  study  probably 
lies  somewhere  between  these  two  ex- 
tremes, but  it  is  more  likely  to  approxi- 
mate toward  the  latter  than  the  former. 
To  talk  of  trebling  output  may  be  useful 
for  commercial  purposes,  as  being  like- 
ly to  attract  the  attention  of  those 
anxious  to  improve  industrial  methods, 
but  if  taken  literally  it  is  most  mis- 
leading. Anyone  who  has  carefully 
studied  the  subject  in  any  industry 
must  be  impressed  not  so  much  with 
the  ease  of  effecting  improvements  as 
with  the  practical  ditlicully  involved  in 
so  doing. 

AVe  may  define  time  and  motion  study 
in  the  following  manner:  Time  study 
is  the  study  of  the  time  taken  to  per- 

*This  article  is  based  by  the  author  on  his 
Report  No.  14  to  the  Industrial  Fatigue  Research 
Board,  which  contains  further  details  and  an 
extensive  bibliography.  Received  for  publication 
Feb.  8,   1922. 


form  each  particular  operation  in  an 
industrial  task,  and,  from  the  data  thus 
obtained,  the  endeavor  to  fix  the  proper 
time  the  task  as  a  whole  should  take. 
Motiou  study  is  the  study  of  the  move- 
ments involved  in  a  task  with  a  view 
to  eliminating  such  as  are  unnecessary 
and  improving  those  that  are  necessary. 
It  maj*  be  divided  into  extensive  motion 
study,  which  is  concerned  \x\\\i  the  ar- 
rangement of  apparatus  and  the  larger 
movements  of  the  body  involved  in  its 
use,  and  intensive  motion  study,  which 
is  concerned  with  the  smaller  move- 
ments of  the  hands  and  fingers.  Time 
study  and  motion  study  are  usually  com- 
bined into  one,  called  time  and  motion 
study. 

In  order  to  understand  what  may  be 
expected  from  time  and  motion  study, 
its  origin  and  present  development  must 
be  considered,  arid  the  exact  aims  that 
those  engaged  in  it  set  before  them- 
selves ;  and  also  how  far  these  aims  are 
legitimate,  and  how  far  they  can  be 
attained  by  the  present  methods. 

Taylor's  System. — The  object  which 
Taylor  set  before  himself  was  the 
standardization  of  labor,  and,  in  order 
to  arrive  at  the  proper  standard,  ho 
instituted  a  system  of  time  study.  His 
method  was  to  divide  work  into  its  vari- 
ous elements  and  time  them  separately. 
The  results  were  then  summed,  and  a 
certain  percentage  added  for  unavoid- 
able delays.  Taylor's  practice  was  to 
time  first-class'  men  who  were  induced 
to  work  as  fast  as  possible  bj^  increased 
remuneration.  As  soon  as  the  time 
study  iiad  been  nuule,  a  woi'kman  was 
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started  on  his  new  "task,"  which  "re- 
quired liim  to  do  between  three  and  one- 
half  and  four  times  as  much  work  in 
a  day  as  had  been  done  in  the  past 
on  an  average"  (1). 

The  earnings  of  the  men  on  the  new 
system  were,  on  an  average,  60  per 
cent,  greater  than  on  the  old  system. 
The  result  was  attained  not  so  much  by 
any  improvement  in  the  movements  in- 
volved in  doing  the  work  as  by  fixing 
a  certain  standard  time  which  had  to 
be  adhered  to  if  the  men  were  to  earn 
the  sum  wliich  they  were  obliged  to 
earn  in  order  to  keep  their  places.  Sci- 
entifically regulated  rest  pauses  were 
also  introduced,  and  these  undoubtedly 
played  an  important  part  in  the  final 
result.  Taylor  advocated  making  the 
"task"  as  difiicult  as  possible,  so  that 
only  the  best  men  could  perform  it. 
By  this  method  he  gradually  eliminated 
all  so-called  second-class  men. 

Such  a  system  may  be  commercially 
advantageous  but  it  hardly  goes  to  the 
root  of  the  fundamental  problems  con- 
nected Avith  the  human  element  in  in- 
industry.  Much  of  Taylor's  work  is  de- 
voted to  Avhat  he  calls  scientific  man- 
agement and  a  consideration  of  the  best 
method  of  remvmeration  (2).  The  scope 
of  the  present  memorandum  does  not 
extend  to  these  aspects  of  Taylor's 
system;  nevertheless,  they  form  an  es- 
sential part  of  his  system,  which  rests 
more  upon  careful  oversight  and  lib- 
eral payment  than  upon  scientific  prin- 
ciples connected  Avith  the  human  organ- 
ism. 

Considerable  controversy  has  cen- 
tered round  Taylor's  work.  Some  seem 
to  regard  all  he  did  as  almost  beyond 
criticism.  They  point  to  liis  undoubted 
successes  as  sufficient  indication  of  the 
essential  soundness  of  his  method,  and 
regard  all  who  criticize  him  as  actu- 
ated by  motives  less  worthy  than  those 


of  Taylor.  On  the  other  hand,  there 
are  those  who  regard  all  that  he  did 
either  with  derision  or  direct  hostility. 
Tliey  fasten  their  eyes  on  certain  weak 
points  in  his  system  and  refuse  to  con- 
sider those  aspects  which  are  of  more 
lasting  value. 

To  follow  either  of  these  extreme 
courses  is  unwise.  When  we  think  of 
Taylor's  dealings  with  labor,  either  or- 
ganized or  unorganized,  we  must  never 
cease  to  remember  that  he  is  dealing 
with  labor  conditions  as  they  presented 
themselves  in  America,  not  with  the 
conditions  with  which  we  are  familiar 
in  England.  Certain  points  of  his  sys- 
tem may  appear  somewhat  crude,  but 
he  was  a  pioneer  in  an  unknown  field 
of  research,  and  we  ought  not  to  expect 
that  liis  system  could  reach  the  stand- 
ard of  perfection,  which  those  who  come 
after  him  and  who  have  the  benefit  of 
his  experience  may  set  themselves  as 
the  goal  to  be  attained.  Taylor's  great 
and  lasting  contribution  to  the  science 
of  industry  is  the  method  which  he 
adopted.  •  He  approached,  in  the  spirit 
of  scientific  inquiry,  problems  which 
had  been  thought  either  not  to  exist  or 
to  be  easily  solved  by  common  sense. 
He  worked  patiently  for  years  to  satis- 
fy first  himself,  and  then  others,  that 
by  careful  observation  and  accurate 
timing  principles  could  be  arrived  at 
wliich  governed  the  right  emplo^Tnent 
of  a  worker's  time  and  energy.  Those 
Avho  come  after  him  and  work  upon  the 
same  jaroblems,  maj'  criticize  aspects  of 
his  system,  and  may  disagree  with  cer- 
tain of  the  ends  wliich  it  has  been  made 
to  serve,  but  nevertheless  they  owe  him 
a  great  debt  for  indicating  and  devel- 
oping a  method,  the  possibilities  of 
which  are  great. 

Gilhreth's  System. — Gilbreth  set  him- 
self the  same  task  as  Taylor,  namely, 
the  standardizing  of  the  human  element 
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in  industry;  lie,  liowever,  goes  furtlier 
than  Taylor,  for  not  only  does  lie  stand- 
ardize the  time  for  doing  a  task  bnt  he 
also  standardizes  the  method.  Taylor 
is  mainly  concerned  ■«"ith  time  study 
and  rest  pauses;  Gilbreth  is  concerned 
with  motion  study  as  well  (3). 

Gilbreth 's  method  is  first  to  analyze 
an  operation  into  its  smallest  constitu- 
ent parts.  These  are  then  timed.  With 
Taylor  this  would  have  been  sufficient, 
for  he  would  have  taken  the  sum  of 
these  timings,  plus  the  time  allowed  for 
unavoidable  delays,  and  called  that  the 
standard  time.  Gilbreth,  however,  is 
not  satisfied  with  this,  but  compares 
the  different  constituents  of  a  given 
operation  with  the  same  constituents  in 
a  similar  operation  performed  by  other 
operatives.  If  the  timings  for  different 
units  of  the  operation  vary  in  differ- 
ent workers,  he  selects  the  shortest  tim- 
ings from  each  operative,  sees  how  the 
actual  movements  differ  from  those  of 
other  operatives  who  take  longer  to 
perform  that  unit  of  the  task,  and  then 
sets  a  standard  time  composed  of  the 
sum  of  the  shortest  constituent  factors 
in  each  operation,  and  a  standard  meth- 
od of  doing  the  work  composed  of  the 
movements  of  those  whose  time  is 
shortest.  Thus,  with  two  workers, 
whom  we  may  call  X  and  Y,  he  may 
find  the  timings  of  X  for  an  operation 
consisting  of  four  timeable  units  to  be 
A,  B,  C,  D,  and  the  corresponding  times 
of  Y  to  be  a,  b,  c,  d.  From  these  time« 
he  mil  select  the  shortest;  let  us  sup- 
pose these  to  be  A,  b,  C,  d.  He  mil 
examine  the  motions  connected  with 
each  of  these  selected  time  units;  A 
and  C  will  be  found  among  X's  move- 
ments, b  and  d  among  Y's.  These  four 
movements  coming  from  two  different 
workers  will  then  be  combined  into  one 
series  of  movements  which  will  be 
adopted  as  the  standard  method  of  do- 


ing the  task,  the  standard  time  having 
already  been  arrived  at  by  selecting  the 
shortest  time  units  from  the  two  work- 
ers. This  \aelds  two  parallel  series 
winch  may  be  represented  thus: 

Shortest  Time  Motion 

A .  .  .  .  Motion  as  performed  by  X 

b "       "  "  "    Y 

C...        "       "  "  "    X 

d "       "  "  "    Y 

This  method  of  procedure  is  interest- 
ing, and  is  a  distinct  advance  on  Tay- 
lor's method,  wliich  did  not  concern 
itself  Avith  the  actual  movements  em- 
ployed, provided  that  the  task  was  per- 
formed in  the  standard  time,  the  proper 
rest  pauses  were  adhered  to,  and  the 
final  result  was  satisfactory  to  the  over- 
seer. Gilbreth  sees  that  the  method  of 
doing  work  plays  equally  as  important 
a  part  in  the  performance  of  any  work 
as  the  time  taken  to  do  it.  Gilbreth's 
methods  would,  however,  have  been 
more  instructive  if  he  had  not  intro- 
duced the  disturbing  factor  that  Taylor 
always  introduced,  namely,  increased 
pay  and  various  other  methods  of  "en- 
couraging the  workers  to  put  forth 
greater  effort." 

Further,  it  seems  highly  doubtful 
whether  various  movements,  taken  from 
different  groups  of  movements,  merely 
on  account  of  their  taking  a  shorter 
time  to  perform  than  similar  move- 
ments in  other  groups,  can  be  combined 
into  an  independent  group  which  would 
yield  results  as  satisfactory  as  either 
of  the  original  groups.  The  method  of 
performing  a  given  task  is  similar  to 
the  so-called  "style"  of  a  cricketer  or 
golfer,  who  certainly  Avould  not  build 
his  style  on  a  composite  mixture  of 
other  people's  styles.  It  is  far  more 
satisfactory  to  study  one  style  and  be- 
come perfect  in  that,  than  to  study 
many  styles  which  mav  viold  onlv  the 
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result  of  being  imperfect  in  all.  "We 
cannot,  however,  pass  final  jndgment 
on  the  method  because  it  has  never  been 
tried  by  itself  unaccompanied  by  special 
inducements  to  increased  effort ;  but  the 
results  which  Gilbreth  has  obtained  do 
not  prove  that  there  is  a  best  method 
of  doing  any  operation.  There  are,  un- 
doubtedly, good  methods  and  bad  meth- 
ods ;  the  good  may  be  encouraged  and 
the  bad  discouraged,  but  the  actual 
method  finally  adopted  by  the  worker 
must  be  the  one  which  he  finds  most 
convenient,  that  is,  the  one  best  suited 
to  his  physical  and  psychological  make- 

Criticism  of  Taylor's  and  Gilbreth's 
Methods.— Both.  Taylor  and  Gilbreth 
set  before  themselves  the  definite  task 
of  standardizing  the  human  element  in 
industry.  They  Avanted  to  make  indus- 
try more  efficient  by  reducing  the  cost 
of  production.  Some  people,  when  they 
attempt  to  reduce  the  cost  of  produc- 
tion, think  primarily  of  lowering  the 
wages  paid  to  labor,  but  Gilbreth  and 
Taylor  made  no  such  mistake.  They 
both  realized  that  to  reduce  the  cost  of 
production  by  such  a  method  is,  in  or- 
dinary circumstances,  short-sighted  and 
fails  in  its  real  object. 

They  approached  the  subject  from  a 
more  scientific  standpoint,  and  attempt- 
ed not  to  reduce  the  wages  of  labor  but 
to  increase  them,  provided  that  such  an 
increase  is  accompanied  by  an  increase 
in  output.  They  did  not  leave  it  at  this, 
but,  by  their  methods  of  time  and 
motion  study,  they  sought  to  ascertain 
how  and  in  what  degree  real  improve- 
ment was  possible. 

The  method  adopted  by  them  was  one 
that  paid  considerable  attention  to  the 
welfare  of  the  worker.  Taylor  was 
careful  to  see  that  sufficient  rest  was 
introduced  into  the  day's  work,  and  Gil- 
breth has  gone  further  and  paid  atten- 


tion to  such  tilings  as  comfortable  seat- 
ing and  bench  accommodation.  Never- 
tlieless,  in  spite  of  these  considerations 
their  systems  have  met  with  a  great  deal 
of  opiDositiou  on  the  part  of  labor,  a  fact 
that  gave  Taylor  great  concern.  Hoxie 
(4)  in  his  report  on  "Scientific  Man- 
agement and  Labor"  and  also  the 
committee  appointed  by  the  House  of 
Representatives  in  its  report  show 
clearly  that  in  factories  working  under 
the  Taylor  system  there  is  evidence  that 
the  workers  think  they  are  required  to 
work  at  a  speed  which,  in  the  long  run, 
is  detrimental  to  their  health.  Still, 
the  evidence  taken  from  workers  by  the 
committee  appointed  by  the  House  of 
Representatives  is  to  the  effect  that  no 
real  objection  is  felt  to  those  parts  of 
the  Taylor  system  which  deal  with 
systemization  and  standardization,  but 
that  strong  objection  is  felt  to  the  meth- 
ods of  stimulation. 

This  objection  to  methods  of  stimu- 
lation seems  to  go  to  the  root  of  the 
whole  matter,  both  from  the  workers' 
point  of  view  and  also  from  the  point 
of  view  of  those  whose  approach  to  the 
question  is  one  purely  of  scientific  in- 
terest. The  latter  realize  that  there  is 
a  physiological  and  psychological  back- 
ground to  the  whole  of  human  effort, 
and  they  want  to  discover  whether  the 
methods  adopted  in  time  and  motion 
study  really  go  to  the  root  of  the  mat- 
ter and  indicate  more  economical  ways 
of  utilizing  human  effort.  Great  im- 
provements in  efficiency  have  been  ef- 
fected by  the  introduction  of  new  ways 
of  performing  certain  industrial  opera- 
tions, but  whenever  these  improvements 
have  taken  place,  there  have  been  two 
changes,  one  in  method,  and  one  in  the 
system  of  remuneration,  and  we  are  at 
least  entitled  to  inquire  which  is  the 
predominating  factor. 

Workers  can  certainly  be  spurred  to 
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greater  effort  by  metliods  of  remunera- 
tion   calculated    to    penalize    the    slow 
workers  and  reward  the  quick  worker, 
but  such  results  are  of  more  interest 
to  tliose  who  are  studying  methods  of 
remuneration  than  to  those  whose  only 
concern  is  the  fatigue  of  the  worker. 
Taylor  was  not  studying  either;  he  was 
primarily  concerned  with  the  problem 
of  output,  and  set  himself  the  task  of 
increasing  the  production  of  the  vari- 
ous firms  in  which  he  worked.  He  is  quite 
frank  on  the  matter.  He  says  (1,  p.  143)  : 
"All  employees    should  bear  in  mind 
that  each  shop  exists,  first,  last  and  all 
the  time,  for  the  purpose    of    paying- 
dividends  to  its  o"v\aiers."     This  is  not 
the  place  to  offer  any  criticism  of  such 
a  statement,  but  anyone  holding  that 
view  and,  at  the  same  time,  devoting 
himself  to  the  problem  of  production, 
will  clearly  use  different  methods  from 
those   employed  by  persons  concerned 
primarily     with     the     fatigue     of     the 
worker. 

The  above  criticism  must  not  be 
taken  to  imply  an  objection  to  any  par- 
ticular system  of  pajmient,  or  to  change 
in  the  method  of  pa^^nent;  but  such 
systems  or  changes  should  be  unaccom- 
panied by  any  change  of  method  if  they 
are  to  provide  data  bearing  on  the  prob- 
lem of  increased  effort.  Similarly,  any 
change  of  method  which  is  to  yield  re- 
liable data  bearing  on  the  same  prob- 
lem must  be  unaccompanied  by  any 
change  in  the  system  of  payment. 

Both  Gilbroth  and  Taylor  make  their 
systems  depend  primarily  upon  speed. 
Taylor  always  timed  the  quickest  work- 
er, and  the  standard  which  he  set  for 
any  task  was  based  on  the. results  thus 
obtained.  He  certainly  added  a  per- 
centage of  time  to  cover  unavoidable 
delays,  and  also  instituted  regular  rest 
pauses,  but  what  he  always  sought  was 
speed.     In  no  less  a  degree  does  Gil- 


breth  make  speed  his  ideal.  He  regards 
the  quickest  movement  as  the  best,  and 
even  goes  so  far  as  to  say  that  in  teach- 
ing a  new  movement  speed  must  be  in- 
sisted on  from  the  very  first.  He  re- 
gards speed  as  more  important  than 
accuracy  of  movement  or  quality  of 
work.  His  reason  for  adopting  this 
point  of  view  is  that  the  path  a  move- 
ment follows  is  different  Avhen  the 
movement  is  done  quickly  from  when 
it  is  done  slowly.  This  is,  in  the  main, 
true,  but  even  so,  whether  speed  should 
be  insisted  on  from  the  beginning  may 
be  regarded  as  doubtful. 

Further,  we  may  doubt  whether 
speed  is  the  best  criterion  for  judging 
a  movement.  From  Gilbreth's  point 
of  view  the  quickest  movement  is  the 
best,  and  so  long  as  speed  is  the  object 
to  be  attained  this  must  necessarily  be 
so.  Nevertheless,  the  quickest  move- 
ment may  not  be  the  easiest  and  the 
best  for  the  worker  to  accustom  liim- 
self  to.  It  may  make  too  great  a  strain 
on  the  nervous  system  to  be  advanta- 
geously employed  by  all  workers.  As 
has  already  been  pointed  out,  these 
quick  movements  are  selected  from 
various  workers;  possibly  they  may  in 
some  way  be  closely  connected  with  the 
physical  and  mental  make-up  of  the 
worker  in  question,  and  their  transplan- 
tation as  isolated  motions  into  the 
movement  system  of  other  workers  may 
l)e  unwise. 

Standardization.  —  The  standardiza- 
tion of  tlie  human  element  in  industry 
is  the  object  which  both  Taylor  and 
Gilbreth  put  before  them.  The  former 
sought  mainly  to  standardize  the  time 
to  be  taken  in  performing  a  task;  the 
latter  went  further  and  standardized 
the  method  also.  Standardization  of 
all  human  effort  would,  without  doubt, 
be  a  great  convenience  for  employers, 
especially  if  that  standard  was  a  con- 
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siderably  higher  one  than  they  were 
wont  to  expect,  but  in  setting  this  stand- 
ard the  greatest  cantion  must  be  exer- 
cised. 

In  the  first  place,  we  must  consider 
Avhether,  from  the  Avorkers'  point  of 
view,  the  fixing  of  a  standard  that  they 
are  required  to  reach  is  advisable.  It 
may  become  a  constant  source  of  irrita- 
tion to  them  to  feel  that  they  must  reach 
a  certain  standard  every  hour,  or  every 
day,  as  the  case  may  be.  On  certain 
days  when  they  are  suffering  from 
sliglit  indisposition  not  sufficient  to  keep 
them  away  from  work,  they  may  wisely 
do  less  work  than  they  might  be  able 
to  do  if  they  exerted  all  their  effort. 
On  other  days  when  they  are  feeling 
extremely  energetic,  they  may  be  able 
to  surpass  the  standard,  and  if  left  to 
their  own  devices  they  might  do  so. 
The  thought  that  they  Avere  only  ex- 
pected to  keep  up  to  the  standard  might 
debar  them  from  putting  forth  all  their 
energy,  lest  the  standard  should  again 
be  raised  and  made  more  difficult  to 
attain  on  days  when  they  were  not  feel- 
ing particularly  energetic. 

Beside  these  personal  factors  that 
might  atfect  the  Avorkers'  ability  to 
reach  the  standard,  there  are  those  in- 
fluences which  all  workers  are  affected 
by,  though  in  varying  degrees.  Among 
these  Ave  must  count  temperature  and 
Aveather  conditions,  and  the  physical 
factors  that  periodically  affect  Avomen. 

With  regard  to  the  standardizing  of 
motions,  it  is  doubtful  if  a  set  of  move- 
ments, hoAvcA^er  good,  can  necessarily 
be  regarded  as  the  best  for  every  per- 
son concerned.  Personal  differences 
must  be  alloAved  for  and  the  possibility 
admitted  of  the  Avorker's  discoA-ering  a 
method  better  suited  to  his  require- 
ments than  the  prescribed  one.  In  the 
majority  of  cases  the  standard  method 
may   prove   the   best,   but   in  no   case 


should  it  be  forced  upon  a  Avorker. 
EA'ery  Avorker  should  be  taught  the 
standard  method  and  then  allowed  to 
folloAv  his  0A\ai  dcAdces,  proA'ided  the 
results  are  satisfactory. 

Neiv  Point  of  Vietv  in  Uiulertal'iiig 
Time  and  Motion  Study. — If  time  and 
motion  study  is  to  be  systematically 
adopted  in  industry,  then  those  Avho 
are  engaged  in  it  must  endeavor  to 
aA'oid  certain  errors  that  liaA^e  been 
made  in  some  of  the  applications  to 
AA'hich  it  has  been  put.  The  object  for 
Avhich  the  Avork  is  undertaken  must  be 
different,  and  the  type  of  men  employed 
in  the  study  must  likeAA'ise  be  different. 

The  literature  dealing  Avitli  time  and 
motion  study  shoAvs  that  it  has  been 
left  far  too  much  to  those  Avhose  main 
object  is  the  increase  of  output  in  some 
particular  industrial  concern.  Hence 
the  tendency  at  times  has  been  to  over- 
look the  fundamental  principles  lying 
at  the  base  of  the  study,  and  to  concen- 
trate attention  on  the  immediate  re- 
sults to  be  obtained  in  the  particular 
factory  in  Avhich  the  person  carrying  on 
tlie  study  is  interested.  If,  hoAvcA^er, 
real  adA'ance  is  to  be  made  along  the 
lines  AA^hich  Taylor  and  Gilbreth  have 
indicated,  the  matter  must  be  treated 
from  a  broader  A'iewpoint.  Improve- 
ments in  particular  factories  are  not 
sufficient,  hoAveA^er  useful  they  may  be, 
but  an  endeavor  must  be  made  to  dis- 
cover the  general  principles  that  govern 
human  effort  in  industry.  So  long  as 
the  matter  is  left  entirely  in  the  hands 
of  those  Avhose  main  object  is  increased 
production  there  will  be  a  tendency  for 
the  worker  to  feel,  rightly  or  wrongly, 
that  he  is  in  some  way  being  exploited. 
If,  on  the  other  hand,  he  realizes  that 
the  study  is  being  carried  on  by  those 
Avhose  only  interest  is  lessened  fatigme, 
he  AvlU  learn  to  regard  the  matter  in 
an  entirely  different  Light. 
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Certain  preliminary  investigations 
have  to  be  made  before  motion  study 
proper  can  be  undertaken,  and  the  first 
of  these  is  the  investigation  of  unpro- 
ductive labor.  In  almost  all  industrial 
operations  that  have  not  been  regulated 
according  to  a  well-thought-out  plan,  a 
considerable  amount  of  time  is  wasted 
by  the  skilled  Avorker  in  purely  unpro- 
ductive labor.  It  may  take  many 
forms.  The  skilled  worker  may  be  re- 
quired to  fetch  the  materials  on  which 
he  is  to  work,  or  to  remove  them  when 
he  has  finished.  He  may  be  required 
to  prepare  the  tools  which  he  is  to  use, 
or  to  perform  some  operation  subsidi- 
ary to  the  main  one.  Such  unproduc- 
tive labor  may  not,  in  itseK,  be  a  bad 
thing,  since  it  may  provide  a  rest  for 
muscles  that  are  continually  being  used 
in  the  main  operation;  in  so  far  as  this 
is  the  case  and  such  rest  cannot  be  con- 
veniently provided  otherwise,  it  is  un- 
desirable to  have  this  work  done  by  a 
less  skilled  worker.  Whether  such  in- 
terruptions in  the  work  are  advanta- 
geous or  not  will  depend  largely  on  the 
nature  of  the  work  and  the  amount  of 
energy  put  forth  in  performing  the 
tasks  that  act  as  interruptions  to  the 
main  occupation,  and  this  can  only  be 
determined  by  actual  experiment.  Be- 
sides the  actual  labor  that  a  worker  may 
be  required  to  do  on  jobs  subsidiary  to 
his  main  purpose,  he  may  be  kept  wait- 
ing from  time  to  time  on  account  of 
the  method  of  supply.  Whether  this 
enforced  rest  is  beneficial  or  not  is  also 
a  matter  for  experiment,  and  must  be 
governed  by  such  factors  as  regularity 
and  duration  of  the  pauses. 

Motion  Study  Proper. — Motion  study, 
according  to  the  definition  already 
given,  seeks  to  eliminate  unnecessary 
movements  and  to  improve  necessary 
ones.  This  may  be  taken  as  a  general 
definition,    which    will    include    various 


methods  of  improvement.  What  is 
meant  by  improvement  must  be  under- 
stood before  judgment  is  passed  on  the 
desirability  of  motion  study. 

If  speed  is  the  object  sought,  the 
value  of  any  movement  must  be  judged 
by  its  speed.  There  may,  however,  be 
another  standard  by  which  movements 
can  be  judged,  namely,  that  of  the  ease 
with  which  the  worker  can  perform  the 
movement  in  question.  Those  who  take 
this  view  will  dismiss  the  speed  factor 
entirely  from  their  minds.  They  ■\a411 
endeavor  only  to  devise  some  method 
of  doing  the  task  in  question,  which 
will  be  more  in  accord  with  physio- 
logical and  psychological  laws,  and 
which  will  utilize  the  natural  aptitudes 
of  the  worker  in  a  more  efficient  way. 
Those  working  on  this  principle  will 
not  seek  to  discover  how  quickly  a 
worker  can  perform  a  task,  but  will 
endeavor  to  arrange  that  the  task  may 
be  done  in  such  a  way  as  to  interfere 
in  the  least  jjossible  degree  with  the 
Avorker's  rhythm.  The  effort  of  the 
worker,  and  not  the  task,  will  become 
the  center  of  attention. 

If  this  principle  is  adopted,  the  ques- 
tion arises  as  to  hoAv  we  are  to  know 
whether  improvement  has  taken  place 
by  the  introduction  of  a  new  set  of 
movements.  The  method  usually  adopt- 
ed has  been  to  accompany  the  intro- 
duction of  a  new  system  of  movements 
A\ith  a  carefully  devised  method  of  pay- 
ment calculated  to  stimulate  increased 
effort  and  to  penalize  any  falling  away 
from  the  standard  that  has  been  set. 
Under  this  system  increased  output  is 
regarded  as  an  indication  that  the  sys- 
tem of  movements  introduced  causes 
less  fatigue  to  the  worker  than  the 
movements  that  were  superseded.  This 
may  or  may  not  be  the  case. 

At  present  there  is  no  reliable  meas- 
ure of  fatigue  thai  can  be  applied  un- 
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der  factory  conditions,  and  until  such  a 
measure  is  discovered  we  must  content 
ourselves  by  judging  tlie  success  of  a 
new  system  of  movements  in  the  fol- 
lowing way. 

The  essential  features  of  the  new 
method  should  be,  first,  that  it  is  more 
in  accordance  with  physiological  and 
psychological  laws,  so  that  the  body 
and  mind  are  used  in  the  most  economic 
way  by  avoiding  all  possible  strain. 
Secondly,  the  new  metliod  should  meet 
with  the  approval  of  workers  who  have 
given  it  a  fair  trial,  and  should  have 
the  result  of  making  them  feel  less  tired 
and  more  satisfied  with  their  work.  If 
these  requirements  are  fulfilled,  then 
the  result  may  be  regarded  as  satisfac- 
tory. 

An  increased  outjDut  may  or  may  not 
result.  This  will  depend  on  how  much 
improvement  has  been  effected.  If  it 
is  sufiiciently  large  to  allow  the  body 
to  do  more  work,  then  greater  output, 
if  the  same  hours  are  worked,  will  be 
the  natural  result.  If  shorter  hours  of 
work  are  adopted,  then  the  result  may 
take  the  form  of  doing  the  same  amount 
of  work  that  was  previously  done  in 
longer  hours.  If  the  improvement  is 
not  so  great,  the  only  result  Avill  be 
that  the  worker  is  less  tired  after  the 
day's  work  than  he  was  before.  The 
inability  to  make  so  large  an  improve- 
ment as  to  affect  output  under  the  con- 
ditions laid  doAvn,  must  in  no  Avay  be 
attributed  to  the  experimenter  or  the 
worker.  The  nature  of  the  work  may 
be  such  that  an  appreciable  improve- 
ment affecting  output  is  impossible, 
either  because  the  work  is  so  fatiguing 
that  the  body  soon  reaches  its  limit 
under  any  system,  or  because  the  sphere 
in  which  motion  study  can  be  applied 
is  too  small. 

In  all  cases  that  have  come  to  the 
writer's  notice,  where  the  principle  sug- 


gested has  been  the  basis  of  a  new  set 
of  movements,  increase  of  output  and 
increase  of  earnings  have  actually  taken 
place,  though  in  no  case  was  any  effort 
made  to  get  the  workers  to  increase 
their  output. 

Rhythm. — In  most  industrial  proc- 
esses there  is  a  set  of  movements  which 
is  strictly  necessary  for  the  perform- 
ance of  the  work;  there  is  another  set 
which  is  made  necessary  by  the  bad 
arrangement  of  materials  or  the  inex- 
perience of  the  Avorkers;  and  there  is 
a  third  which  can  only  be  accounted  for 
by  assuming  that  it  represents  the 
rhytlmi  to  which  the  worker  has  become 
used.  The  first  set  of  movements  can- 
not be  done  away  with  as  long  as  the 
work  remains  essentially  the  same,  but 
it  can  be  altered  by  intensive  motion 
study.  The  second  set  of  movements 
can  be  entirely  eliminated  or  altered  by 
what  has  been  described  as  extensive 
motion  study,  but  the  third  set  is  the 
most  difficult  to  deal  wdth,  and  also  the 
most  necessary  to  deal  with  if  the 
fatigue  of  the  worker  is  to  be  the  real 
concern  of  the  investigator. 

These  three  sets  of  movements  are 
not  really  separate,  but  together  form 
a  group  of  movements  which  has  be- 
come traditional  in  the  performance  of 
any  industrial  process.  Some  difficulty 
may  be  experienced  in  determining  to 
which  set  any  particular  movement  be- 
longs, but  if  the  matter  is  to  be  prop- 
erly taken  in  hand  the  attempt  has,  at 
least,  to  be  made.  When  unnecessary 
movements  have  been  eliminated  by 
extensive  motion  study  and  necessary 
movements  improved  by  intensive  mo- 
tion study,  the  experimenter  must  con- 
sider how  far  the  remaining  movements, 
due  to  the  sense  of  rhythm  in  the  work- 
er, are  necessary,  and  how  far  they  can 
be  modified  and  improved. 

The  ideal  is  to  make  the  necessary 
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movements  so  rhythmic  and  graceful 
that  no  extra  movements  are  needed 
as  an  appeal  to  the  worker's  sense  of 
rhythm.  Generally,  workers  who  have 
had  long  experience  at  a  particular  type 
of  work  develop  a  great  number  of  un- 
necessary rhythmic  movements  Avhich 
may  be  difficult  to  give  up.  Probably 
attempts  should  seldom,  if  ever,  be 
made  to  get  workers  who  have  become 
accustomed  for  many  years  to  one  set 
of  movements  to  relinquish  them  in 
favor  of  another  set.  The  movements 
have  become  semi-automatic  and  great 
discomfort  is  caused  in  any  attempt  to 
break  a  formed  habit.  Beginners  are 
different.  If  they  are  taught  a  grace- 
ful and  rhytlmiic  set  of  movements  from 
the  beginning  they  will  form  habits  of 
work  which,  when  once  established,  ^vill 
be  difficult  to  give  up;  but  such  habits, 
if  based  on  scientific  time  and  motion 
study,  will  render  Avork  so  much  more 
easy  than  under  the  old  system  that 
presumably  there  will  be  no  necessity 
for  them  to  be  given  up. 

If  the  improved  set  of  motions  is  of 
really  rhytlunic  character,  there  will  be 
little  tendency  to  superimpose  other 
rhythmic  motions  on  it.  A  superim- 
posed rhythmic  movement  is  one  which 
is  not  actually  necessary  to  the  per- 
formance of  the  task,  but  Avhich  is  in- 
troduced by  the  worker,  possibly  in 
order  to  synchronize  with  some  physio- 
logical rhythm  whether  of  muscular 
contraction,  heart  beat  or  breathing. 
But  whatever  their  cause,  these  move- 
ments should  not,  unless  they  are  hav- 
ing markedly  bad  results,  be  objected  to. 

The  sense  of  rhythm  should  form  the 
basis  of  any  scientific  system  of  move- 
ments, but  naturally  no  rules  can  be 
laid  down  with  regard  to  it.  The  object 
Avhich  an  experimenter  should  place  be- 
fore him  is  to  devise  a  set  of  move- 
ments that  will  do  the  Avork  properly 


and,  at  the  same  time,  be  able  to  set  up 
rhythmic  motor  habits  in  the  worker. 
One  moA'ement  should  folloAv  on  natu- 
rally from  the  one  preceding  it,  and  the 
terminal  phase  of  the  preceding  moA'e- 
ment  should  naturally  suggest  the  ini- 
tial phase  of  the  next. 

A  large  field  of  research  lies  open 
along  these  lines.  At  present,  little  is 
knoAAm  about  rhytlmi  in  industrial  proc- 
esses, although  it  must  play  a  large 
part.  HoAvever  much  a  method  of  do- 
ing Avork  may  be  improA-ed,  there  are 
ahvays  A-ariations  in  the  etTect  Avhich 
it  has  on  different  indiA'iduals.  The 
aA'erage  of  output  may  be  raised,  but 
the  variation  about  that  aA'erage  re- 
mains the  same.  This  A-ariatiou  may 
be  due  to  many  causes.  Rhythm  and 
motor  control  probably  play  a  large 
part  in  it,  and  it  may  also  be  in  some 
Avay  affected  by  A^arying  types  of  fatig- 
ability. Research  into  these  problems 
Avould  be  of  great  serA'ice  to  those  avIio 
are  interested  in  the  subject  of  time 
and  motion  study. 

P.\KT  II :    Examples  of  Motion  Study 

An  Experiment  in  Street  Dipping. — 
The  process  of  "dipping"  consists  of 
putting  a  "center"  (an  almond,  Aval- 
nut,  Brazil  nut,  or  caramel)  in  a  basin 
of  melted  sugar  with  the  left  hand,  and 
coA'ering  it  A\ith  the  sugar  by  Avorking 
it  Avith  a  fork  held  in  the  right  hand, 
and  then  placing  the  finished  sAveet  on 
a  tray.  The  path  usually  followed  by 
the  Avorker's  hand  Avhen  dipping  Avas 
found  to  be  such  as  Figure  1  may  illus- 
trate.    (See  page  165.) 

This  diagram  does  not,  of  course, 
represent  the  exact  line  folloAved.  No 
human  movement  Avould  eA^er  be  so  ex- 
act, besides  Avhich  no  account  has  been 
taken  of  certain  small  moA^enients  made 
necessary  in  order  that  the  sweet  mav 
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be  of  the  proper  size.  The  exact  path 
followed  by  this  movement  may  be  seen 
in  Figure  2,  the  lettering  in  wliich  cor- 
responds to  the  lettering  in  Figure  1. 
The  stroke  AB  is  not  given  in  Fig-ure  2. 
Its  commencement  can  be  detected  at 
about  the  same  place  as  is  afterwards 
covered  by  C.  In  Figure  3  its  com- 
mencement can  be  more  easily  seen. 

The  right  hand  holding  the  fork  goes 
from  A  to  B  and  takes  up  a  portion  of 
the  thick  liquid  and  pulls  it  over  the 
"center"  at  X.  When  the  hand  reaches 
C  it  goes  forward  toward  the  left  side 
of  the  bowl  mth  the  end  of  the  fork 
under  the  center.  The  center  is  then 
picked  up  at  D  and  deposited  in  the 
tray.  This  would  appear  to  be  the  best 
way  of  doing  the  operation,  because  the 
hand  is  always  travelling  in  approxi- 
mately straight  lines.  The  defect  of 
this  method  is  that  the  hand  stops  at  B 
and  goes  in  the  opposite  direction  and 
also  at  C  and  goes  again  in  the  oppo- 
site direction.  The  necessity  of  having 
to  stop  the  arm  twice  and  change  the 
direction  causes  unnecessary  strain  to 
the  arm  muscles. 

After  some  personal  experience  on 
the  part  of  the  experimenter  in  the 
process  of  dipping,  he  decided  to  recom- 
mend a  method  in  which  the  hand  moved 
in  curves  instead  of  in  straight  lines. 
The  new  method  is  diagrammatically 
represented  in  Figure  4. 

The  hand,  after  depositing  the  fin- 
ished sweet,  leaves  A  and  reaches  B 
on  the  surface  of  the  boiled  sugar  in 
the  middle  of  an  inward  and  downward 
curve  with  the  hand  in  its  strongest 
position  for  doing  work.  The  momen- 
tum gained  by  the  movement  A — B  is 
thus  utilized  for  the  most  tiring  part 
of  the  work  instead  of  being  entirely 
wasted  by  checking  the  movement  in 
order  to  change  its  direction,  as  in  the 
old   method.      This   curve   sweeps   the 


sugar  over  the  center  and,  going  under 
it  in  the  second  part  of  tlie  curve,  comes 
up  again  at  C.  The  sweet  is  then  de- 
posited on  a  tray.  A  circle  in  the  same 
direction  is  made  there,  also,  in  order 
to  finish  off  the  sweet.  In  this  method 
the  hand  is  never  brought  to  a  sudden 
standstill  but  continues  in  an  even  cir- 
cular movement,  all  change  of  direction 
being  effected  by  curves  and  not  by 
stopping  the  hand.  Moreover,  it  has 
the  advantage  that  the  fork  strikes  the 
boiled  sugar  (the  part  of  the  process 
offering  the  greatest  resistance  to  the 
hand)  with  a  do^\^lward  and  inward 
stroke  and  with  the  full  momentum 
gained  by  travelling  from  A  to  B.  In 
the  old  system  this  part  of  the  process 
was  done  by  a  short  backward  move- 
ment just  after  the  hand  had  stopped 
and  changed  its  direction.  The  dia- 
gram of  this  motion  should  be  compared 
with  Figure  3,  in  which  the  curve  B — C 
can  be  clearly  seen.  Figures  1  and  4 
represent  the  movement  as  seen  by  the 
worker;  Figures  2  and  3  represent  the 
movement  as  done  by  the  worker  and 
seen  by  the  observer  standing  in  front 
of  the  worker. 

The  best  workers  in  the  department 
were  then  examined  to  see  if  any  of 
them  worked  in  the  method  suggested. 
The  three  whose  output  was  greatest 
were  found,  at  times,  to  adopt  a  method 
similar  to,  though  not  quite  identical 
with,  the  one  suggested.  Workers  who 
had  been  accustomed  for  years  to  an- 
other method  of  work  could  not  be  in- 
duced to  adopt  the  new  method.  An 
endeavor  was  therefore  made  to  get  the 
younger  members  of  the  department  to 
adopt  it,  and  for  this  purpose  a  class 
was  instituted.  The  result,  after  a  short 
period  of  training,  was  an  average  in- 
crease of  27.1  per  cent.,  but  even  this 
increase  did  not  fully  represent  the  ben- 
efits to  be  gained  by  the  new  metliod. 
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The  instructress  who  had  charge  of  this 
class  was  not  a  very  proficient  teacher, 
and  the  young  girls,  seeing  older  girls 
around  them  working  in  a  different 
way  and,  of  course,  turning  out  more 
than  the  younger  girls  were  able  to, 
showed  a  tendency  to  drop  the  method 
which  they  had  been  taughl,  and  to 
adopt  the  one  which  they  found  going 
on  all  around  them,  and,  apparently, 
producing  better  results. 

For  this  reason  attention  was  con- 
centrated on  a  new  room  that  was  to 
be  started.  A  more  proficient  instruc- 
tress was  found,  a  new-sized  table  and 
trays  were  employed,  and  arrangements 
were  made  whereby  the  workers  were 
enabled  either  to  sit  or  stand  while  at 
work.  This  new  room  was  lighter  and 
better  ventilated  than  the  old  one  had 
been.  After  three  months'  work  in  the 
new  room  the  workers  were,  on  an  av- 
erage, producing  88  per  cent,  more  than 
A\orkers  of  the  same  standing  who  were 
using  the  old  method  in  the  original 
room.  Tliis  increase  meant  that  girls 
of  14  and  15  years  were  earning  a  sum 
equivalent  to  that  earned  by  girls  of  18 
in  the  old  room,  showing  that  the  corre- 
spondence between  age  and  output  in 
the  old  room  was  not  entirely  due  to 
the  superior  strength  of  the  older  girls, 
but  that  difficulty  in  forming  an  easy 
motor  habit  at  least  had  something  to 
do  A\-ith  it.  The  new  system  of  move- 
ments was  far  more  natural  than  the 
old  one  and,  therefore,  presumably 
easier  to  learn. 

An  Experiment  in  Bottling  Sweets. — 
The  process  of  putting  sweets  into  small 
glass  jars  is  one  that  entails  a  consider- 
able number  of  operations.  The  ex- 
perimenter noticed  that  the  workers 
tended  to  do  nearly  all  the  work  with 
the  same  hand.  They  would  pick  up 
the  jar  from  the  right  hand  side  with 
the   right   hand,   wo7-k   on   it   witli   l)()tli 


hands,  and  put  it  down  on  the  left  hand 
side  ^vith  the  right  hand.  Or  they  might 
pick  up  with  the  left  hand  from  the 
right  side  and  put  dowTi  on  the  left  side 
^\ith  the  left  hand,  and  every  other  pos- 
sible combination  of  right  and  left  hand 
was  to  be  found.  He  thought  that  if 
the  work  could  be  more  equitably  ap- 
portioned between  the  two  hands,  and 
some  system  devised  where  both  hands 
worked  simultaneously  instead  of  one 
working  while  the  other  rested,  a  more 
satisfactory  way  of  doing  the  work 
might  be  found. 

A  distinction  must  here  be  made  be- 
tween ambidexterity  and  bimanufiabili- 
ty.  By  the  former  is  meant  the  power 
of  being  able  to  do  an  operation  eqiially 
well  A\ith  either  hand;  by  the  latter, 
the  power  of  doing  one  thing  ■with  the 
one  hand  while  doing  something  else 
A\ith  the  other.  Persons  who  shave 
themselves  ■\\dth  either  hand  are  ambi- 
dexterous; persons  who  can  put  down 
an  object  with  one  hand  while  taking  up 
another  object  with  the  other  are 
bimanuficient.  Ambidexterity  is  not 
brought  into  play  in  the  process  of 
bottling  here  described,  but  bimanufia- 
bility  is. 

A  system  of  movement  was  devised 
wliich  de])en(lod  on  the  latter  quality 
being  utilized,  and  elaborate  diagrams 
were  made  of  the  movements  for  each 
process,  but  the  workers  could  not  be 
made  to  understand  what  was  required 
of  them.  A  method  of  doing  the  work 
was,  therefore,  devised  by  which  the 
whole  process,  instead  of  being  done  by 
one  worker,  was  done  by  a  team  of 
workers,  each  worker  doing  one  par- 
ticular operation.  To  facilitate  mat- 
ters, a  moving  belt  was  placed  on  the 
bench  along  which  the  jars  traveled 
to  be  throwTii  off  close  to  the  worker 
who  was  to  do  the  next  process. 

in  iinkT  to  avoid  having  anv  worker 
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perform  one  process  for  too  long  a 
time,  no  girl  was  required  to  screw 
lids  on  to  the  jars  for  more  than  half 
an  hour.  This  operation  was  the  most 
tiring  in  the  process.  The  relief  given 
to  the  "screwer  on"  provided  an  op- 
portunity for  a  change  for  each  worker 
every  half  hour,  wliich  was  better  than 
any  arbitrary  arrangement  that  it 
might  have  been  necessary  to  make,  if 
all  the  processes  had  been  of  equal  dif- 
ficulty. 

The  new  system,  after  worldng  for 
some  time,  resulted  in  the  workers' 
average  output  and  earnings  being 
about  50  per  cent,  greater  than  when 
the  previous  system  was  in  vogue.  Fur- 
ther than  that,  so  much  floor  space  was 
saved  by  the  new  method  that  the  room 
will  accommodate  90  per  cent,  more 
workers  than  was  previously  possible. 

The  interesting  feature  of  this  ex- 
periment is  that  the  method  of  work 
adopted  provides  that  the  jar  to  be 
worked  upon  shall  always  arrive  at  the 
right  hand  side  to  be  picked  up  by  the 
right  hand,  and  that  the  jar  that  is  fin- 
ished is  always  put  down  on  the  left 
hand  side;  this  process  is  facilitated 
by  the  belt.  The  result  is  that  with- 
out any  instruction  the  workers  have 
learned  to  pick  up  one  jar  while  they 
put  down  another,  in  fact  have  learned 
in  this  respect  to  become  bimanuficient. 

An  Experiment  in  Covering  Choco- 
lates.— -In  covering  chocolates,  the 
worker  drops  the  center  into  the  choco- 
late with  the  left  hand  and  covers  it 
with  a  fork  held  in  the  right  hand. 

Almost  every  worker  in  the  choco- 
late dipping  department  was  found  to 
possess  a  different  method  of  work. 
Some  were  able  to  perform  the  opera- 
tion with  a  comparatively  small  num- 
ber of  movements,  and  others  employed 
a  greater  number  of  movements.  The 
workers    differed    in    the    size    of    the 


movements  which  the.y  employed,  some 
making  extended  movements  though 
few  in  number,  and  others  making  the 
same  number  of  movements  though 
less  extended  in  nature.  Tliis  can  be 
illustrated  by  reference  to  Figures  5 
and  6. 

The  investigator  hoped  that  he  would 
be  able  to  reduce  the  number  of  move- 
ments employed  by  getting  the  workers 
to  adopt  the  rhythmic  curved  move- 
ment which  was  employed  in  sugar  dip- 
ping, but  he  realized  that  no  definite 
rule  could  be  laid  down  as  to  the  exact 
number  of  movements  necessary  on 
account  of  the  technical  difiiculties  con- 
nected with  the  thickness  and  tempera- 
ture of  the  chocolate.  He  therefore 
decided  to  suggest  a  method  and  to 
leave  it  to  each  worker  to  determine 
how  many  movements  she  would  take 
to  do  the  work. 

The  workers  found  the  new  method 
so  easy  that  in  a  few  months  their  piece 
rate  earnings  were  equal  to  the  earn- 
ings of  girls  of  several  years'  stand- 
ing. When  the}-  had  reached  that 
standard  they  were  moved  into  the 
room  with  the  other  workers.  Many 
of  the  older  workers  became  most  in- 
terested in  the  new  method  and  began 
to  pay  attention  to  the  number  of  move- 
ments employed.  The  forewoman  was 
of  the  opinion  that  the  new  method  had 
had  a  most  beneficial  effect  upon  the 
whole  department,  and  she  was  sure 
that  the  dippers  as  a  whole  Avere  em- 
ploying fewer  movements. 

An  Experiment  in  Chocolate  Pack- 
ing.— There  are  various  ways  of  ar- 
ranging for  a  supply  of  chocolates  to 
lie  packed,  but  the  most  usual  is  either 
to  arrange  the  chocolates  on  trays,  one 
above  the  other,  immediately  in  front 
of  the  worker,  or  to  have  them  in  boxes 
spread  out  before  the  worker  in  two 
horizontal  planes.    The  system  of  pack- 
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ing  in  vogue  in  tlie  particular  factory 
in  wliich  the  experiment  was  carried 
out  was  of  the  latter  type. 

The  only  way  to  insure  easy  rhyth- 
mic movement  on  the  part  of  the  work- 
er was  to  design  patterns  which  made 
it  possible  and  which  at  the  same  time 
were  attractive  to  the  eye.  This  was 
done,  A\dth  the  result  that  the  new  pat- 
terns necessitated  that  chocolates  be 
taken  from  the  boxes  in  something  like 
the  following  order : 


Bottom  Layer 
1,     2,     3,     4, 

5,  5,     5,     5, 

6,  7,     8,    9, 
10,  10,  10,  10, 


Top  Layer 
11,  12,     1,     2. 

3,  3,     3,     3, 

4,  5,     6,     7, 

8,     8,     S.     S,  etc. 


This  is  only  an  example,  and  an  in- 
finite number  of  patterns  are  possible 
which  still  allow  the  worker  to  move 
in  an  ordered  way.  The  worker's  hand 
still  has  to  move  from  the  center  of  the 
bench,  where  the  box  which  she  is  pack- 
ing is  situated,  to  the  circumference 
where  the  boxes  from  which  she  is  tak- 
ing chocolates  are  situated;  but  instead 
of  having  to  make  a  separate  decision 
each  time  a  chocolate  is  required  as  to 
which  box  to  tind  it  in,  her  movements 
can  now  be  made  in  a  semi-automatic 
fashion,  simple  movement  associations 
being  formed  which  directly  correspond 
with  the  visual  association  of  the  re- 
quired pattern. 

A  new  bench  was  designed  which  en- 
abled the  worker  to  sit  while  at  work, 
and  the  boxes  from  which  she  was  pack- 
ing were  arranged  in  a  semi-circle  in- 
stead of  in  a  straight  line  in  front  of 
her.  The  sides  of  the  semi-circle  worked 
on  hinges  and  could  thiis  be  easily  ad- 
justed by  the  worker  to  the  position 
in  which  she  found  it  most  comfortable 
to  work.  The  new  method  of  packing 
resulted  in  an  increased  output  of  38 
per  cent. 


In  all  these  experiments  no  stimulus 
of  any  land  was  given  to  the  workers 
to  increase  their  output.  The  principle 
in  each  case  was  to  devise  what  was 
lielieved  to  be  an  easier  way  of  doing 
the  work  and  then  to  leave  the  matter 
in  the  workers'  hands. 

Summary 

Time  and  motion  study  is  of  great 
industrial  importance.  It  was  intro- 
duced by  Taylor  and  followed  up  by 
Gilbreth  with  the  direct  object  of  in- 
creasing output;  the  former  timed  the 
quickest  Avorkers,  wliile  the  latter,  by 
timing  units  of  movements,  determined 
a  shortest  possible  time ;  both  these  pio- 
neers urged  on  workers  to  attain  the 
pace  fixed.  Workers  object  that  both 
these  methods  which  aim  only  at  speed 
result  in  unhealthy  drive. 

A  new  point  of  view  is  now  proposed 
which  concentrates  attention  on  ease  of 
movement  and  not  on  speed  of  produc- 
tion, on  the  effort  of  the  work  and  not 
on  the  task.  The  object  is,  by  making 
necessary  movements  rhythmic  and 
graceful,  and  by  eliminating  unneces- 
sary movements,  to  minimize  fatigue 
and  produce  pleasure-  in  work.  In- 
creased output  is  not  the  objective,  and 
may  or  may  not  result.  It  is  significant, 
however,  that  in  every  case  that  has 
come  under  the  writer's  notice,  where 
this  new  principle  has  been  employed 
increase  of  output  has  in  fact  resulted. 

Practical  applications  of  this  new 
point  of  view  at  a  process  of  sweet  di]) 
ping  resulted  in  an  increase  of  output 
of  88  per  cent. ;  at  bottling  sweets,  in 
an  increase  of  50  per  cent.;  at  cover- 
ing chocolates,  in  greatly  shortening 
the  time  required  for  acquiring  pro- 
ficiency; and  at  chocolate  packing,  in 
an  increase  of  38  per  cent.  No  stimulus 
was  used  in  these  experiments  to  induce 
llie  operatives  to  work  faster. 
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TUBERCULOSIS  AS  IT  AFFECT  S   THE  INDUSTRIAL  WORKER' 
Feaxk  a.  Craig,  M.D. 

From   the   Pliipps  Institute   of   the   University  af  Pcnnitytvania.   Philadelphia 


THE  relationship  between  tuberculo- 
sis and  the  industrial  worker  is  so 
complicated  and  involved,  and  presents 
so  many  phases  of  interest  to  the  indus- 
trial physician,  that  it  would  be  impos- 
sible to  do  more  than  refer  briefly  to 
certain  of  the  more  important  phases  of 
the  subject.  There  is  no  disease  wliich 
is  so  important  from  the  standpoint  of 
the  industrial  physician,  as  it  appears 
in  so  many  varied  forms  and  may  so 
completely  disable  the  workman,  fre- 
quently after  a  prolonged  period  of  par- 
tial disability  with  the  loss  of  a  consid- 
erable amount  of  time  and  efficiency. 
The  onset  is  usually  so  insidious  that 
the  disease  becomes  well  advanced  be- 
fore its  true  nature  is  recognized. 

During  recent  years  great  stress  has 
been  laid  upon  the  importance  of  child- 
hood infection  mth  tuberculosis,  and 
the  frequency  of  adult  infection  has  been 
questioned,  but  the  studies  upon  which 
this  view  is  based  are  of  such  a  character 
that  it  would  seem  inadvisable  to  neglect 
any  of  the  precautions  which  have 
hitherto  been  employed  to  prevent  the 
dissemination  of  the  tubercle  bacilli 
among  adults.  In  industry  the  detec- 
tion of  the  disease  is  of  the  utmost  im- 
portance to  the  employer,  the  employee 
affected,  and  his  fellow-workers. 

The  relationship  between  tuberculosis 
and  industry  constitutes  one  of  the  most 
important  problems  bearing  upon  the 
prevention  of  this  disease,  the  solution 

*Kcii(l  l)pfore  the  Section  on  Industrial  Medi- 
cine and  Surgery  of  tlie  CflUefrc  of  Physieians, 
riiiladelpliia.  Feb.  24,  1922.  Kecelved  for  publica- 
tion  .March  27,  1022. 


of  which  unfortunately  presents  many 
difficulties.  It  is  almost  impossible  to 
determine  in  any  indi\^dual  case  how 
imiaortant  a  part  has  been  played  by 
occupation,  and  to  what  extent  home  en- 
vironment and  mode  of  living  have  been 
responsible  for  the  development  of  the 
disease.  A  weak  point  in  most  of  the 
studies  of  tuberculosis  in  industrial 
bodies  Ues  in  the  fact  that  the  home  con- 
ditions of  the  workers  have  been 
ig-nored.  The  disease  is  extremely  prev- 
alent among  the  poor  industrial  work- 
ers— that  large  group  which  is  usually 
exposed  to  crowded,  poor  living  condi- 
tions, poor  food,  dissipation,  and  simi- 
lar factors  which  we  know  may  be  re- 
sponsible for  the  development  of  the  dis- 
ease and  may  favor  its  spread. 

There  can  be  no  question  that  working 
under  unfavorable  conditions  results  in 
an  increase  of  the  disease  and  that  im- 
provement of  the  general  hygienic  con- 
ditions of  the  plant  is  followed  by  a 
reduction  in  its  frequency.  Industry, 
then,  bears  the  same  relation  to  tuber- 
culosis that  the  home  environment  bears 
to  it ;  it  is  just  as  essential  that  the 
working  conditions  should  be  favorable 
as  that  the  home  conditions  should  be. 
In  studying  tuberculosis  in  any  given 
industry,  one  must  not  only  consider 
the  special  trade  processes  involved,  but 
also  the  general  conditions  as  to  light, 
ventilation,  etc.  There  are  certain  trade 
processes  and  occupations,  especially 
those  in  which  irritative  types  of  inor- 
ganic dust  constitute  a  hazard,  which 
have  such  a   liigli   mortalitv   rate  from 
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tuberculosis  that  they  have  always  been 
regarded  as  definite  predisposing  fac- 
tors. 

The  effects  of  industry  have  been 
summarized  by  Dr.  Hayhurst  (1)  as  fol- 
lows: (1)  deaths  from  industrial  dis- 
eases are  rare;  (2)  specific  occupational 
diseases,  such  as,  for  instance,  those  due 
to  poisons,  are  fairly  common;  (3)  non- 
specific occupational  diseases,  repre- 
sented by  chronic  infections  and  degen- 
erative processes,  are  very  common; 
while  (i)  health  complaints  in  which  the 
occupation  enters  as  a  chief  factor  are 
almost  universal.  He  further  states, 
"It  is  startling  when  we  realize  that 
such  an  innocent  occupation  as  that  of 
the  telephone  girl  is  associated  with  a 
tuberculosis  rate  of  43  per  cent,  of  all 
deaths  among  this  class  of  workers,  and 
that  the  stenographer  suffers  a  rate  of 
39  per  cent,  from  the  same  disease." 

Another  phase  of  the  tuberculosis 
problem  of  considerable  practical  im- 
portance, especially  from  the  standpoint 
of  the  industrial  plant,  is  the  relation- 
ship between  pulmonary  tuberculosis 
and  trauma.  Evidence  regarding  a  suf- 
ficient number  of  cases  has  been  estab- 
lished in  which  tuberculosis  has  followed 
traumatism — in  individuals  known  to 
have  been  free  of  all  evidence  of  the  dis- 
ease prior  to  the  injury — to  warrant  one 
in  accepting  trauma  as  a  possible  cause 
for  the  development  of  the  disease.  The 
physical  examination  of  applicants  for 
emplojonent  and  the  frequent  re-examin- 
ation of  employees  are  the  only  means  of 
protection  which  a  plant  possesses 
against  being  unjustly  held  responsible 
for  tubei'culosis  in  persons  who,  when 
injured,  claim  that  the  traumatism  is 
responsible  for  the  disease. 

When  one  studies  the  frequency  with 
which  tuberculosis  is  encountered  in  in- 
dustrial bodies,  one  encounters  difficulty 
in  securing  data  so  formulated  that  a 


definite  comparison  of  one  plant  with 
another  can  be  made.  Some  statistics 
refer  to  males,  some  to  females,  and 
others  to  both  sexes.  In  some  instances 
where  both  sexes  are  included,  the  pro- 
portion of  males  and  females,  with  the 
corresponding  rates,  is  not  given.  Often 
no  mention  whatever  is  made  of  the  sex 
of  the  workers.  Similarly,  no  distinc- 
tion is  made  between  white  and  colored 
workers.  Very  few  statistics  give  the 
average  age  of  the  workers  and  practi- 
cally none  are  arranged  according  to 
age  group.  Rarely  is  mention  made  of 
the  exact  occupation  of  the  individuals 
affected.  Occasionally  the  number  of 
examinations  is  given,  but  generally  no 
reference  is  made  to  the  total  number  of 
workers  employed,  the  reason  for  the 
examination,  the  method  of  examina- 
tion, or  the  grounds  upon  which  the 
diagnosis  was  based,  etc.  Some  physi- 
cians employ  the  term  "serious  lung  de- 
fect," and  fail  to  state  the  nature  of  the 
defect;  some  include  suspected  tubercu- 
losis and  definite  tuberculosis  under  one 
heading;  others  include  them  under 
separate  headings.  It  is  not  surprising, 
in  view  of  this  lack  of  uniformity,  that 
the  tuberculosis  incidence  rates  in  Table 
1,  Avhich  I  have  collected  from  various 
sources,  show  such  an  exceedingly  wide 
variation,  running  all  the  way  from 
0.02  per  cent,  to  6  per  cent.  The  definite 
tuberculosis  cases  in  Avhich  the  complete 
figures  are  given  show  an  average  of 
1.494  per  cent. 

The  great  variation  between  the  find- 
ings of  the  different  authors  in  various 
industries  cannot  be  accepted  as  being 
indicative  of  the  influence  of  the  indus- 
try itself  upon  the  prevalence  of  the 
disease,  as  there  are  too  many  other  fac- 
tors which  must  also  be  taken  into  con- 
sideration— such  as  age,  sex,  color, 
methods  employed,  and  the  individual 
opinion  of  the  examining  physician  as 
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to  what  physical  signs  and  symptoms 
are  to  be  considered  as  indicating  the 
presence  of  the  disease,  and  as  to  what 
care  was  exercised  in  making  the  exami- 
nation. This  personal  equation  of  the 
examining  physician  is  probably  one  of 
the  most  important  factors  involved. 
A^Tiile  the  incidence  rates  given  in  this 
table  are  by  no  means  constant,  they 
are  sufficient  to  indicate  that  the  disease 
is  so  generally  prevalent  as  to  warrant 
our  employing  every  possible  means  to 
prevent  it. 

Viewing  the  problem  from  a  slightly 
different  angle,  it  is  interesting  to  see 
how  many  days  per  employee  are  lost 
annually  through  tuberculosis.  In  his 
excellent  article  on  industrial  absentee- 
ism, Dr.  Quinby  (18)  states  that  in  the 
industrial  plant  of  Avhicli  he  is  medical 
director  pulmonary  tuberculosis  was  re- 
sponsible for  the  loss  of  0.246  days  per 
employee  during  the  year  1920.  Exclud- 
ing acute  infections  of  the  upper  respir- 
atory tract,  tuberculosis  had  the  second 
highest  rate  of  any  disease  or  group  of 
diseases.  Diseases  of  the  stomach  had  a 
higher  rate  (0.297),  and  rheumatism 
had  a  slightly  lower  rate  (0.235).  This 
gives  one  a  clear  appreciation  of  the 
importance  of  tuberculosis  from  the  in- 
dustrial standpoint. 

Fortunately,  we  have  at  our  command 
a  method  of  detecting  tuberculosis 
among  industrial  workers,  namely,  by 
means  of  entrance  examinations  com- 
bined -ndth  periodic  health  examinations. 
If  carefully  conducted,  this  procedure 
wU  undoubtedly  help  materially  to  re- 
duce the  number  of  cases  within  a  rela- 
tively short  period  of  time,  provided 
the  hygienic  condition  of  the  plant  is 
good.  It  must  be  borne  in  mind,  how- 
ever, that  by  examinations  I  mean  com- 
plete examinations  for  all  defects  and 
diseases,  for  it  is  neither  practical, 
economical,  nor  expedient  to  conduct  an 


investigation  of  this  kind  for  the  detec- 
tion of  one  disease  alone.  As  a  matter 
of  fact,  every  defect  or  disease  detect- 
ed and  corrected,  and  every  step  taken 
to  improve  the  health  and  well-being  of 
the  individual  is  a  step  toward  the  pre- 
vention of  tuberculosis. 

The  entrance  examination  has  been 
fairly  generally  employed  and  is  in 
operation  in  a  large  number  of  plants 
because  it  is  a  procedure  which  more 
readily  appeals  to  the  employer, 
promising  a  deiinite,  tangible  return  by 
eliminating  the  seriously  disabled  and 
diseased  workmen,  and  also  serving  as 
a  control  on  the  type  of  work  which  may 
be  performed  by  worlanen  with  a  mod- 
erate disability,  preventing  them  from 
engaging  in  an  occupation  which  would 
aggravate  their  defects.  The  results  to 
be  obtained  by  periodic  health  examina- 
tions are  not  so  obvious  to  the  employer, 
and  consequently  it  is  difficult  to  con- 
\'ince  him  of  the  value  of  a  health  pro- 
gram in  which  both  entrance  examina- 
tions and  periodic  health  examinations 
are  included. 

While  the  entrance  examination  may 
serve  to  keep  out  of  the  plant  seriously 
diseased  individuals  and  may  help  to 
place  men  at  work  for  which  they  are 
physically  fitted,  it  is  concerned  only 
with  the  new  employee  —  usually  the 
least  valuable  to  the  plant — and  does 
not  include  the  valuable  workmen  who 
have  been  in  the  employ  of  the  plant 
for  some  time.  Any  attempt  to  keep 
these  older  employees  under  observa- 
tion by  examining  them  when  sick  is  of 
relatively  little  value  to  the  plant ;  they 
should  be  examined  periodically  before 
they  become  actually  ill,  wlien  the  first 
manifestations  are  present,  and  at  a 
time  when  a  change  of  occupation,  per- 
haps, or  treatment  while  at  work  may 
be  sufficient  to  prevent  illness. 

Tuberculosis  is  a  disease  which,  like 


TABLE   1.— TUBERCULOSIS    RATES   IN    INDUSTRIAL   STUDIES    COLLECTED   FROM 

VARIOUS   SOURCES 


.\uthor 

IiKlustn- 

Title     of     Defect 

No.  ol 
Cases 

Incidence 
Rate 

No.   Examined 

Appli- 
cants 

Em- 
ployees 

Male 

Female 

electric    mfg.    co- 

serious  lung  defect 

17 

44 

90 

2 

4 

1 

% 
0.09 
0.14 
0.50 

0.05 
0.07 
0-03 

18,390 
29,805 
17,858 
3,628 
5,583 
2,944 

X 
X 

X 
X 
X 
X 

X 
X 
X 

X 

X 

Buzby    (i)     

leather  works  and 
cannery 

unquestionable 
tuberculosis 

— 

0-80 

1,500 

X 

X 

X 

s 

Lowman    (4)    

steel   company 

lung    disease 

35 

59 

0.28 
2.42 

12,302 
2,430 

X 
X 

X 
X 

X 
X 

Kellogg   (5)    

department     store 

active  tuberculosis 

inactive 

tuberculosis 

active  tuberculosis 

19 
8 

6 

3-80 
1.60 
3.00 

500 

(2,000   employees; 
85%  females) 

X 

X 

X 

inactive 
tuberculosis 

2 

1.00 

200 

X 

X 

X 

Kellogg   (6)    

.. 

tuberculosis 

42 

3.47 

1,210 

X 

X 

X 

Clark    (7)    

grinding  company 

lung  rejections 

5 

0.19 

2,618 

X 

X 

Cutler   (8)    

Scheffel    (9)    

not   stated;   medi- 
um but  hazardous 

pulmonary 
tuberculosis 

tuberculosis 

10 

1 

0.50 
0.33 

2,000 
300 

X 
X 

X 
X 

Britton    (10)     

International 
Harvester   Co- 

;- 

0.88 
0.54 

about    20.000 

X 
X 

X 
X 

X 
X 

Schereschevvsky  (11) 

garment    workers 
garment    workers 

pulmonary 
tuberculosis 

the  same 

65 
9 

3.111  2.49 
0.9  J 

f     2,086 
\     1,000 

X 

X 

X 

X 

Price   (12) 

bakers 

tailors 

tobacco    workers 

furriers 

2.40 
1-60 
1-30 
6.00 

800 

800 

600 

83 

Fisk    (13)          ..    .. 

insurance    policy 

holders 

commercial 

employees 

possible 

tuberculosis 

of  lungs 

the  same 

- 

1.40 
0.90 

X 
X 

X 
X 

X 
X 

Mock    (14)    

clerks,  35% 

light  skilled,  20% 

heavy  mfg.  and 

laboring,   45% 

active  tuberculosis 

- 

1.70 

112,000 

X 

58% 

42% 

miscellaneous,   re- 
ports  of   ten 
surgeons 

„ 



1.40 

X 

steelworkers — 
U.S.P.H.S. 

..                •' 

_ 

0.92 

936 

X 

Robinson   and 
Wilson   (IS)    

Craig    

miscellaneous 

policemen  and 
firemen 

drafted   men 

drafted    men   in 
Pennsylvania 

pulmonary 
tuberculosis 

- 

1.07  1,  ,0 
1.89;^-^" 

14,049 
5,883 

X 
X 

X 

X 

War  Department 
(16)     

the  same 

pulmonary   and 

suspected 

tuberculosis 

the  same 

103 

1.80 

2.202 
1.947 

5,706 

X 

X 

X 
X 

Doty  (17)    

telegraph   co. 

tuberculosis 

36 

0.49 

7,201 

X 

68% 

32% 

173 
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many  others,  usuallj^  develops  insidious- 
ly, the  patient  frequently  not  consider- 
ing himself  ill  until  the  disease  is  well 
develoiaed  or  even  advanced.  This  fact 
was  strikingly  illustrated  in  the  exami- 
nation of  the  policemen  and  firemen  of 
the  city  of  Philadelphia,  recently  con- 
ducted by  the  Phipps  Institute  of  the 
University  of  Pennsylvania,  in  which 
nearly  two-thirds  (64  per  cent.)  of  the 
cases  of  tuberculosis  discovered  had 
previously  been  entirely  unsuspected, 
even  by  the  affected  individuals  them- 
selves. 

In  order  to  prevent  the  infection  of 
other  workmen  and  to  secure  a  reten- 
tion of  the  working  capacity  of  the  in- 
dividual affected  with  tuberculosis,  mth 
the  loss  of  only  a  relatively  short  peri- 
od of  time,  the  disease  must  be  dis- 
covered early.  There  is  no  method  for 
this  early  detection  of  disease  which  is 
at  all  comparable  with  periodic  health 
examinations. 

For  the  foregoing  reasons  I  would 
like  to  make  a  special  appeal  for 
the  installation  of  this  method  of  study 
in  every  industrial  establishment. 
While  sei'ious  objection  will,  no  doubt, 
be  raised  to  such  an  elaborate  and 
time  consuming  procedure,  I  believe 
that  the  difficulties  are  not  insuper- 
able and  that  the  results  obtained 
would  more  than  compensate  for  the 
cost  involved.  It  is  impossible  to  esti- 
mate how  great  would  be  the  influence 
upon  the  public  health  of  a  widespread 
employment  of  periodic  examinations. 
A  recent  study  of  periodic  health  ex- 
aminations by  one  of  the  large  insur- 
ance companies  has  clearly  demonstra- 
ted their  economic  value  to  such  an 
organization,  and  I  can  see  no  reason 
why  they  would  not  be  of  equal  financial 
value  to  an  industrial  plant.  There  can 
be  no  question  that,  from  the  stand- 
point of  tuberculosis  at  least,  the  gen- 


eral employment  of  periodic  physical 
examinations  would  constitute  one  of 
the  most  effective  measures  that  could 
be  de\'ised  for  the  advancement  of  pre- 
ventive medicine. 

To  be  of  value  it  is  essential  that  the 
examinations  be  made  with  thorough- 
ness, care,  and  precision;  otherwise  the 
early  cases  of  tuberculosis  mil  be  over- 
looked. There  is  no  disease  which  va- 
ries more  in  its  clinical  manifestations 
than  does  tuberculosis ;  in  some  cases 
the  general  symptoms  predominate,  and 
in  others  the  pulmonary  signs  are  most 
marked.  The  latter  type  of  case  is  more 
easily  recog-nized  by  the  examining 
physician  than  the  former,  which  is  fre- 
quently confused  with  some  other  dis- 
ease. While  the  early  recognition  of 
the  disease  is  not  always  easy,  in  the 
majority  of  eases  a  careful  examination 
will  reveal  its  presence.  It  is  a  mistake 
to  view  the  early  diagnosis  of  pulmon- 
ary tuberculosis  as  a  very  difficult  pro- 
cedure requiring  expert  training,  em- 
ploj-ment  of  the  roentgen  rays  and  sim- 
ilar costly  methods.  More  early  cases 
pass  unrecognized,  through  careless- 
ness or  neglect  to  examine,  than  are 
undetected  on  account  of  lack  of  train- 
ing. There  are,  to  be  sure,  a  certain 
number  of  cases  which  tax  one's  diag- 
nostic ability  very  severely,  but  they 
constitute  only  a  relativelj^  small  pro- 
portion of  the  total  number. 

Tlie  cases  which  present  the  most 
difficulty  are  those  in  which  there  are 
symptoms  or  general  signs  suggesting 
the  presence  of  tuberculosis,  but  in 
which  the  physical  signs  in  the  chest 
are  indefinite  or  obscure;  or,  on  the 
other  hand,  those  in  which  there  is  defi- 
nite evidence  of  pulmonary  disease, 
suggesting  tuberculosis,  in  which  the 
sputum  remains  negative  for  tubercle 
bacilli.  In  both  of  these  types  of  cases 
it  may  be  found  necessary  for  tlie  in- 
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dustrial  physician  to  seek  the  assistance 
of  some  one  who  has  had  considerable 
experience  in  diseases  of  the  chest  and 
who  has  access  to  laboratory  facilities 
which  will  aid  him  in  establishing  a 
diagnosis. 

The  method  to  be  employed  in  carry- 
ing out  entrance  examinations  is  so  well 
known  that  it  is  unnecessary  to  refer 
to  it  at  this  time.  The  periodic  health 
examinations  constitute  more  of  a  prob- 
lem, the  method  of  procedure  varying 
with  the  size  of  the  plant,  the  number  of 
workmen  that  can  be  spared  from  work 
at  one  time,  the  medical  equipment  of 
the  iDlant,  etc.  The  frequency  with  which 
they  should  be  carried  out  is  also  a  diffi- 
cult question  to  decide,  as  I  have  so  far 
been  unable  to  discover  any  accurate 
studies  which  would  throw  any  light  on 
this  question.  In  very  hazardous  occu- 
pations it  is  customary  to  make  exami- 
nations at  frequent  intervals,  even  every 
month,  but  in  the  average  plant  they 
are  made  at  intervals  of  one,  two  or 
three  years,  according  to  the  judgment 
of  the  medical  officer. 

The  industrial  plant  with  a  medical 
staff  of  its  o^\^l  should  experience  no 
difficulty  in  making  periodic  health  ex- 
aminations, pro\dded  they  were  taken 
into  consideration  at  the  time  when  the 
medical  staff  was  organized,  or  provid- 
ed the  personnel  is  increased  to  permit 
their  being  made.  They  may  be  made 
continuously  throughout  the  year,  each 
employee  reporting  for  re-examination 
about  one  year  from  the  time  of  employ- 
ment and  again  each  succeeding  year, 
or  it  may  be  less  disturbing  to  conduct 
an  intensive  study  of  all  employees 
within  a  short  period  of  time,  prefer- 
ably during  the  slack  season.  For  the 
latter  method  it  may  be  necessary  to 
have  the  examinations  condi;cted  by 
some  outside  agencv  in  order  to  avoid 


interfering  with  the  routine  medical 
service  of  the  plant. 

The  plant  which  has  no  regular  medi- 
cal officer  or  only  a  part-time  physician 
will  find  it  almost  impossible  to  have 
periodic  health  examinations  made  with- 
out the  help  of  some  outside  agency  un- 
less the  number  of  employees  is  so  small 
that  the  part-time  physician  can  make 
the  examinations  along  with  his  routine 
Avork. 

The  need  for  some  organized  agency, 
which  could  assist  in  the  work  of  con- 
ducting health  surveys  and  could  serve 
as  a  group  diagnostic  center  for  ob- 
scure cases,  so  impressed  the  Henry 
Phipps  Institute  that  it  organized  such 
a  team  of  examiners  and  established  a 
diagnostic  clinic  for  the  use  of  indus- 
trial plants  in  and  about  Philadelphia, 
the  object  being  to  provide  a  service 
which  would  cover  all  disabilities  and 
not  merely  tuberculosis.  The  recent 
period  of  business  depression  seriously 
interfered  Avith  the  health  survey  work 
but  the  diagnostic  clinic  is  now  in  opera- 
tion and  is  handling  cases  from  several 
large  industrial  establishments. 


Summary 

In  the  foregoing  paper  I  have  at- 
tempted to  give  an  outhne  of  the  tuber- 
culosis problem  as  it  affects  the  indus- 
trial worker.  An  unusual  opportunity 
is  here  offered  for  the  introduction  of 
preventive  measures,  such  as,  for  ex- 
ample, periodic  health  examinations,  the 
results  of  which  Avould  be  felt  in  the  in- 
dustries themselves  and,  if  sufficiently 
A\idespread,  would  have  a  beneficial  ef- 
fect upon  the  health  of  the  public.  The 
review  of  the  subject  has  also  made  evi- 
dent the  need  for  a  more  carefully  de- 
veloped and  more  uniform  method  of 
statistical  report. 
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CERTAIN  ASPECTS  OF  THE  PROBLEM  OF  ZINC  TOXICITY* 
Philip  Drinker,  B.S.,  Ch.E. 
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IXTRODUCTION 

THE  toxicity,  physiological  action, 
and  distribution  of  zinc  and  its 
compounds  are  of  importance  cliiefly 
as  the  oxide,  their  most  inert  ex- 
ample. Finely  powdered  metallic  zinc, 
as  such,  is  not  absorbed  through  the 
sldn  by  handling  and  is  encountered  in- 
dustrially only  in  the  form  of  blue  pow- 
der. There  appears  no  evidence  in  the 
literature  that  ill  etfects  from  blue  pow- 
der occur  in  the  industries  where  it  is 
used  the  most:  namely,  in  sherardizing, 
in  the  cyanide  process,  and  in  the  manu- 
facture of  certain  dyes.  Whether  in  the 
form  of  powder  or  spelter  it  is  very 
generally,  and  with  entire  justice, 
classed  as  of  no  importance  from  the 
toxicological  standpoint. 

Isolated  cases  of  sldn  lesions  and 
burns  from  zinc  chloride  have  been  re- 
ported from  time  to  time.  Their  nature 
and  treatment  are  well  understood  and 
their  occurrence  can  be  ascribed  to  care- 
lessness. Compounds  such  as  the  sul- 
phate have  no  importance  from  the 
standpoint  of  industrial  hygiene. 

Zinc  oxide  is  daily  receiving  greater 
industrial  application.  It  is  used  exten- 
sively in  the  comiDounding  of  rubber 
goods,  in  the  manufacture  of  paint,  lino- 
levun,  oil  cloth,  glass  and  porcelain,  in 
the  preparation  of  zinc  salts,  especially 
the  chloride,  and  in  other  less  important 
industries. 

Brass  Founders'  Ague 
In  several  industries,  of  which  brass 
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manufacture  is  the  best  example,  zinc  is 
heated  to  a  temperature  at  which  it 
exerts  a  high  vapor  tension.  The  burn- 
ing of  this  vapor  then  produces  zinc 
oxide  in  a  state  of  extreme  particle  fine- 
ness. Tlie  inhalation  of  the  oxide  in 
this  condition  has  been  held  to  cause  the 
malady  known  under  a  variety  of  names, 
of  which  brass  founders'  ague,  or  more 
simply  the  ague,  will  be  used  hereafter. 
Symptomatology. — More  than  sev- 
enty years  ago  descriptions  of  the  ague 
appeared,  and  these  have  been  accur- 
ately reaffirmed  so  often  that  they  need 
but  a  brief  word  in  addition.  A  few 
hours  after  exposure  to  air  containing 
the  freshly  formed  oxide,  a  dryness  in 
the  throat  is  noticed  Avhich  gives  rise 
to  a  tendency  to  cough.  General  lassi- 
tude, an  oppression  in  the  chest  some- 
times resulting  in  difficult  breathing, 
and  occasionally  vomiting,  are  other 
early  symptoms.  After  leaving  the 
casting  room,  which  is  usually  warmer 
than  the  outdoor  air,  chills  are  induced, 
ultimately  developing  into  shakes  with 
an  attendant  rise  in  temperature  which 
passes  off  in  a  few  hours  with  copious 
sweating.  This  series  of  events  creates 
a  desire  for  warm  drinks,  of  which  milk 
seems  to  be  in  the  greatest  favor.  With 
the  passing  of  the  fever  the  patient 
sleeps  soundly  and  arises  the  next  day 
feeling  slightly  Aveak  but  not  incapaci- 
tated for  work.  While  the  ague  rarely 
causes  absence  from  the  foundries,  it 
has  been  repeatedly  reported  that  on 
Mondays  and  on  days  following  holi- 
days workmen  are  more  susceptible — 
a  fact  which  indicates  that  an  immunity 
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is  developed  by  habituation  to  the 
fumes.  Alcoholism  is  claimed  by  some 
as  a  factor  enhancing  individual  suscep- 
tibility. 

Treatment  and  Preventio)i. — No  spe- 
cific treatment  has  been  sho'wn  to  be 
universally  effective.  It  is  claimed  that 
warm  milk  induces  precipitation  of  zinc 
albuminates  and  thus  rids  the  system 
«f  the  cause  of  the  ague,  but  this  theory 
has  by  no  means  been  proved.  Although 
warm  drinks  may  be  of  help,  warm 
water  would  probably  be  about  as  effec- 
tive. 

It  has  been  demonstrated  repeatedly 
that  good  ventilation  will  prevent  the 
ague.  The  problem  should,  therefore, 
be  placed  in  the  domain  of  preventive 
medicine,  and  the  occurrence  of  trouble 
ascribed  to  ignorance  or,  more  gener- 
ally, to  gross  carelessness. 

Thekmophysics  and  Chemistry  of  Zinc 
Oxide  Foematiox 

In  the  medical  literature  on  the  ague 
there  are  many  erroneous  and  unfortu- 
nate statements  on  the  physical  chem- 
istry and  metallurgy  of  zinc.  These 
errors  are  so  widespread  and  have 
appeared  in  so  many  articles  and  text- 
books that  it  seems  pertinent  to  this 
subject  to  discuss  the  more  important 
factors  governing  the  formation  of  zinc 
oxide.  Furthermore,  these  factors  are 
essential  to  an  adequate  understanding 
of  the  ague.  Except  in  the  splendid 
monograph  by  Gillett  on  "Brass-Fur- 
nace Practice  in  the  United  States"  (1) 
— and  this  was  written  from  the  stand- 
points of  metallurgy  and  metallography 
— no  accurate  accounts  of  the  ague  on 
the  basis  of  the  thermophysics  and 
chemisti-y  of  zinc  oxide  have  appeared 
in  the  literature.  Gillett's  work  should 
have  done  much  to  dispel  the  errors 
wliicli  lia\-('  n])p('ar('(l,  but  it  lias  appar- 


ently not  received  the  recognition  which 
it  has  deserved.  Although  our  knowl- 
edge has  progressed  since  the  publica- 
tion of  this  monograph,  there  are  so 
many  valuable  data  compiled  in  it  that 
free  recourse  has  been  had  to  its  pages 
in  the  preparation  of  this  article. 

Heat  of  Formation  of  Zinc  Oxide. — 
Pure  zinc  melts  at  419.4°  C.  (2)  and, 
under  normal  pressure  of  760  mm.,  boils 
at  between  920°  and  930°  C.  (3),  the 
exact  boiling  point  still  being  subject  to 
dispute.  For  convenience  the  range 
920"  to  930°  will  be  used  in  this  paper, 
and  it  is  sufficiently  accurate  for  the 
purposes  intended. 

To  produce  1  gram-molecule  of  zinc 
oxide  (81  gm.)^  it  is  necessary  to  burn 
65  gm.  of  zinc  with  16  gm.  of  oxygen. 
If  this  is  done  calorimetrically  in  the 
laboratory,  one  starts  and  ends  with  all 
three  substances  at  0°C.  or  makes  the 
calculations  as  if  such  were  the  case. 
This  reaction  results  in  the  liberation  of 
84,800  calories.  To  have  the  reaction 
actually  take  place,  however,  either  the 
zinc  must  be  in  a  fine  state  of  division, 
as  is  the  case  with  blue  powder,  or  else 
sufficient  heat  must  be  supplied.  Once 
the  reaction  is  started,  it  will  proceed  to 
the  quantitative  formation  of  zinc  oxide, 
provided  that  there  is  ample  oxygen 
present. 

If  zinc  is  boiled  in  an  open  crucible, 
of  graphite  for  example,  with  walls  suf- 
ficiently high  so  that  the  complete  con- 
version of  zinc  vapor  into  the  oxide  does 
not  take  place  until  the  vapor  has  risen 
above  the  mass  of  boiling  liquid,  suffi- 
cient heat  to  start  the  reaction  is  already 
present  in  the  zinc  vapor.  Unless  this 
heat,  36,345  calories  (4),  is  added  to  the 
84,800  calories  rejiresenting  the  forma- 
tion of  zinc  oxide  with  the  reaction  start- 
ing and  ending  at  0°C.,  a  value  below 
the  c(tn-cct  one  is  obtained.    The  oxida- 

'  Dpciinals  iimy  be  ignored. 
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tion  of  boiling  zinc  is,  therefore,  exo- 
thermic to  the  extent  of  121,145  calories 
per  gram-molecule  of  zinc  oxide  formed. 
The  fact  that  zinc  vapor  is  quanti- 
tatively converted  into  the  oxide,  if  the 
vaporization  takes  place  in  an  oxidizing 
atmosphere,  is  the  basis  of  the  processes 
by  which  thousands  of  tons  of  oxide  are 
produced  todaj'.  If  the  reaction  wer(! 
not  quantitative  and  other  zinc  com- 
pounds or  metallic  zinc  formed,  they 
would  unfailingly  appear  in  the  chemi- 
cally pure  or  even  the  commercial  grades 
of  oxide.  The  fact  that  such  is  not  the 
case  is  well  shown  by  the  following  an- 
alyses, kindly  furnished  by  the  New  Jer- 
sej'  Zinc  Company.- 

Analysis  No.  29078 :  Sample  of 
Zinc  Oxide  "Special" 

Analysis  on  material  as  received: 

Per  Cent. 

Insol 0.026 

H3O      0.241 

CO..    0.038 

Total  S  as  SO.. ■. .   0.240 

CI   0.036 

PbO    0.096 

(klO   0.023 

BioOg    Absent 

CuO   " 

Fe.,0,   0.017 

MnO    0.006 

As.,03   0.053 

Znb  (difference)    99.199 

Sb,03    0.022 

Analysis  No.  40339 :  Sample  of 
Zinc  Oxide  "Selected" 

Analysis  on  material  as  received: 

Per  Cent. 

Insol ' 0.023 

H2O  at  110°C 0.230 

CO2    0.036 

Total  S  as  SO, 0.224 

CI   0.067 

PbO    ' 0.094 

CdO    0.019 

Bi^Oj    Under  0.001 

CuO    "  0.001 

Fe^Oa  0.022 

"See  also  Hofman  (5,  p.  282). 


Per  Cent. 

MnO    0.013 

AS2O3   0.036 

ZnO  (difference)    99.203 

Sb.Oa    0.033 

In  the  commercial  manufacture  of 
zinc  oxide  two  processes  (5,  p.  281),  the 
French  or  indirect  and  the  Wetherill  or 
direct,  are  in  general  use.  In  the  for- 
mer, zinc  vapor  is  burned  as  it  issues 
from  a  battery  of  small  retorts  in  which 
metallic  zinc  is  boiled.  In  the  Wetherill 
process,  as  applied  by  the  New  Jersey 
Zinc  Company  (6)  at  Palmerton,  Pa., 
the  source  of  zinc  is  oxidized  ore  in 
which  the  zinc  may  be  considered  pres- 
ent as  the  oxide  to  the  extent  of  18  to  22 
per  cent.  Advantage  is  taken  of  the 
heat  remaining  in  the  furnace  from  the 
lirevious  charge  which,  with  forced 
draft,  serves  to  ignite  a  layer  of  anthra- 
cite coal.  On  this  is  placed  the  oxidized 
ore  intimately  mixed  with  fine  anthracite 
coal.  The  temperature  used  commer- 
cially for  the  reduction  of  zinc  oxide  is 
in  the  neighborhood  of  1200°  to  1300°  C. 
(5,  p.  37),  so  that  the  reduced  zinc  ap- 
pears in  the  vapor  and  not  in  the  metal 
state.  Thus,  the  zinc  oxide  is  first  re- 
duced to  zinc  vapor  and  then  re-oxi- 
dized. The  oxidation  takes  place 
above  the  charge  bed  and  is  complete 
when  the  fume  enters  the  sitction  pipes 
leading  to  the  bag  filters,  where  the  ox- 
ide is  collected  and  packed  for  shipment. 

Ilcat  of  Formation  of  Certain  Other 
Metallic  Oxides.— The  burning  of  zinc 
quantitatively  to  its  oxide  has  numerous 
analogies  among  other  metals  and  par- 
ticularly those  entering  into  brass,  the 
most  widely  used  zinc  alloy.  To  be  com- 
parable in  their  tendency  to  form  oxides, 
their  several  heats  of  formation  should 
be  compared  on  the  basis  of  equal 
weights  of  oxygen,  of  which  16  gm.  gives 
a  convenient  unit.     Calculated  in  this 
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manner  for  a  few  of  the  metals,  we  have 
the  foUowng  (4) : 


Per  Gram- 

Per  16  Gm.  of 

Oxide 

Molecule 

Oxygen 

Calories 

Calories 

Mg.O 

143.-100 

143.400 

AU.Oj 

392,600 

130,500 

Zn,0 

84,800 

84.800 

Cd,0 

66.300 

66,300 

-Sb..,.03 

166.900 

55,633 

Pb,0 

50.800 

50,800 

Cu2,0 

43.800 

43,800 

Cu,0 

37.700 

37,700 

Pb.O, 

63.400 

31,700 

The  second  reaction  on  this  list  is  the 
basis  of  the  Thermit  process,  in  which 
the  heat  liberated  by  the  burning  of 
aluminium  is  sufficient  to  reduce  iron 
oxide  and  furnish  molten  iron  for  weld- 
ing. Of  the  zinc,  cadmium,  lead,  and 
copper  group,  it  will  be  seen  that  zinc 
heads  the  list  by  a  considerable  margin. 
Once  the  reaction  is  started  it  will, 
therefore,  proceed  with  greater  violence 
than  in  tlie  cases  of  the  other  three 
metals. 

Manufacture  of  Commercial  Zinc  or 
Spelter. — Owing  to  the  facts  that  the 
temperature  of  reduction  of  zinc  oxide 
is  well  above  its  boiling  point  and  that 
the  zinc  vapor  formed  by  such  reduction 
oxidizes  with  extreme  ease,  zinc  smelting 
cannot  be  carried  out  in  the  manner  in 
which  iron  is  reduced  in  the  blast  fur- 
nace.^ The  processes  used  today  for  the 
manufacture  of  metallic  zinc  are  funda- 
mentally the  same  everywhere.  Zinc  ore 
in  the  form  of  oxide,  roasted  sulphide, 
or  carbonate,  is  mixed  with  approxi- 
mately equal  parts  of  a  reducing  agent 
such  as  anthracite  coal,  and  placed  in  a 
small  clay  retort  or  still  to  which  is  at- 
tached a  clay  condenser.  The  still  is 
lieatod  by  gas  flame,  and  when  the  mass 

'Attempts  liave  boon  niiule  to  carr.v  out  such 
roductions  at  high  i)n>ssur('s  bul  with  resuUs  of 
no  commercial  interest. 


reaches  the  reducing  temperature  of 
zinc  oxide,  zinc  vapor  is  evolved  in  the 
retort,  passes  to  the  condenser  and  is 
there  condensed  to  the  liquid.  Oxida- 
tion always  occurs  to  a  slight  extent  in 
spite  of  the  strongly  reducing  condi- 
tions, and  some  oxide  is  formed  even 
in  the  condensers  and  is  used  in  subse- 
quent charges.  Carbon  monoxide  re- 
sults from  the  reduction  of  zinc  oxide 
with  carbon,  and  burns  with  the  small 
amount  of  uncondensed  zinc  as  both 
gases  issue  from  the  condenser. 

The  trifling  quantity  of  oxide  which 
forms  in  the  condensers  tends  to  con- 
dense the  metallic  zinc  to  the  form  of 
very  line  droplets  coated  "svith  a  film  of 
oxide.  In  the  commercial  production  of 
blue  powder  the  condenser  is  kept  below 
the  melting  temperature  of  zinc.  The 
blue  powder  formed  is  extremely  fine 
and  burns  with  great  ease  —  ^\^th  so 
much  ease,  in  fact,  that  it  is  stored  in  a 
dry  atmosphere  to  avoid  fire  hazard 
(5,  p.  35). 

Vapor  Tension  of  Zinc  and  Certain 
Other  Metals 
If  the  vapor  tensions  of  the  metals 
are  plotted  with  tensions  as  abscissae 
and  absolute  temperatures  as  ordinates, 
the  curves  are  asymptotic  with  the  x 
and  y  axes.  This  makes  the  interpola- 
tion of  points  at  low  pressures  or  high 
temijeratures  subject  to  great  inaccu- 
racy. If  the  logarithms  of  pressure  are 
used  as  abscissae  and  inverse  absolute 
temperatures  as  ordinates,  the  curves 
become  approximately  straight  lines  so 
that  the  accuracy  of  boiling-point  deter- 
minations under  various  pressures  cm 
be  checked  by  observing  whether  these 
points  fall  along  the  calculated  straight 
lines.  In  this  manner  vapor-tension 
dMta  of  the  metals  have  been  collated 
and  presented  by  Johnston  (7).  Curves 
from  his  data  for  copper,  tin,  lead,  zinc, 
and  cadmium  are  reproduced  in  Figure 
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1.  Considering  the  vapor  tension  of  zinc 
under  any  temi^erature  as  an  index  of 
its  tendency  to  volatilize,  and,  if  in  tlie 
air,  to  oxidize,  tliis  tendency  can  be  com- 
pnted  from  the  curve.  At  the  tempera- 
ture of  galvanizing  (approximately 
475°  C.)  zinc  exerts  a  tension  of  0.16 
mm.  (computed  from  the  curve),  while 
under  lioiling  conditions  its  tension  is 
760  mm.  Consequently  the  formation  of 
oxide  tends  to  proceed  about  •4,750  times 


The   vapor  pressure   of   certain   metal.s 


as  rapidly  when  zinc  is  boiled  as  in  or- 
dinary galvanizing.  Assuming  that  zinc 
oxide,  formed  by  oxidation  of  vaporized 
zinc,  is  the  cause  of  brass  founders' 
ague,  it  should  be  many  times  easier  for 
a  case  to  be  developed  where  zinc  is  be- 
ing boiled  than  where  the  zinc  is  at  the 
low  temperatures  used  in  galvanizing. 
That  this  is  true  in  industrial  practice  is 
very  generally  admitted. 

Cryoscopy  of  the  System  Cic  Zii. — In 
considering  the  vapor  tension  of  the 
most  familiar  zinc  alloy,  brass,  factors 
other  than  that  of  simple  solutions  enter 
into  the  problem.  Crj'oscopic  curves  for 
the  system  Cu :  Zn  have  been  determined 
and  show  that  the  melting  points  of  the 
alloy  lie  between  that  of  either  metal. 
Copper  melts  at  1083°  C.  (2),  and  zinc 
at  419.4°  C.  Gillett  (1,  p.  131)  gives  75 
Cu:  25  Zn  a  melting  point  of  920°  C, 


while  60  Cu :  40  Zn  melts  at  about  890° 
C.  By  increasing  or  decreasing  the  i^er- 
centage  of  either  metal  the  melting  point 
can  be  altered  at  ^^-i\\.  In  practice  this 
is  not  strictly  carried  out  since  it  has 
))een  shown  that,  with  certain  definite 
proportions,  alloys  of  optimum  tensile 
strengths,  ductility,  hardness,  etc.,  are 
formed.  Furthermore,  metallograplii- 
cal  observations  have  demonstrated  that 
all  of  the  zinc  and  copper  present  are 
united  as  a  true  alloy  or  solid  solution 
only  under  limited  conditions.  When 
thus  united  it  is  probably  correct  to  treat 
the  system  as  a  simple  solution.  The 
excess  copper  or  zinc  may  then  be  con- 
sidered to  exert  its  own  independent  ef- 
I'ect  in  the  estimation  of  vapor  tensions. 
For  our  purposes  it  is  sufficient  to  con- 
sider brass  as  a  true  solution  in  all  eases 
and  to  ignore  the  heat  of  formation  of 
Cu :  Zn,  which  is  probably  not  great. 

Vapor  Tension  of  Brasses 

The  boiling  point  for  copper  is  about 
2350°  C.  (3),  as  compared  with  920°  to 
930°  C.  for  zinc.  If  cold  zinc  is  added 
to  molten  copper  it  will  quickly  be  heat- 
ed to  a  temjjerature  in  the  neighborhood 
of  its  boiling  point.  If  we  suppose  the 
copper  to  be  at  a  temperature  of  1150° 
C,  Johnston's  curves  show  it  to  have  a 
vapor  tension  of  only  0.002  mm.  The 
tendency  for  copper  oxides  to  form  from 
copper  vapor  at  this  temperature  is, 
therefore,  negligible  compared  with  the 
oxidation  of  the  zinc  vapor  which  would 
exert  practically  its  full  tension  of  760 
mm. 

AVhen  the  zinc  is  all  melted  and  mixed 
with  the  copper  —  and  this  occurs  rap- 
idly —  we  have  a  system  which,  like  alco- 
hol and  Avater,  boils  at  a  point  between 
the  boiling  temi^eratures  of  the  two  con- 
stituents, the  tension  of  the  mixture  be- 
ing the  sum  of  the  partial  tensions  of  the 
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two  metals.  Hansen  (8)  has  made  sev- 
eral vapor-tension  determinations  for 
various  brasses,  and  these  determina- 
tions, Avith  others,  have  been  brought  to- 
gether by  Gillett  (1,  p.  126).  In  a  curve 
shovm.  in  Figure  2,  Johnston  (9)  has 
used  these  data  for  plotting,  taking  as 
abscissae  the  percentages  of  zinc  in 
brass,  and  as  ordinates,  the  ratio  be- 
tween the  measured  or  calculated  pres- 


and  that  such  as  is  found  from  fume 
analyses  is  due  to  mechanical  entrain- 
ment  with  the  zinc.  This  seems  to  be  in 
accord  with  the  theoretical  evidence  of 
the  vapor-tension  data. 

If  we  consider  brass  to  contain  noth- 
ing but  copper  and  zinc,  Johnston's 
curves  explain  the  greater  evolution  of 
zinc  oxide  from  yellow  brass  with  high 
zinc    content    than    from    the    low    zinc 


Fig.  2. — Ratios  of  the  partial  pressure  of  zinc  in 
brasses  to  tlie  pressures  exerted  by  zinc  alone  (f>) . 

sure,  P,  of  the  brass  to  the  i)ressure,  P', 
which  the  zinc  alone  Avould  exert  at  the 
temperature  in  question.  With  this 
curve  and  his  own  vapor-tension  calcu- 
lations, Johnston  (7)  has  also  plotted 
the  approximate  vapor  tensions  of  zinc 
in  a  number  of  brasses,  the  curves  of 
which  are  reproduced  in  Figure  :'>.  If, 
to  these  vapor-tension  curves,  we  add 
that  of  copper,  it  will  be  seen  that  va- 
porization of,  this  metal  below  a  tem- 
perature of  1200°  C.  is  too  slight  to  be 
readable.  This  temperature  is  above 
that  normally  used  in  the  melting  and 
pouring  of  brass.  Gillett  (1,  p.  259) 
believes  that  there  is  little  or  no  copper 
in  brass  fumes  from  true  volatilization. 
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ias-.(s  If  it  is  desired  to  impoverish 
a  given  l)rass  with  respect  to  zinc,  it  is 
only  necessary  to  keep  the  temperature 
sufficiently  high  to  produce  a  requisite 
evolution  of  zinc-oxide  fumes. 

Manufacture  of  Brass 

In  the  manufacture  of  brass  in  gas- 
heated  furnaces  or  crucibles,  the  molten 
metal  is  covered  with  a  layer  of  charcoal 
or  coke,  to  which  a  little  sodium  chloride 
is  usually  added.  Gillett  (1,  p.  141) 
states  that  covers  for  the  crucibles  help 
to  keep  down  volatilization  of  the  zinc 
but  that  they  are  seldom  used.  AVhen  a 
crucible  is  removed  from  the  fire,  a  cer- 
tain amount  of  zinc  is  burned  to  the 
oxide  as  the  zinc  vapors  rise  from  the 
molten  mass.  When  tlic  charcoal  cover 
is  skimmed  off  or  a  ciiver  removed,  there 
is    a    UKire    rapid    evaporation    of    zinc 


DRINKER— THE  PROBLEM  OF  ZINC   TOXICITY 


183 


vapor  —  just  as  there  is  a  more  rapid 
evaporation  when  the  cover  is  taken  off 
a  pot  of  boiling  water.  The  zinc  vapor 
rises  and  is  burned  as  fast  as  it  comes 
into  contact  with  air.  The  oxide  formed 
is  of  extreme  fineness  and  readily  floats 
upward  by  virtue  of  the  convection  cur- 
rents caused  by  the  heat  from  tlie  cru- 
cible. 

If  the  brass  contains  cadmium,  this 
metal  will,  by  virtue  of  its  greater  vapor 
tension,  be  more  readily  volatilized  and 
burned  than  is  zinc.  At  the  expense  of 
a  considerable  amount  of  zinc,  brass  can 
be  impoverished  "with  respect  to  cad- 
mium simply  by  keeping  the  brass  at  a 
relatively  high  temperature.  Lead,  with 
a  lower  vapor  tension  than  zinc,  and  tin, 
with  a  tension  greater  even  than  copper, 
are  often  used  in  alloys  with  zinc  and 
copper.  Theoretically,  their  volatiliza- 
'tion  and  oxidation  follow  these  same 
general  principles,  and  the  composition 
of  the  oxide  fumes  from  molten  alloys 
containing  a  mixture  of  all  four  metals 
can  be  approximated  by  curves  made  as 
are  those  of  Johnston  for  simple 
brasses.* 

In  the  electric  furnace  these  same 
principles  apply.  Much  higher  temper- 
atures, particularly  in  arc  furnaces,  can 
be  reached,  and  volatilization  corre- 
spondingly increased.  For  this  reason 
careful  temperature  control  is  perhaps 
even  more  essential  than  in  gas-heated 
furnaces,  but  at  the  same  time  the 
manipulation  of  the  temperature  is  fa- 
cilitated. 

Composition  of  Brass  Fumes.  —  We 
are  concerned  only  with  fumes  at  tem- 
peratures at  which  they  can  enter  the 
nose  and  mouth  without  producing  in- 
jurj^  due  to  heat  alone.  To  breathe 
fumes  containing  unoxidized  zinc  vapors 
requires    their    inhalation    before    they 

*Bassett  (10)  claims  that  this  is  not  so  in  prac- 
tice and  that  both  cadmivtm  and  lead  are  more 
rapidly  volatilized  than  is  zinc. 


have  reached  the  air  and  been  burned  to 
the  oxide.  Obviously  this  is  not  to  be 
considered.  There  appears  no  evidence 
that  it  is  possible  to  breathe  fumes  con- 
taining unoxidized  metallic  zinc  of  suf- 
ficient fineness  to  float  upward  with  the 
air  currents.  Gillett  (1,  p.  259)  says, 
"It  is  unlikely  that  metallic  zinc  reached 
the  lungs  unoxidized",  and  this,  in  the 
writer's  opinion,  is  putting  the  matter 
conservatively. 

Analyses  of  brass  fumes  show  the 
presence  of  the  several  metals  entering 
into  commercial  brasses  in  quantities 
and  types  of  compounds,  such  as  chlor- 
ides and  sulphates,  which  can  only  be 
explained  independently  of  vapor-ten- 
sion calculations.  Sodium-chloride  cov- 
ers probably  increase  the  volatility  of 
copper,  for  example,  l)y  forming  copper 
chlorides.  With  none  of  these  are  we 
concerned,  however,  since  it  has  been 
clearly  proved  that  the  ague  can  be  pro- 
duced by  the  inhalation  of  zinc  oxide 
alone,  and  only  under  very  definite  avid 
sharply  limited  conditions. 

Volatility  of  Zinc  Oxide.  —  It  has  been 
claimed  by  Kowalke  (11)  that  zinc  oxide 
is  appreciably  volatile  at  1240°  C.  and 
can  be  completely  volatilized  at  1300"  C. 
Since  we  are  not  dealing  with  air  even 
remotely  approaching  these  tempera- 
tures, it  is  improbable  that  Kowalke 's 
work  has  any  bearing  on  the  ague. 

A  Review  of  the  Literatube   on   the 
Toxicity  of  Zinc  Oxide 

Introductory. — In  a  critical  study  of 
the  medical  literature  on  zinc  oxide,  con- 
sidered in  the  light  of  our  modern 
knowledge  of  the  role  and  importance  of 
the  physical  aspects  of  particle  fineness, 
a  number  of  striking  discrepancies  are 
apparent.  Numerous  clinical  and  exper- 
imental studies  on  the  ingestion  of  zinc 
oxide   have   proceeded   almost    side   by 
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side  with  studies  of  the  systemic  effects 
from  the  inhalation  of  freshly  burned 
zinc  vapor.  Reference  will  be  found — ■ 
indeed,  in  the  earliest  reliable  reports 
on  the  ague  —  to  the  fineness  of  the  par- 
ticles. In  one  report,  which  Avill  be  dis- 
cussed later,  it  was  noticed  that,  when 
ingested,  zinc  oxide  prodi;ced  by  the  wet 
method  and  that  produced  by  the  dry 
method  differed  in  their  physiological 
effect.  That  the  microscope  might  throw 
some  light  on  the  cause  of  the  discrepan- 
cies between  the  results  produced  by 
the  inhalation  of  freshly  burned  zinc 
oxide  and  those  produced  liy  the  inges- 
tion of  ordinary  oxide  as  taken  from  a 
bottle,  seems  to  have  been  utterly 
ignored  by  even  the  most  recent  inves- 
tigators. 

Reports  on  the  occurrence  of  the  ague 
in  the  smelting  and  refining  of  zinc  ores 
containing  lead,  arsenic,  etc.,  are  lim- 
ited. Rather  generally  these  reports 
contain  statements  upon  the  probable 
effects  of  lead  or  other  impurities,  and 
intimate  that  the  impurities  are  of  more 
importance  than  the  zinc.  Occasionally 
there  have  appeared  evidences  of  the 
systemic  effects  resulting  from  the  in- 
halation of  brass  and  other  metallic 
dusts  having  been  confused  with  the 
ag-ue.  Although  such  reports  are  the 
exception,  they  cannot  be  ignored. 

The  medical  literature  on  zinc  oxide 
may  be  conveniently  grouped  in  five  dis- 
tinct classes,  under  which  it  will  be 
treated  in  this  report: 

1.  Accounts  prior  to  1845. 

2.  Systemic  effects  from  zinc  oxide 
whether  given  internally  or  used  exter- 
nally. 

3.  Systemic  effects  from  tlie  inhala- 
tion of  freshly  burned  zinc  oxide. 

4.  General  hygienic  effects  in  the 
smelting  of  zinciferous  ores. 

5.  Systemic  effects  from  the  inhala- 
tion of  powdered  brass. 


Groups  2  and  3  are  the  most  impor- 
tant, but  for  the  sake  of  their  chronology 
the  classes  may  best  be  treated  in  the 
order  given. 

Accounts  Prior  to  1S45.  —  There  is 
abundant  historical  evidence  of  the  skill 
of  the  ancients  in  gilding  and  in  the  man- 
ufacture and  worldng  of  bronze,  brass, 
and  other  alloys.  Reliable  metallurgi- 
cal accounts,  however,  are  lacking.  In 
their  recent  translation  of  Agricola's 
"De  Re  Metallica"  (1546),  Mr.  and 
Mrs.  Hoover  (12,  p.  354)  state  that  brass 
was  made  prior  to  the  Christian  era. 
On  zinc  oxide  they  quote  Dioscorides 
(12,  p.  215)  (13),  who  described  the 
manufacture  and  recovery  of  pompliolyx 
(zinc  oxide)  and  stated  that  it  appeared 
at  first  like  "bubbles  of  water,  after- 
ward increasing  in  size,  it  looks  like 
skeins  of  wool,"  lana  philosophica 
(philosophers '  wool ) . 

Fourcroy's  (14)  French  edition  of 
Ramazzini's  classic  (1700)  on  industrial 
hygiene  contains  accounts  of  lead  colic, 
and  mentions  the  fumes  from  gilding  in 
boiling  off  the  mercury  in  the  amalgams, 
but  it  gives  nothing  definite  on  brass 
fumes. 

According  to  Tanquerel  des  Planches 
(15),  Guy  ton  de  Morveau  (16),  in  1781, 
was  the  first  to  advocate  the  use  of  zinc 
white  in  place  of  lead  white  for  the  man- 
ufacture of  paint.  After  this  date,  there- 
fore, we  should  expect  to  find  accounts 
of  the  manufacture  of  zinc  oxide  and  the 
occurrence  of  the  ague  in  this  industry. 

Patissier  (17),  in  1822,  described  the 
old  process  of  amalgam  gilding  and 
stated  that  "the  oxidized  vajiors  of  cop- 
per and  zinc"  produce  "colic  often  ac- 
companied by  de  douleurs  terrihlcs." 
Thackrah  (18),  in  1831,  mentioned 
symptoms  about  like  those  of  the  ague 
and  caused  by  the  inhalation  of  freshly 
burned  oxide.  For  this  reason  he  is 
ri-ei|ucn(ly  said  to  l)e  the  first  to  have 
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recoguized  the  condition  as  an  entity. 

"Werneclv  (19),  in  1831,  appears  to 
have  been  the  tirst  to  describe  systemic 
effects  from  internal  doses  of  zinc  oxide. 
Busse  (20),  in  1837,  is  cited  by  Michaelis 
(21)  as  having  made  a  futile  attempt  to 
cure  an  epileptic  with  zinc  oxide.  It 
was  not  until  many  years  later  that  this 
treatment  was  abandoned. 

Systemic  Effects  from  Zinc  Oxide 
Given  Internally  and  Used  Externally. 
—  In  1847,  Heller  (22)  published  an  ac- 
count of  the  internal  administration  of 
measured  doses  (20,  60,  and  120  grains 
per  day)  of  zinc  oxide  suspended  in 
sugar  solution.  Heller  seems  to  have 
observed  no  systemic  effects,  and  con- 
cluded that  not  only  was  the  oxide  phys- 
iologically inert  and,  therefore,  useless 
as  a  medicine,  but  that  it  was  quanti- 
-tatively  recovered  in  the  feces  as  the 
oxide,  and  that  none  appeared  in  the 
urine. 

Schlossberger  (23),  in  the  next  year, 
took  exception  to  Heller's  results  and 
analytical  methods,  and  particularly  to 
his  statements  on  the  inertness  of  zinc 
oxide.  Schlossberger  showed  that  the 
oxide  was  appreciably  soluble  in  weak 
acids,  such  as  lactic  and  acetic  acids,  and 
in  ammonium  chloride  solutions;  and 
that  it  could  be  digested  or  dissolved  by 
such  media  as  pepsin  hydrochloride.  He 
also  mentioned  the  insolubility  of  albu- 
minate of  zinc. 

Bouvier  (24),  in  1850,  reported  a  case 
of  so-called  colique  de  zinc  in  a  patient, 
42  years  of  age,  engaged  in  pacldng  and 
handling  zinc  oxide.  Wliile  the  symp- 
toms were  rather  more  violent  than 
those  ordinarily  reported,  they  showed 
the  expected  systemic  reaction  occurring 
on  the  ingestion  of  zinc  oxide.  No  lead 
or  arsenic  was  detected  in  the  dust  from 
the  patient's  body  and  clothes ^ — noth- 
ing but  zinc  oxide. 

These  reports  appeared  at  about  the 


time  that  the  mam;facture  of  zinc  oxide 
in  Europe  was  receiving  much  impetus 
through  its  successful  use  as  a  substi- 
tute for  white  lead  in  paint.  Lead  colic 
was  well  known  —  so  well  kno\ra,  in- 
deed, that  reports  on  the  effects  of  zinc 
oxide  may  have  received  unconscious 
color  owing  to  the  contagious  influence 
of  the  numerous  reports  on  lead  poison- 
ing. A  report  by  Flandin  (25),  in  1850, 
is  quite  typical  of  this  period.  He  made 
up  pastes  of  zinc  oxide  and  lead  sulphate 
and  applied  them  to  the  shaved  hides  of 
dogs.  Apparently  no  precautions  were 
taken  to  prevent  the  dogs  from  licking 
themselves  and  thus  swallowing  the 
pastes.  The  dogs  rubbed  mth  the  lead 
pastes  died  shortly,  while  those  treated 
with  zinc  oxide  showed  no  ill  effects. 
Flandin,  therefore,  concluded  that  the 
oxide  was  hai'mless  externally,  and  that 
its  use  as  a  white  lead  substitute  was 
fully  warranted  on  the  basis  of  the  re- 
spective toxicities  of  the  two  substances. 

Landouzy  and  Maimiene  (26),  in  the 
same  year,  described  systemic  effects 
from  zinc  oxide  dust  in  seven  men  han- 
dling galvanized  iron  wires  which  had 
become  coated  Avith  a  film  of  oxide.  When 
clean  mres  were  used  no  further  effects 
were  noticed.  No  analyses  of  urine  or 
feces  are  recorded. 

Michaelis  (21),  in  1851,  was  the  first 
to  report  an  analytical  technic  for  the 
determination  of  zinc  in  tissues,  and  on 
this  technic  he  based  the  value  of  his 
results  and  conclusions.  He  differenti- 
ated lietween  zinc  oxide  prepared  by 
burning  zinc  and  that  prepared  by  ignit- 
ing the  hydroxide,  but  gave  rather  mea- 
ger substantiation  of  the  alleged  differ- 
ence. Moderate  doses  of  oxide  were 
given  to  the  rabbit,  cat,  dog,  and  horse, 
and  analyses  of  urine  and  feces  were 
made,  followed  by  postmortem  examina- 
tions. Following  his  investigations  on 
animals   Michaelis   took   mild   doses   of 
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oxide  himself,  and  described  the  result!!--. 
The  systemic  effects  were  carefully 
noted,  and  may  be  summarized  in  his 
conclusions  that  the  oxide  was  harmless 
in  small  doses,  that  large  doses  pro- 
duced pronounced  and  definite  effects 
due  to  the  solubility  of  the  oxide  in  the 
weak  acids  of  the  stomach,  and  that  the 
compound  formed  was  governed  by  this 
acid  content.  Hydrochloric  and  lactic 
acids  were  suggested  as  being  the  chief 
agents  in  producing  solutions  of  the 
oxide.  Diet  was  claimed  to  be  the  gov- 
erning factor  in  controlling  the  com- 
pound formed.  Finally,  he  concluded 
that  if  zinc  oxide  was  of  use  internally, 
which  he  did  not  claim  was  the  case,  it 
should  be  administered  as  the  lactate, 
acetate,  or  some  other  comparatively 
inert  salt,  and  should  not  be  used  as  the 
oxide,  in  wdiich  form  it  can  too  readily 
be  converted  into  the  chloride.  If  the 
oxide  was  used  externally,  he  believed 
that  acidity  could  play  an  important 
role  in  rendering  it  toxic. 

Tardieu  (27),  in  1852,  described  the 
manufacture  of  zinc  oxide  and,  from  the 
hygienic  point  of  view,  gave  it  a  clean 
bill  of  health.  Bouchut's  (28)  account 
was  similar  in  this  respect  but  he  re- 
ported instances  of  the  ague  among  men 
engaged  in  roasting  zinc  ores  for  mak- 
ing the  oxide.  Its  occurrence,  he  said, 
was  limited  to  those  actually  in  the  im- 
mediate vicinity  of  the  furnaces,  and  the 
resiUting  malady  was  so  tri\'ial  that  it 
did  not  incapacitate  the  men  the  next 
day.  Because  zinc  oxide  was  used  in- 
ternally as  a  medicine  he  believed  that 
it  could  result  in  no  harmful  effects  if 
breathed  or  ingested.  Marcet's  (29)  re- 
port, in  1855,  should  be  considered  as 
one  of  this  group  because  he  too  be- 
lieved that  zinc  oxide  was  beneficial  as 
an  internal  medicine  and  as  such  was 
effective  in  cases  of  nervous  disorders 
and  epil('])sy.    He  advocated  doses  of  30 


grains  daily  and  cl&imed  that  there 
were  no  ill  effects  except  "slight  sick- 
ness" and  "constipjition. "  This  may 
be  considered  as  quite  typical  of  the  gen- 
eral view  then  prevailing  on  the  medical 
use  of  zinc  oxide. 

Of  the  systemic  eft'ects  of  large  doses 
there  are  several  examples.  Spillmann 
(30)  reported  an  instance  of  a  patient's 
taking  as  much  as  10  gm.  in  water.  The 
effects  were  naturally  violent  but  seem- 
ingly not  fatal.  D'Amore,  Falcone,  and 
Maramaldi  (31)  gave  large  doses  of 
zinc  oxide  to  dogs  and  furnished  post- 
mortem studies  which  showed  a  pro- 
nounced and  ^dgorous  effect  on  all  the 
organs  examined.  Not  only  Avere  the 
doses  administered  excessive,  but  they 
were  unaccompanied  by  any  sort  of 
check  on  the  diet.  Instead  of  grading 
the  doses  by  some  method  consistent 
with  the  animal's  body  weight,  as  was 
done  by  Michaelis,  they  gave  as  much 
as  1  gm.  per  day  at  the  start  and  then 
diminished  the  quantity  to  0.1  gm.  after 
a  few  doses  of  the  larger  amount. 

Sacher  (13),  in  1893,  presented  an  ex- 
tensive report  on  the  action  of  zinc 
salts.  He  concluded  that  both  the  oxide 
and  the  carbonate  were  inert  in  small 
doses  but  that  they  exercised  notable 
systemic  effects  in  large  doses.  Leli- 
mann's  (32)  investigations  with  zinc 
carbonate  resulted  in  his  concluding 
that  it  was  comparatively  inert.  This 
salt  is  perhaps  sufficiently  like  the  oxide 
in  its  general  solubility  characteristics 
and  inertness  to  justify  their  compari- 
son on  the  basis  of  their  physiological 
action.  In  making  this  comparison, 
however,  the  carbonate  should  be  con- 
sidered on  the  basis  of  the  chemically 
equivalent  amount  of  oxide.  Convert- 
ing Lehmann's  figures  of  an  average 
dose  to  the  dog  of  44  mg.  of  oxide  per 
day  per  kilo  body  weight  into  the  chem- 
ically equi^■al('nt  amount  of  oxide  gives 
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a  figure  of  28.5  mg.  per  day."'  On  this 
basis  Lelimauu's  doses  were  less  than 
the  excessive  doses  of  d'Amore  and  his 
co-workers,  and  about  like  those  of 
Michaelis.  The  fact  that  the  effects 
wliich  he  produced  appeared  negligible 
is  probably  thus  accounted  for  and  this 
finding  does  not  conflict  with  the  find- 
ings of  Michaelis  noted  forty-six  years 
previously.  Stepp  (33),  in  1917,  re- 
ported a  case  which,  if  there  are  no  other 
factors  entering  in,  is  unique.  To  a 
patient  suffering  from  eczema  he  pre- 
scribed the  use  of  zinc  oxide  salve. 
Over  a  period  of  eighteen  days  250 
gm.  were  applied.  Then  the  patient 
returned  to  the  clinic,  complaining  of 
headache  and  difficulty  in  breathing. 
He  showed  a  high  pulse  rate  and  had 
zinc  in  his  urine.  After  twelve  days  in 
bed  his  condition  was  ag^in  normal. 
Stepp  apparently  did  not  consider  the 
possibility  of  the  patient's  getting  the 
oxide  into  his  mouth  through  the  agency 
of  his  hands,  as  is  the  ordinary  course 
of  events  in  the  handling  of  white  lead, 
and  offered  no  explanation  of  the  effects 
which  undoubtedly  seem  to  have  been 
due  to  zinc  oxide.  This,  however,  is  but 
a  single  instance  and,  so  far  as  the 
writer  is  aware,  the  only  one  of  its  kind 
cited  in  the  literature. 

Bigelow  (34),  Salant,  Rieger,  and 
Treuthardt  (35)  have  investigated  the 
distribution  and  elimination  of  zinc 
salts.  While  their  work  has  perhaps 
an  indirect  bearing  only  on  the  subject 
matter  of  this  paper,  it  is  of  interest  to 
note  their  conclusion  that  the  bulk  of  the 
zinc  is  eliminated  in  the  feces,  traces 
only  being  found  in  the  urine. 

Turner  (36)  has  reported  what  he 
styles  as  "occupational  dermatoconi- 
osis"  produced  from  frictional  skin  in- 
fection with  zinc  oxide.  From  his  own 
statements  it  appears  that    the    infec- 

'One  gm.  of  zinc  carbonate  is  chemically  equiv- 
alent to  0.649  gm.  of  zinc  oxide. 


tions,  which  were  of  a  mild  and  unim- 
portant type,  were  such  as  could  be  pro- 
duced by  excessive  rubbing  with  almost 
any  fine,  dry  inert  powder.  Zinc  oxide 
and  "its  impurities"  are  considered  as 
non-poisonous  by  Turner.  His  article, 
therefore,  has  no  bearing  on  the  toxicity 
of  zinc  oxide  and  is  of  no  importance  in 
this  connection. 

Systemic  Effects  from  Inhalation  of 
Freshly  Burned  Zinc  Oxide. — The  cases 
of  the  so-called  ague,  which  have  been 
reported  in  the  literature,  may  be 
grouped  under  this  class.  Since  zinc 
oxide  produces  its  most  pronounced 
toxic  effect  when  inhaled  in  the  freshly 
burned  state,  this  group  is  the  most  im- 
portant. There  are  a  great  many  re- 
joorts  of  the  occurrence  of  the  ague.  In 
spite  of  its  general  prevalence  it  was 
many  years  before  the  cause  was  posi- 
tively identified.  Many  theories  were 
advanced  and,  because  zinc  oxide  was 
used  as  an  internal  medicine  until  a 
comparatively  recent  date,  early  in- 
vestigators were  loath  to  believe  that  it 
could  be  the  cause  of  any  systemic  dis- 
orders. Since  the  ague  was  noted 
mainly  in  the  brass  industries,  it  was 
natural  that  copper  should  be  fre- 
quently implicated  as  guilty  in  part,  at 
least,  of  causing  the  malady  to  which 
men  in  jDoorly  ventilated  brass  foun- 
dries Avere  subject. 

Beginning  in  1845  there  appeared  a 
series  of  reports  for  the  most  part 
much  alike  and  in  general  quite  accu- 
rate. Blandet  (37)  furnished  a  good 
description  of  the  method  in  which  zinc 
oxide  is  produced  in  pouring  brass, 
noted  its  fineness,  pointed  out  that  the 
ague  was  too  well  understood  by  the 
operatives  to  warrant  their  calling  in 
medical  assistance,  and  described  the 
symptoms  and  course  of  the  malady 
about  as  it  is  described  in  accounts  ap- 
pearing in  recent  times.     Guerard  (38) 
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discoiintenauced  Blandet's  hypotheses 
and  rather  naively  attributed  the  causes 
to  the  driuldng  of  too  many  lukewarm 
aqueous  beverages.  Then  followed  in 
rapid  succession  a  series  of  reports 
Avhich,  in  the  main,  agreed  with  Blandet. 
All  advocated  better  ventilation  as  the 
surest  remedy.  One  suggested  that  per- 
haps copper  together  with  the  zinc  was 
the  cause ;  another  showed  that  lead  was 
in  the  brass  being  cast.  The  authors 
included  in  this  series  were:  Levy  (39) 
in  1845;  Reboulleau  (40)  in  1847;  Gard- 
ner (41)  in  1848,  who  gave  the  first  re- 
port in  the  United  States;  Chevallier 
and  Boys  de  Loury  (42)  in  1850;  Green- 
how  (43)  in  1862;  and  Schnitzer  (44), 
Avho  presented  the  first  German  account. 
Because  he  was  more  emphatic,  or  per- 
haps because  he  wrote  in  English, 
GreenhoAv  is  the  most  frequently  cited 
of  this  group. 

In  the  original  edition  of  his  book  in 
1871  and  in  two  subsequent  editions, 
Hirt  (45)  suggested  that  copper  and 
zinc  together  Avere  responsible  for  the 
ague,  and  that  the  fact  that  the  malady 
Avas  not  encountered  in  the  ordinary 
metallurgy  of  zinc  AA'as  proof  of  tliis 
hypothesis. 

Popoff  (46),  in  1873,  reported  an  un- 
usual case.  His  patient  was  moA'ed 
from  other  Avork  to  casting  bronze  and 
brass.  Soon  he  became  subject  to  at- 
tacks much  resembling  the  ague,  and 
after  se\'eral  Aveeks  reported  at  Popoff 's 
clinic.  Together  AA^th  other  lesser  dis- 
orders the  patient  had  a  pronounced 
internal  tumor  Avliich  may  have  caused 
him  to  describe  his  feelings  in  stronger 
terms  than  Avould  haA'c  been  used  ])y  a 
normal  healthy  indiA'idual.  The  inter- 
esting point  is  that  Popoff  found  zinc  in 
the  man's  urine  a  month  and  a  half 
after  he  had  been  aAvay  from  the  foun- 
dry. Unfortunately,  no  control  of  diet 
Avas  exercised. 


Beginning  in  1875  another  distinct 
group  of  articles  appeared,  the  authors 
of  which  cited  from  the  existing  litera- 
ture but  added  nothing  new:  Layet 
(47)  in  1875,  Eulenberg  (48)  in  1876, 
Buck  (49)  in  1879,  Lloyd  (50)  in  1880, 
and  Poincare  (51)  in  1886. 

A  good  account  of  the  ague  was  pub- 
lished by  Simon  (52),  in  1888,  and  has 
been  cited  frequently  by  later  writers. 
He  believed  that  the  malady  was  in  no 
way  chronic,  that  an  immunity  could  be 
developed,  and  that  both  copper  and 
zinc  Avere  responsible.  Following  Si- 
mon's article  se\'eral  more  or  less  con- 
A-entional  and  unimportant  reports  were 
published  by  various  authors :  namely, 
ArUdge  (53)  in  1892,  Czajkowski  (54)  in 
1893,  Heinzerling  (55)  in  1894,  Maher 
(56)  and  Oppenheimer  (57)  in  1895,  Vil- 
laret  (58)  in  1896,  and  Sommerfeld  (59) 
in  1898. 

Hohmann  (60),  Avorking  Avith  Leh- 
mann,  endeaA-ored  to  produce  the  agnie 
in  animals  by  subjecting  them  to  the 
fumes  of  freshly  burned  zinc  oxide  from 
both  brass  and  zinc.  While  the  pro- 
cedure was  a  distinct  step  in  the  right 
direction  their  iuA-estigations  did  not 
bring  forth  their  best  results  until  a  f cav 
years  later.  A  copy  of  their  question- 
naire to  brass  founders  is  included  in 
Holunann's  paper. 

After  Hohmann 's  report  tAvo  unim- 
portant contributions  by  Moyer  and 
LaA'in  (61)  and  Sicard  (62)  appeared. 
Sigel  (63)  published  an  extensive  re- 
port in  1906,  in  Avhich  he  agreed  Avith 
Lehmann's  and  Hohmann 's  conclusions 
that  zinc  Avas  the  cause  of  the  ague.  On 
its  permanent  effects  he  cited  Popoff 
(46)  Avho,  as  has  already  been  brought 
out,  gave  a  report  on  a  brass  founder 
afflicted  Avith  far  more  serious  ills  than 
the  ague.  Sigel  stood  beside  the  molds 
wliile  castings  Avere  poured,  caught  the 
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ague,  and  described  its  progress  in 
himself. 

Lehmann  (64),  in  1906,  showed  that 
the  agiie  could  be  produced  from  the 
burning  of  zinc  alone.  He  and  four 
others,  one  of  Avhom  was  a  caster  who 
was  said  to  be  unusually  susceptible,  re- 
mained in  a  room  where  Merck's  chem- 
ically pure  zinc  was  vaporized  and 
burned.  Analysis  of  the  room  air 
showed  the  presence  of  0.1  to  0.4  mg.  of 
zinc  oxide  per  liter.  No  zinc  vapor  or 
zinc  peroxide  was  found.  In  this  article 
Lehjnann  states  that  he  can  offer  no  ex- 
planation of  the  mechanism  by  which 
zinc  oxide  does  harm,  but  suggests  the 
possibility  of  the  destructive  action  of 
the  tine  oxide  on  the  epithelial  cells  of 
the  respiratory  passages.  In  this  con- 
nection he  has  pointed  out  his  repeated 
failures  to  produce  analogous  effects  by 
the  tracheal  injection  of  zinc  oxide. 
Lehmann 's  experiments  have  since 
received  such  wide  recognition  that 
they  may  be  considered  as  gener- 
ally accepted.  In  apparent  ignorance 
of  Lehmann's  work.  Perry  (65),  in  1907, 
claimed  that  no  effects  resulted  from  in- 
haling freshly  burned  zinc  oxide,  as  he 
had  done  it  frequently  without  suffering 
any  harm.  It  was  his  opinion,  there- 
fore, that  zinc  oxide  could  not  be  the 
cause  of  the  ague.  He  rather  believed 
that  the  small  amount  of  arsenic  con- 
tained in  coiTunercial  spelter  was  the 
cause. 

Graeve  (66),  in  1907,  described  two 
cases  in  which  the  symptoms  were  so 
violent  that  he  hesitated  in  placing  the 
blame  on  zinc,  and  was  of  the  opinion 
that  further  confirmation,  which  is  no- 
where furnished,  was  needed  to  settle 
the  matter.  Weyl  (67)  reviewed  the  ex- 
isting opinions  and  gave  examples  of 
the  prevalence  of  the  ague  in  poorly 
ventilated  shops  which  he  compared  on 
the  basis  of  the  heights  of  the  ceilings, 


this  giving  a  rough  index  of  the  ade- 
quacy of  the  ventilation.  Roth's  (68) 
account  is  quite  in  keeping  with  litera- 
ture of  that  period  and  contains  no  new 
information. 

In  1910,  Lehmann  (69)  described 
more  "fully  his  earlier  experiments  (64) 
in  which  he  showed  that  the  ague  could 
be  produced  by  burning  pure  zinc. 

Arnstein  (70)  has  furnished  a  series 
of  clinical  reports  on  the  effects  experi- 
enced by  himself  and  his  assistants  as 
a  result  of  their  having  stood  near  the 
molds  when  brass,  with  zinc  content  of 
about  25  per  cent.,  was  being  cast.  He 
determined  the  zinc-oxide  content  in  the 
air  inhaled  as  0.23  mg.  per  liter,  which 
is  a  close  approximation  to  Lehmann's 
(64)  earlier  figure  of  0.1  to  0.4  mg.  per 
liter.  Arnstein  found  traces  of  zinc  in 
the  urine  and  appreciable  amounts  in 
the  feces. 

Kisskalt  (71)  claims  that  a  more 
marked  similarity  exists  between  the 
effects  produced  by  the  inhalation  of 
various  heavy  metal  vapors  than  be- 
tween those  produced  by  introducing 
these  same  metals  into  the  system  by 
other  means.  Subcutaneous  injections 
of  zinc  salts  are  said  to  cause  a  rise  in 
body  temperature  experimentally  dem- 
onstrable in  animals.  On  this  basis  an 
analogy  is  dra-svn  between  the  systemic 
effects  of  zinc,  mercury,  and  copper. 

Since  the  early  experiments  of  Mich- 
aelis  (21),  von  Jaksch's  (72)  rather  ex- 
tensive investigation  is  the  first  in 
which  there  is  an  attempt  to  explain  the 
difference  between  the  effects  of  ingest- 
ing ordinary  zinc  oxide  and  inhaling 
freshly  burned  oxide.  He  believes,  like 
Michaelis,  that  the  oxide  is  so  insoluble 
that  it  must  be  converted  into  the  chlo- 
ride or  lactate  before  it  makes  its  action 
felt.  Furthermore,  he  attempts  to 
classify  doses  according  to  size  and  to 
the  effects  produced. 
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Bargeron  (73)  and  Rambousek  (7-i) 
gave  the  usual  accounts  of  the  ague, 
Pfender  (75)  mentioned  its  occurrence 
in  oxyacetylene  brazing,  and  Thompson 
(76)  differentiated  between  the  effects 
of  inhaling  metallic  dusts  and  the 
effects  of  inhaling  fresh  zinc  oxide 
fumes.  Thomjison's  article  contains 
some  rather  unfortunate  misstatements 
on  the  volatility  of  copper,  copper  ox- 
ide, and  zinc  oxide. 

Hayhurst  (77)  has  written  extensive- 
ly on  the  ague.  From  the  medical  point 
of  view  his  accounts  are  admirable  and 
show  evidence  of  much  study  and  per- 
sonal investigation  into  the  general 
hygienic  conditions  prevailing  in  brass 
foundries.  From  the  metallurgical  and 
chemical  side  there  are  many  inaccura- 
cies. The  hypothesis  of  zinc  carbonyl 
as  the  cause  of  the  ague  has  already 
been  sho^vn  by  Gillett  (1,  p.  259)  to  be 
totally  untenable.  Hayhurst 's  compari- 
son or  analogy  between  zinc  oxide  and 
zinc  chloride  on  the  basis  of  their  hygro- 
seopicities  is  entirely  out  of  keeping 
with  the  well-known  and  totally  differ- 
ent solubility  characteristics  of  the  two 
compounds.  What  he  says  of  the  sear- 
ing action  of  zinc  oxide  would  apply 
equally  well  to  any  other  dry  inert  pow- 
der. 

Oliver  (78),  in  his  "Diseases  of  Oc- 
cupation" (1916),  maintains  his  hypo- 
thesis of  1902  that  zinc  and  copper  to- 
gether are  responsible  for  the  ague. 
Riesman  and  Boles  (79)  quote  from 
Oliver  in  giving  a  review  of  the  purely 
medical  and  hygienic  aspects  of  the 
ague.  Like  Oliver  they  maintain  tliat 
it  can  be  etfectively  prevented  by  ade- 
quate ventilation. 

Lehmann's  (80)  recent  book  contains 
a  well-summarized  account  of  his  previ- 
ous investigations  and  a  clear  exposi- 
tion of  his  theory  of  the  action  of  zinc 


oxide  (Ui  the  epithelial  cells  and  bacteria 
of  the  respiratory  passages. 

Rost  (81)  discusses  the  general  dis- 
tribution of  zinc  in  plant  and  animal  life 
and  points  out  the  necessity  of  diet  con- 
trols in  considering  the  zinc  content  of 
urine  and  feces  in  men  or  animals  living 
on  normal  mixed  diet.  In  experiments 
with  animals  Eost  (82)  later  shows  that 
zinc  oxide  can  be  taken  up  in  the  lungs 
and  idtimately  excreted  in  the  ux'ine. 
Three  dogs  and  two  rabbits  were  placed 
together  over  the  same  mold  in  a  brass 
foundry  so  that  all  inhaled  air  of  about 
the  same  zinc-oxide  content.  One  dog- 
had  been  tracheotomized  so  that  he 
could  take  in  zinc  oxide  by  the  stomach 
alone ;  another  had  his  esophagus  closed 
off  so  that  the  zinc  oxide  could  enter  the 
lungs  only.  They  showed  fairly  com- 
parable systemic  effects  as  to  tempera- 
ture, and  both  showed  zinc  in  the  urine 
with  larger  amounts,  of  course,  in  the 
feces.  In  themselves,  Rost  and  his 
assistant  had  no  difficulty  in  producing 
the  ague,  which  they  describe  in  the 
usual  terms.  Zinc  was  found  in  their 
urine  for  several  days  after  exposure  to 
the  fumes. 

General  Hi/gieiiic  Effects  in  S)H('Ifi)i(j 
of  Zinciferous  Ores. — Wliile  of  interest 
from  the  point  of  \'iew  of  general  hy- 
giene in  ore  smelting  and  metallurgical 
operations,  reports  in  the  literature 
coming  under  this  classification  are  of 
little  importance  in  considering  the  tox- 
icity of  zinc  oxide.  It  is  obvious  that  if 
we  are  dealing  with  the  systemic 
effects  of  zinc  (ixide,  the  presence  of 
metals  otlior  tlian  zinc,  unless  in  very 
definitely  known  amounts  and  under 
conditions  tlioroughly  understood,  ren- 
dei-s  tlie  imi)]ication  of  zinc  as  the  cause 
of  possible  poisonings  a  matter  of  ex- 
treme doubt.  For  this  reason  too  nuich 
weight  should  not  be  given  to  reports  of 
general  smelting  and  refining  of  zinc. 
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In  1879  an  article  appeared  by  Schloc- 
kow  (83),  in  which  he  rather  incrimin- 
ated zinc  for  certain  ill  effects  noted 
among  metallurgical  workers.  Tracin- 
ski's  (84)  account,  in  1888,  has  in  real- 
ity little  to  do  with  zinc,  although  it  is 
frequently  cited.  Seiffert  (85),  Wutz- 
dorff  (86),  and  Frey  (87)  have  all  writ- 
ten on  this  general  subject.  The  subject 
matter  of  their  articles  is  really  irrele- 
vant to  that  under  discussion  and  their 
papers  are  mentioned  only  because  they 
are  so  frequently  cited  in  the  literature 
on  zinc  and  the  ague. 

Systonic  Effects  frotti  Inhalation  of 
Poivdered  Brass. — In  the  early  accounts 
of  the  ague  references  are  sometimes 
made  to  systemic  effects  from  the  in- 
halation of  brass  powder,  such  as  re- 
sults from  grinding  and  buffing  of  ln"ass 
objects.  Some  writers  have  distin- 
guished the  ague  by  its  lack  of  period- 
icity, the  so-called  brass  poisoning  being 
said  to  exhibit  a  type  of  periodicity  as 
its  outstanding  feature.  Regardless  of 
the  accuracy  of  either  statement,  effects 
from  the  inhalation  of  powdered  brass 
and  like  co^Dper  or  zinc  alloys,  whether 
serious  or  trivial,  chronic  or  irregular, 
are  not  effects  from  zinc  oxide  and 
should  not  be  confused  with  brass  found- 
ers'  ague.  A  typical  report  is  that 
pu))lished  by  Hogben  (88)  in  1887.  He 
defends  the  action  of  zinc  oxide  on  the 
groimds  that  it  has  proved  beneficial  to 
patients,  and  believes  that  the  "copper 
green  line"  exhibited  by  his  patients, 
who  were  employed  in  brass-finishing 
work,  was  sufficient  evidence  that  cop- 
per was  to  blame.  Later  reports  by 
Murray  (89)  and  Pietrowicz  (90)  are 
much  like  that  of  Hogben.  These  re- 
ports are  mentioned  only  because  the 
systemic  effects  Avhich  they  describe 
have  quite  frequently  been  confused 
with  the  ague. 


C0MPARIS0^f   BETWEEN    SySTEMIC   EfFECTS 

OF  Peeshly  Burxed  Zixc  Oxide 

AND  OF  Normal  Zinc  Oxide 

Powder 

From  the  physico-chemical  and  metal- 
lurgical standpoints  there  is  no  evidence 
whatever  that  the  substance  produced 
by  burning  vaporized  zinc  is  anything 
l)ut  zinc  oxide.  Attempts  to  show  the 
presence  of  any  other  zinc  compounds 
resulting  from  this  oxidation  have  given 
negative  results. 

That  there  is  a  very  definite  physio- 
logical difference  in  the  effects  pro- 
duced by  inhaling  fumes  of  freshly 
burned  zinc  oxide  and  those  produced 
by  normal  zinc  oxide  powder  is  shoAni 
by  the  numerous  reports  on  the  ague 
and  the  comparatively  rare  instances  of 
systemic  disturbances  among  men  hand- 
ling the  powder.  The  recorded  at- 
tempts to  produce  the  ague  artificially 
by  the  injection  or  ingestion  of  oxide 
powder  have  invariably  given  negative 
results.  Well-defined  systemic  effects 
from  swallowing  oxide  have  been  re- 
peatedly produced  and  show  that  the 
magnitude  of  the  effects  vary  in  propor- 
tion to  the  amount  of  oxide  taken  into 
the  system — small  doses  gave  negligible 
results  and  large  doses  produced  gastro- 
intestinal disorders  and  nephritis.  In 
no  instances  are  there  recorded  evi- 
dences of  chills  or  fever.  Inhalation  of 
freshly  burned  oxide,  no  matter  how 
produced,  has  invariably  given  rise  to 
the  ague  and  the  characteristic  symp- 
toms with  chills  and  fever.  In  both 
cases  zinc  is  found  in  the  urine  and 
feces. 

Comparison  of  doses  of  freshly 
burned  oxide  inhaled  with  doses  of  nor- 
mal oxide  powder  ingested,  on  a  weight 
basis,  shows  that  doses  of  the  powder 
have  been  given  Avhich  are  many  times 
greater  than  the  amounts  taken  into  the 
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system  by  remaining  from  twenty  to 
thirty  minutes  in  close  vicinity  to  a 
source  of  freshly  burned  oxide  and 
breathing  normally.  From  Arnstein's 
(70)  figures  of  0.23  mg.  of  zinc  oxide 
per  liter  of  air,  in  one  hour,  a  normal 
individual  at  rest  would  inhale  approxi- 
mately 120.0  mg.  of  oxide."  Doses  of 
oxide  powder  far  exceeding  this  in 
weight  have  been  given  without  produc- 
ing anything  like  the  same  results. 

Much  of  the  oxide  in  an  ordinary 
breath  of  air  containing  oxide  of  either 
type  is  undoubtedly  mechanically 
stopped  on  its  passage  to  the  lungs,  and, 
unless  ejected  by  expectoration  or 
coughing,  ultimately  reaches  the  stom- 
ach. The  oxide  which  reaches  the  lungs 
must  either  remain  there,  be  phagocy- 
tised  and  pass  out  by  the  lymph,  or  pass 
into  the  blood  capillaries  of  the  lung. 
Some  may  find  its  way  up  the  trachea 
again  and  be  swallowed. 

That  portion  of  the  zinc,  whether  in- 
gested or  inhaled,  appearing  in  the 
urine  represents  oxide  which  has  been 
chemically  acted  upon  and  actually  dis- 
solved. Otherwise  it  would  not  appear 
in  the  urine.  The  zinc  Avhich  is  found 
in  the  feces  is,  in  all  probability,  un- 
changed zinc  oxide  and  has  been  truly 
inert — in  the  purely  chemical  sense. 
The  ratios  of  the  zinc  appearing  in  the 
urine  and  feces  are,  from  the  accounts 
in  the  literature,  varying  quantities,  as 
would  be  expected.  The  amount  in  the 
urine  is  invariably  trifling  compared 
to  that  in  the  feces.  Whether  or  not  the 
zinc  in  tlie  urine  represents  all  that 
which  has  produced  a  systemic  effect  is 
a  matter  of  speculation  on  wliich  pres- 
ent knowledge  is  insufficient. 

Michaelis  (21)  explains  the  physio- 
logical effect  of  zinc  oxide  ingestions  on 

°  This  is  allowing  500  c.c.  ,per  breath  and  seven- 
teen breaths  per  minute.  For  a  man  undergoing 
vigorous  physical  exercise  this  quantity  would  be 
increased  about  two  or  three  times. 


the  ground  of  zinc  chloride  formation. 
Lehmann  (64)  (69)  (80)  explains  the 
ag-ue  effects  from  freshly  burned  zinc 
oxide  as  due  to  the  destruction  of  the 
epithelial  cells  of  the  respiratory  tract. 
Michaelis'  explanation  appears  highly 
probable  and  would  account  for  the 
effects  noticed  from  oxide  ingestions. 
Lelunann's  theory  places  the  fresh  zinc 
oxide  on  the  same  footing  as  any  other 
dry  inert  insoluble  powder. 

Particle  Size. — It  has  been  shown  by 
Wells  and  Gerke  (91)  that  particles  of 
the  order  of  1  micron  and  less  do  not 
obey  Stokes'  law  governing  rates  of 
settling  in  such  media  as  air.  This 
observation  applied  to  individual  and 
dispersed  tobacco  smoke  particles  which 
they  estimated  to  be  0.273  microns  in 
size.  They  found  that  time  appeared  to 
be  a  factor  in  the  rate  of  particle  floc- 
culation,  and  plotted  frequency  curves 
to  illustrate  this  point. 

In  the  measurement  and  counting  of 
small  particles  such  as  zinc  oxide, 
Green  (92)  has  pointed  oi;t  the  pro- 
found error  caused  by  ignoring  floccu- 
lation.  He  found  zinc  oxide  particles 
to  be  of  the  order  of  0.534  microns,  or 
about  twice  the  size  that  Wells  and 
Gerke  recorded  for  tobacco  smoke  par- 
ticles. That  zinc  oxide,  as  taken  from 
a  bag  or  bottle,  is  flocculated  to  a  high 
degree,  wall  be  disputed  by  no  one  who 
has  ever  compared  it,  even  macroscopi- 
cally,  with  the  freshly  burned  oxide 
fumes. 

Factors  Affecting  Particle  Floccida- 
tioti. — It  is  a  matter  of  daily  observa- 
tion that  humidity  exerts  a  great  influ- 
ence in  diminishing  air  dustiness. 
Katz,  Longfellow,  and  Fieldner  (93) 
have  pointed  out  the  necessity  of  using 
silica  dust  dried  at  a  high  temperature 
and  dry  air  in  the  artificial  production 
of  dust  clouds.  This  seemingly  elemen- 
tai-y   l)ut    iiniKirtant    fact    has  been  con- 
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firmed  repeatedly  by  the  writer  with 
other  fine  powders  much  like  silica  in 
their  adsorptive  properties.  Whether 
flocculation  of  the  particles  is  caused  by 
the  adsorption  of  moisture  alone,  by 
electrostatic  effects,  or  is  an  expres- 
sion of  some  other  effect,  such  as  sur- 
face tension,  has  not,  so  far  as  the  Avriter 
is  aware,  been  definitely  proved.  On 
the  facts,  however,  there  can  be  no 
doubt — humidity  exerts  a  marked  effect 
on  promoting  particle  flocculation. 
What  the  optimum  conditions  for  pro- 
ducing flocculation  are  has  yet  to  be 
determined  and  appears  to  be  one  of 
the  most  needed  factors  in  the  handling 
of  dust  problems. 

Thoroughly  dried  dusts  with  which 
the  Avriter  has  worked  behave  quite  dif- 
ferently from  those  containing  adsorbed 
moisture.  The  former  are  more  dis- 
persed and  float  about  in  the  air  much 
more  readily  and,  on  passing  through 
glass  or  other  tubes,  have  little  ten- 
dency to  adhere  to  the  sides  of  the  tube, 
even  if  there  are  numerous  sharp  bends. 
Flocculated  particles,  possessing  the 
normal  adsorbed  moisture  content,  tend 
to  deposit  themselves  on  the  walls  of 
tubes  and  particularly  at  points  where 
they  are  forced  to  undergo  a  marked 
change  in  direction. 

Zinc  oxide,  freshly  produced  liy  the 
oxidation  of  vaporized  zinc,  is  in  the 
optimum  condition  of  dispersion,  and 
is  inevitably  dry.  Consequently  it  is 
in  the  optimum  condition  to  pass 
through  the  nose  or  mouth  into  the 
trachea  and  down  into  the  lungs  with- 
out coming  into  contact  with  the  tra- 
cheal walls.  If  the  particles  reach  the 
alveoli  in  the  freshly  burned  dispersed 
state,  they  offer  the  maximum  surface 
for  phagocytosis  and  ultimate  solution. 
When  flocculated,  they  inevitably  oft'er 
relatively  less  surface  and  are  conse- 
quently less  readily  dissolved,  since  the 


speed  with  which  particles  are  dissolved 
is  a  function  of  their  surface  area. 

A  Possible  Explanation  of  Difference 

IN  Physiological  Action  of 

Zinc  Oxides 

Dispersion  and  absence  of  adsorbed 
moisture  would  appear,  then,  to  be  the 
main  points  of  difference  between  the 
zinc  oxide  which  produces  the  ague  and 
that  which  does  not.  That  there  is  a 
marked  physical  difference  between 
these  two  types  of  oxide  and  that  this 
difference  is  utilized  commercially  in 
oxide  manufacture  and  collection  is  at- 
tested to  by  Breyer  (94).  If  this  physi- 
cal difference  in  the  state  of  the  particles 
explains  the  difference  in  their  physio- 
logical effects,  it  should  be  possible  to 
show  the  degree  and  rate  at  Avliieh  the 
factors  producing  flocculation  gradually 
or  abruptly  bring  the  freshly  burned 
oxide  into  the  state  in  which  it  no  longer 
produces  the  ague.  This  appears  to  be 
actually  carried  out  in  the  manufacture 
of  zinc  oxide.  Men  working  near  the 
furnaces  w'here  the  oxide  comes  off  in 
the  freshly  burned  state  are  subject  to 
the  ague ;  those  in  industries  where  this 
same  oxide  is  handled  and  where  zinc 
oxide  is  also  inhaled  do  not  complain 
of  the  ague.  In  both  cases  it  is  chemi- 
cally zinc  oxide  and  virtually  pure.  In 
the  freshly  burned  state  it  is  made  up 
of  dispersed  particles.  In  the  other 
state  it  is  largely  flocculated,  undoubt- 
edly lower  in  temperature,  and  contains 
some  adsorbed  moisture.  Considered 
in  this  light  the  toxicity  of  zinc  oxide 
is  of  interest  and  importance  to  the 
manufacturer,  the  clinician,  and  the 
industrial  hygienist  alike.  Considered 
simply  as  a  malady  which  can  be  avoid- 
ed by  adequate  ventilation,  the  brass 
founders'  ague  appears  to  be  of  minor 
importance.      In   the   latter   case    it   is 
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very  properly  placed  under  the  domain 
of  preventive  medicine,  and  its  occur- 
rence is  ascribed  to  carelessness.  In 
the  former  classification  it  can  be  re- 
garded as  a  convenient  link  between 
fumes  and  dusts,  and  as  such  it  offers 
an  interesting  and  important  problem 
on  the  effects  of  humidity,  temperature, 
particle  size,  and  flocculation  on  the 
<?ollection  of  dust  particles.  This  phase 
of  the  problem  will  form  the  subject 
of  a  future  paper. 

Summary 
The  physio-chemical  factors   govern- 


ing the  formation  of  zinc  oxide  are  dis- 
cussed, the  conditions  under  which  zinc 
oxide  produces  the  brass  founders' 
ague  are  described,  and  the  literature 
on  the  toxicity  of  zinc  oxide  is  reviewed. 
A  distinction  is  drawn  between  the 
physical  states  of  zinc  oxide  as  inhaled 
from  the  burning  of  vaporized  zinc  and 
oxide  powder  of  which  the  particles 
have  become  flocculated.  On  the  basis 
of  tliis  difference  in  physical  states,  a 
possible  explanation  of  the  difference 
in  physiological  effects  of  the  two  types 
of  oxide  is  offered. 
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The  Newer  Knowledge  of  Nutrition.  The  Use 
OF  Food  for  the  Pkesekvatiox  of  Vitauty  and 
HE.U.TH.  By  E.  V.  ilcCoUum,  Ph.D.,  Sc.D.,  Pro- 
fessor of  Chemical  Hygiene  in  the  School  of 
Hygiene  and  Public  Health,  of  the  Johns  Hopkins 
University.  Baltimore.  Md.  Cloth.  Second  Edi- 
tion. Pp.  449  with  preface,  table  of  contents,  illus- 
traHoos.  and  index.  New  York:  The  Macmillan 
Company,  1922. 

The  average  scientific  man  views  -nith 
gratification  a  book  which  satisfactorily 
summarizes  a  vast  amount  of  literature.  Dr. 
McColhim  has  collected  the  most  recent 
material  on  amino  acid,  inorganic  salt,  and 
vitamine  needs,  and  has  sorted,  discussed  and 
judged  it.  Everyone  scientifically  interested 
in  metabolism  should  read  this  book,  for  it 
completes  Lusk's  "Science  of  Nutrition," 
and  therefore  furnishes  a  thorough  sum- 
mary of  the  hard-worked  field  of  metabolism. 

The  book  is  not  a  textbook ;  the  style  is  too 
chatty,  and  the  evidence  too  detailed.  A 
history  of  the  development  of  the  subject  of 
nutrition  is  first  presented,  showing  how 
ideas  have  crystallized  and  present  theories 
developed.  The  new  biologic  methods  for 
the  analysis  of  foodstuffs,  bv  which  individ- 


ual proteins  of  foods  are  tested  on  animals 
for  their  efficiency  in  producing  growth  and 
health,  are  thoroughly  described.  Equally  as 
essential  as  the  caloric  content  of  foodstuffs 
— in  regard  to  their  phy.siologic  effects — are 
vitamines  and  well-balanced  variations  in 
foods. 

In  a  chapter  on  rickets,  Dr.  McCollum 
states  that  three  dietarj'  factors  are  con- 
cerned primarily  in  the  development  and 
normal  metabolism  of  the  skeletal  tissues: 
phosphorus,  calcium  and  vitamines.  A  con- 
tribution of  great  importance  in  this  con- 
nection is  the  recent  discovery  by  McCol- 
lum and  others  that  "the  ratio  between  the 
concentration  of  calcium  and  of  phosphorus 
in  the  diet  may,  within  certain  limits,  be  of 
greater  significance  to  the  welfare  of  an 
animal  than  the  absolute  amounts  of  these 
substances  which  the  diet  contains." 

Thus  a  very  interesting,  relatively  new 
field  of  science  is  well  epitomized.  The 
statements  made  are  based  on  experimental 
work :  the  book  is  replete  with  references.  In 
addition  to  its  scientific  value,  the  book  is  a 
source  of  real  pleasure. — J.  C.  Auh. 
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A  CEITICAL  AGE  AS  A  FACTOR  IX  LABOR  TURNOVER* 
Hakry  D.  Kitson,  Ph.D. 

Professor   of  Psiicholoijii.   IiulHina    I'nh'crsitii.  Bhii/mimiton.   IniUniia 


AMONG  the  iDroblems  of  industrial 
management,  that  of  high  labor 
turnover  is  one  of  the  most  perplex- 
ing. Etforts  to  reduce  it  usually  begin 
with  a  tabulation  of  its  causes  under 
such  headings  as  economic  (low  wages, 
unsatisfactory  modes  of  payment,  etc.) ; 
physical  (dampness,  dirt,  etc.) ;  social 
(uncongenial  supervisors  or  fellow- 
workmen)  ;  and  physiological  (fatigue 
and  occupational  disease).  Still  other 
causes  are  sometimes  recognized  as 
psychological,  though  not  so  openly, 
partly  because  they  are  hidden  from 
ready  view,  partly  because  the  technic 
of  industrial  psychology,  by  means  of 
which  the  causes  must  be  investigated,  is 
so  meagerly  developed.  While  investi- 
gating some  of  these  psychological 
causes,  the  writer  encountered  one  which 
furnishes  data  by  means  of  which  not 
only  certain  cases  of  labor  turnover,  but 
possibly  many  other  phenomena  of  in- 
dustrial life,  may  be  interpreted.  This 
cause  is  a  critical  age  period  in  a  work- 
er's life,  during  which  time  he  quits  his 
job  ^\dth  especial  readiness. 

The  figures  upon  which  this  conclu- 
sion is  founded  Avere  dra\\m  from  the 

•Received  for  publication  May  9,  1922. 


service  records  of  2,500  workmen  who 
quit  consecutively,  either  voluntarily  or 
involuntarily  (almost  all  resignations 
were,  of  course,  voluntary),  in  four  firms 
during  1920.  Two  of  these  groups 
(metal  workers,  297  of  whom  were  in 
firm  C,  and  294  in  firm  D)  were  investi- 
gated by  the  Scott  Company,  Philadel- 
phia.^ The  other  two  groups  (A,  con- 
sisting of  1,483  workers  who  left  the  em- 
ploy of  a  metal-trades  manufactory ;  and 
B,  consisting  of  the  first  500  men  leaving 
the  service  of  a  furniture  factory  dur- 
ing 1920)  were  investigated  by  the 
writer. 

The  workers  were  classified  into  age 
groups  at  five-year  intervals,  the  age 
recorded  being  that  given  at  the  time  of 
hiring.  The  average  number  of  weeks 
worked  by  the  members  of  each  age 
group  was  then  calculated.  (See  Table 
1.)  In  case  a  worker  had  been  liired, 
had  resigned,  and  had  been  rehired,  the 
length  of  service  was  comjouted  for  the 

'  The  liinclness  of  tlie  Scott  Company  for  permis- 
sion to  use  the  data  reported  in  their  Bulletin  L. 
4.  Oct.  25,  1920.  is  gratefully  acknowledsed,  as  is 
the  courteous  co-operation  of  Messrs.  Earl  Cham- 
berlain and  R.  W.  Marshall,  employment  man- 
agers, who  fui-ni.shed  the  writer  with  data,  and  of 
Lee  Crawley  and  Claude  Campbell  who  assisted  in 
the  labiirious  work  of  tabulation. 
199 


200 


THE    JOURNAL    OP    INDUSTRIAL    HYGIENE 


l^eriod  immediately  preceding  each  re- 
signation. 

Results  and  Coxclusioxs 

1.  The  ciirves  in  Figure  1  sliow,  first 
of  all,  a  relatively  short  period  of  ser- 
vice on  the  part  of  workers  under  25 
years  of  age.  This  is  to  be  expected,  in 
view  of  the  natural  instability  of  youth- 
ful interests,  the  entirely  Avorthy  search 
for  vocational  ol)jective,  and  the  absence 


words,  this  last-mentioned  period  ap- 
pears to  be  a  critical  time  when  men 
give  up  their  jobs  with  unusual  fre- 
quency. This  is  manifest  in  the  records 
of  every  one,  of  these  companies,  al- 
though not  so  clearly  in  the  case  of  com- 
pany A  as  in  the  others.  Indeed,  the 
length  of  service  for  all  ages  is  greater 
in  this  firm,  probably  because  of  the  ex- 
traordinary measures  Avhicli  are  taken 
to  insure  long  service.  By  means  of 
home  visitation  the  company  maintains 
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Fig.  1. — Showing  average  number  of  week; 
worUeil  liy  "qnits"  of  various  ages  in  four  iudus 
trial   cstalilislinieuts. 


of  the  anchorage  of  economic  and  social 
responsibilities. 

2.  The  long  service  of  Avorkers  over 
50  is,  of  course,  due  to  an  opposite  set 
of  conditions :  stability  of  interests,  or 
habit,  or'  recognition  of  the  fact  that 
gray  hair  is  inimical  to  a  favorable 
change  of  job. 

3.  With  similar  ease  one  can  explain 
the  long  aA'erage  period  of  service  be- 
tween the  ages  of  31  and  35,  Avhen  men 
are  rearing  cliildren  and  paying  for  a 
home. 

4.  Contrary  to  expectation,  however, 
the  length  of  serA'ice  does  not  increase 
regularly  Avith  age.  There  comes  a  time 
when  it  decreases,  namely,  from  36  until 
50  years  of  age,  the  minimum  ])eing 
readied    between    41    and    50.      in    ollici' 


oversight  over  living  conditions  and  ap- 
plies remedies  even  to  the  extent  of 
helping  a  Avorkman  find  a  lietter  house. 
In  1920  it  gaA'e  a  bonus  to  all  Avho  re- 
mained more  than  three  months.  (It 
Avill  be  noted  that  even  the  age  groups 
Avitli  the  shortest  term  of  seiwice  re- 
mained, on  the  average,  four  months — 
just  long  enough  to  receiA'e  this  bonus.) 
Tliat  such  solicitude  for  the  physical 
and  mental  conditions  of  Avorkers  serA'ed 
to  prolong  the  term  of  ser\'ice  in  this 
l)lant  ajipears  unmistakable,  especially 
in  the  cast'  of  llii'  nu'ii  at  tlu'  critical  age 
period,  ])ut  it  could  not  completely  oblit- 
erate the  effect  of  this  critical  age,  for 
instead  of  rising  regularly  to  the  55- 
year  jieiiod,  the  curve  takes  the  shai)e 
of  a  i)latean. 
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The  explanation  of  this  critical  age 
phenomenon  gives  rise  to  several  in- 
teresting hypotheses.  The  first  two  to 
be  offered  are  economic;  the  third  is 
psychophysical. 

1.  By  the  time  he  has  reached  the 
age  of  40,  the  laboring  man  has  usually 
reared  his  children  to  the  point  where 
they  can  at  least  partially  provide  for 
themselves,  and  he  has  perhaps  com- 
pleted the  payments  on  his  house;  con- 
sequently, he  feels  a  degree  of  freedom 
in  leaving  one  job  to  seek  another. 

2.  Again,  as  he  nears  40,  he  realizes 
that  he  is  entering  upon  the  period  of 
declining  strength  and  graying  hair, 
when  it  will  be  increasingly  difficult  to 
secure  a  new  job-  And  if  he  sees  no  fur- 
ther possibilities  in  his  present  job  he 
feels  that  now  is  tlie  time  to  make  a 
change. 

3.  Apart  from  these  economic  con- 
siderations, however,  there  are  others  of 
a  psychophj'sical  nature.  At  this  period 
there  may  be  generating  mthin  the 
man  certain  deep-seated  physiological 
changes.  Just  as  woman  at  approxi- 
mately the  age  of  45  undergoes  the 
period  of  change  known  as  the  meno- 
pause— a  period  characterized  by  gland- 
ular and  organic  adjustments  and 
psychic  disturbances  more  or  less  seri- 
ous in  character — so  the  male,  as  he 
reaches  the  same  age  probably  passes 
through  a  similar  period.  Because  the 
symptoms  are  not  so  highly  marked  in 
the  male,  the  occurrence  of  the  phenom- 
enon is  not  so  universally  recognized 
even  by  the  medical  profession.  Mendel 
(1),  however,  ajid  Church  (2)  called  at- 
tention to  it  about  a  dozen  years  ago, 
alleging  that  it  lasts  from  eighteen 
months  to  three  years,  and  manifests 
itself  in  the  following  symptoms :  high 
arterial  tension,  digestive  and  intestinal 
disorders,  headaches,  quick  fatigue,  op- 
pressed feelings   in   the   chest,   sudden 


sensations  of  an  alarming  nature,  espe- 
cially vertigo.  Most  striking  of  all  are 
the  psychic  accompaniments  of  the 
period :  an  almost  invariable  tendency 
to  mental  instability,  sometimes  leading 
to  actual  insanity,  sometimes  consist- 
ing merely  of  what  Freud  calls  an 
"anxiety  neurosis"  (directed,  perhaps, 
to  the  period  of  impotence  which  is  due 
in  ten  or  twenty  years?). 

It  is  interesting  to  note  in  this  connec- 
tion that  the  age  at  which  persons  com- 
ing down  with  senile  dementia  begin  to 
come  to  state  hospitals  for  mental  dis- 
eases is  between  40  and  49,  and  that 
patients  suffering  from  general  paraly- 
sis are  admitted  in  greatest  numlier  be- 
tween the  ages  of  40  and  49  (3). 

We  may  reasonably  believe,  therefore, 
that  there  is  a  period  in  a  man's  life 
when  he  becomes  especially  unsettled 
mentally,  and  that  this  uneasiness  ex- 
presses itself  in  the  special  frequency 
mth  which  the  men  included  in  the  in- 
vestigation here  reported  quit  their  jobs. 

Such  a  conclusion  suggests  that  em- 
ployers should  exert  considerable  solici- 
tude for  men  at  this  critical  age;  that 
they  should  be  on  the  watch  for  symp- 
toms of  restlessness  and  irritability; 
that  they  should  view  these  symptoms 
with  toleration  and  sjTnpathetic  under- 
standing ;  and  that  they  should  endeavor 
to  take  special  remedial  measures,  such 
as  giving  increased  responsibility,  or 
more  pay,  or  even  a  change  of  job,  to 
those  who  are  worthy.  It  suggests  fur- 
ther that  just  as  this  critical  age  period 
affects  the  tendency  of  a  man  to  quit 
his  job,  so  may  it  affect  him  in  other  in- 
dustrial relationships;  even  in  other 
non-industrial  respects,  all  of  which 
should  be  investigated.  The  problem 
should  be  studied  also  in  connection 
with  workers  in  various  classes  of  occu- 
pations. 

Finally,  the  demonstration  that  such 
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obscure  influences  can  be  expressed 
quantitatively  suggests  that  there  may 
be  others  that  can  be  demonstrated  in 
the  same  way.  Interesting  speculations 
are  advanced  by  economists  who  are  de- 
sirous of  bending  the  Freudian  hypothe- 
sis to  the  ends  of  economic  theorizing, 
to   the   effect   that   suppressed   psychic 


forces  operate  to  direct  human  beings 
at  work.  But  before  any  hypotheses 
can  be  accepted,  they  must  be  subjected 
to  the  laborious  investigation  and  quan- 
tification that  have  marked  this  demon- 
stration of  the  relation  between  the 
critical  age  and  labor  turnover. 
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P(  )ISONIXG  BY  BENZOL  CARBON  TETRACHLORIDE  CEMENT,  WITH 
SPECIAL  REFERENCE  TO  THE  EARLY  SYMPTOMS 
OF  BENZOL  POISONING* 

E.  B.  Stare,  M.D.t 


Chief   of   the   Dirigion    of   huJiixtriiil    Hijgiene.    Ohio    S'fatc  Department  of  Henltli 


THE  freedom  from  fire  risk  attached 
to  the  combination  of  carbon  tetra- 
chloride with  benzol  appears  to  add  to 
the  industrial  uses  of  the  latter  sub- 
stance. The  solvent  properties  of  car- 
bon tetrachloride  and  its  cheapness  like- 
wise make  of  it  a  useful  adjuvant  when 
combined  with  benzol.  Six  months 
ago  my  attention  was  directed  to  some 
unfavorable  effects  resulting  from  a 
quickly  drying,  non-inflammable  rubber 
cement  in  which  this  combination  was 
found.  Although  the  cement  in  question 
is  said  to  have  been  on  the  market  for  a 
number  of  years,  I  have  lieen  unable  to 
find  in  the  literature,  after  a  fairly 
careful  search,  any  reference  to  the  po- 
tential dangers  associated  with  its  use. 
Injury  to  health  from  the  use  of  the 
solvent,  benzol,  has  been  long  recog- 
nized, especially  on  the  continent  of  Eu- 
rope, and  was  first  reported  in  this 
country  about  twelve  years  ago  (1). 
Numerous  reports  regarding  the  poison- 
ous properties  of  benzol  have  since  ap- 
peared in  our  literature.  These  have  all 
been  fully  summarized  in  a  recent  arti- 
cle by  Dr.  Alice  Hamilton  (2).  With 
only  one  possible  exception,  none  of 
the  American  authors  has  dwelt  upon 
the  early  sjTnptoms  of  benzol  poisoning. 
Nearly  all  the  reports  relate  to  cases 
that  were  either  fatal  or  nearly  so.  It 
is  believed  that  a  more  general  acquaint- 
ance should  be  had  Axith  the  early,  less 
drastic  symptoms  of  benzol  poisoning,. 

*Received  for  publication  May  22.  1922. 
f  Deceased  June  21.  1922. 


as  they  are  hereafter  set  forth,  especially 
in  view  of  the  importance  of  recogniz- 
ing early  symptoms  in  connection  with 
preventive  measures.  After  advanced 
symptoms  have  appeared  much  damage 
has  been  done  and  valuable  time  has 
been  lost. 

A  brief  rcA-iew  of  the  effects  produced 
by  carbon  tetrachloride  also  seems  justi- 
fiable because  of  its  use  in  the  cement  in 
question  and  in  view  of  the  scattered 
literature  on  the  subject,  although  it  is 
not  thought  to  have  been  a  conspicuous 
factor  in  the  cases  reported  in  this  arti- 
cle. 

The  cement  referred  to  is  manufac- 
tured for  use  in  millinery  establishments 
and  thousands  of  cans  are  said  to  be 
sold  throughout  the  United  States  and 
Canada.  There  is  reason  to  believe  that 
cement  of  this  type  has  quite  generally 
supplanted  the  needle  and  thread  in 
some  phases  of  hat  making  in  the  millin- 
ery industry.  Economy  in  production 
now  iDractically  requires  its  use  in  cer- 
tain processes-  Hubbard  and  Kefauver 
(3),  in  1920,  published  a  rather  complete 
report  of  conditions  atfecting  health  in 
the  millinery  industiy.  Benzol  is  men- 
tioned, briefly  only,  among  other  poison 
hazards,  but  carbon  tetrachloride  is  not 
included. 

A  Recej^^t  Factoky  Experience 

In  October,  1921,  a  case  diagnosed  as 
benzol  poisoning  was  brought  to  the  no- 
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tice  of  our  department.  The  illness  af- 
fected a  young  woman  employed  as  a 
hat  maker  in  a  wholesale  millinery  es- 
tablishment. The  symptoms  descrijjed 
were  severe  gastralgia,  irritation  of  the 
upper  respiratory  mucous  membrane, 
headache,  and  tachycardia.  About 
twenty  girls  were  reported  to  be  sim- 
ilarly affected.  The  following  is  a  di- 
gest of  the  first-hand  inquiry  which  was 
at  once  made. 

The  millinery  establislmient  was 
housed  in  a  long  five-story  building. 
Each  end  of  the  second  floor  and  a  por- 
tion of  the  fifth  floor  were  partitioned  off 
and  equipped  with  tables,  around  each 
of  which  five  or  six  girls  were  seated, 
engaged  mostly  in  hat  making.  Open 
cans  of  cement  were  kept  on  the  tables. 
Each  gii'l  reached  forward,  dipped  a 
long-handled  brush  into  a  cement  can, 
and  then  pasted  cement  on  a  buckram 
hat  form  held  in  her  lap,  while  she 
pressed  the  cloth  or  other  material  into 
place.  Until  about  eight  years  ago, 
these  materials  were  always  sewed  into 
place.  Facilities  for  natural  ventilation 
were  not  the  best  and  artificial  means 
were  not  provided.  The  odor  of  benzol 
was  quite  distinct  even  at  a  distance 
from  the  partitioned  rooms.  The  com- 
pany officials  stated  that  they  had  been 
using  this  brand  of  cement  for  about 
four  years  but  had  never  before  had 
any  trouble  with  it. 

The  chief  trouble  arose  coincident  with 
the  closing  of  the  windows  at  the  onset 
of  cool  weather.  It  was  suggested  that 
some  change  had  been  made  in  the 
formula  of  the  last  batch  of  cement  pur- 
chased from  the  manufacturer.  In  an- 
swer to  a  letter  of  complaint,  however, 
the  manufacturer  denied  any  change  in 
tho  formula,  but  admitted  that  three 
other  comi)laints  had  been  made  in  the 
past  regarding  fumes  from  the  cement. 
These  disagreeable  experiences  were  all 


ascribed  by  the  manufacturer  to  faulty 
ventilation  of  the  workplace  and  to  phys- 
ical ailments  having  no  connection  with. 
the  use  of  cement.  In  our  chemist's 
analysis  of  the  cement,  sample  A  was 
taken  from  a  can  about  half  used,  sample 
B  from  a  new  can  freshly  opened.  The 
results  were  as  follows : 

Sample  A  Sample  B 

Residue    on    evaporation.         'r  'c 

largely    rubber 3.60  3.11 

Solvent : 

Carbon  tetrachlor- 
ide (CCIJ    70.0'  66.0^ 

Benzine  (benzol)  {0^3.^)  30.0^  34.0^ 

Carbon  bisulphide  (CS,)  -  -  0.05 
il'er  tent  by  volume. 

Of  the  forty  girls  employed  (all  of 
whom  were  native  wliite  Americans), 
thirty-one  were  engaged  in  processes 
involving  more  or  less  exposure  to  ce- 
ment fumes.  Chief  among  these  proc- 
esses was  one  kno^^^l  as  hat  making,  or 
secttring  cloth  coverings  and  trimmings: 
to  buckram  .shapes  by  means  of  a  quickly 
drying  cement.  C)f  the  thirty-one  girls 
more  or  less  exposed,  four,  who  were 
engaged  in  desigiiing,  machine  opera- 
ting, and  cutting,  did  not  handle  cement. 
Two  of  these  were,  however,  somewhat 
affected  by  the  fumes.  Twenty-two  of 
the  twenty-seven  who  handled  cement 
had  definite  symptoms,  the  other  five 
complained  of  no  s^^nptoms.  All  of  the 
thirty-one  girls  were  individually  ques- 
tioned in  a  quiet  room  secured  for 
consultation  through  the  courtesy  of 
the  managers  who  co-operated  with  the 
investigators  in  every  way.  The  follow- 
ing brief  case  reports  are  presented  as 
representative  of  tlie  sympt(mis  recited. 

C.\?E  1. — Miss ,  aged  21,  a   woman  of 

rather  delicate  appearance,  had  worked  as  a 
hat  maker  in  this  establishment  for  about  four 
months.  She  had  had  no  noteworthy  symp- 
toms of  poisoning  until  about  three  weeks 
jirevious  to  the  investigation,  but  since  then 
she  had  liad  attacks  of  nausea,  accompanied 
by  sensations  of  giddiness  and  faiiUness,  on 
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aeoount  of  wliR-h.  one  day.  she  could  hardly 
reach  her  home.  She  complained  of  frequent 
urination  and  headache.  She  had  used  cloth 
masks  over  her  mouth  and  nose  when  work- 
iiisr  with  the  cement,  but  had  found  them 
ineffectual.  She  gave  no  liistoiy  of  hemor- 
rhages. She  attributed  the  symptoms  to  the 
cement. 

Case  2. — iliss ,  aged  21.  a  woman  of 

rather  delicate  appearance,  had  worked  in  the 
establishment  as  a  hat  maker  and  trimmer 
about  fourteen  months.  About  three  weeks 
before  the  inquiry  she  became  nauseated  and 
very  dizzy  while  at  work.  About  ten  days 
later  at  i  o'clock  in  the  afternoon  she  became 
dizz.v  and  sick,  and  upon  going  home  stayed 
in  bed  for  twenty-four  hours  before  she  re- 
covered. She  was  exceedingly  weak  and 
dizzy,  and  "" could  hardly  get  her  breath." 
She  claimed  that  she  had  never  had  such 
symptoms  before,  and  that  she  always  felt 
worse  when  she  used  much  cement.  t>he  gave 
no  histoi-y  of  hemorrhages  or  of  ""blue 
spots'"  on  the  body. 

Case  3. —  iliss .  aged  27.  a  maker,  had 

worked  in  the  establishment  for  sixteen 
months.  A  year  previous  to  the  inquiry  her 
eyes  had  troubled  her  and  she  had  been 
obliged  to  be  titted  to  glasses.  A  little  more 
than  two  weeks  before  the  investigation  she 
became  nauseated  and  her  throat  and  stomach 
burned.  Other  symptoms  were  frequent 
urination,  severe  headache,  and  dizziness. 
Nearly  every  night  she  became  worse  after 
boarding  the  street  ear  to  go  home,  and  dur- 
ing the  evening  nausea,  giddiness,  and  weak- 
ness increased.  She  usually  felt  much  better 
in  the  morning  until  she  had  worked  for  a 
short  time.  When  further  questioned  on  No- 
vember 21.  she  stated  that  one  evening  abotit 
a  month  before,  during  an  attack  of  nausea 
attributed  to  cement  fvunes,  she  had  vomited 
about  two  teaspoonfuls  of  blood.  This  had 
never  occurred  before.  She  liad  had  no  stom- 
ach symptoms  until  a  few  weeks  before  this 
investigation.  She  claimed  that  she  had  no- 
ticed distinct  bruise-like  spots  on  her  right 
thigh  for  which  she  could  not  account. 

Case  i. — iliss .  aged  19.  a  maker,  had 

used  cement  ever  since  entering  the  company  "s 
emplojTnent  fifteen  months  before.  She  had 
noticed  no  symptoms  until  about  three  weeks 
before  this  inquiry,  when  she  could  keep  no 
food  on  her  stomach  except  toast  and  eggs. 
She  suffered  from  giddiness  and  weakness, 
which  she  attributed  to  the  cement.  Just  be- 
fore leaving  her  work  at  night  she  always 
felt  badly,  and  upon  arrival  at  home  she  felt 
worse  and  often  vomited.  She  said  that  her 
eyes  and  throat  had  burned  a  great  deal  in 
the  previous  three  weeks,  especially  after  she 


had  opened  a  can  of  cement.  She  did  not  com- 
plain of  frequent  urination  and  had  had  no 
hemorrhages. 

Ca  e  -1. — Mi.ss .  aged  23.  a  maker,  ap- 
parently strong  and  healthy,  had  worked  in 
the  establishment  for  seven  years,  and  had 
previously  been  employed  at  the  same  work. 
She  stated  that  three  weeks  before  the  in- 
vestigation she  became  nauseated  and  vomited 
while  at  work  and  in  the  evening  at  home. 
She  always  felt  woi-se  in  the  evening.  One 
evening,  two  weeks  after  the  first  attack  she 
became  very  iU  on  the  way  home,  and  that 
night  vomited  repeatedly  until  12  o'clock. 
The  vomit  contained  no  blood,  however.  Her 
throat,  chest,  and  stomach  burned  a  great 
deal.  She  had  noticed  no  effect  on  urination. 
Following  this  occurrence  she  was  very  weak 
and  did  no  work  for  five  days.  The  girl  .said 
that  one  of  the  other  employees  who  had  died 
about  two  weeks  before  had  complained  of 
similar  symptoms  caused  by  the  cement. 

Case  6. — IMrs. .  aged  -12.  who  had  been 

employed  as  a  cutter  for  two  yeai-s.  had  used 
a  good  deal  of  cement  in  pasting  during  the 
previous  two  months  only.  She  often  used 
it  for  two  hours  at  a  time,  pasting  as  many  as 
twenty  hats  in  succes-sion.  She  claimed  that 
since  she  had  worked  with  the  cement  she  had 
been  exhausted  tipon  her  arrival  at  home,  that 
her  throat  felt  sore  and  burned,  and  that  her 
chest  also  felt  sore.  She  complained  of  fre- 
quent tirination  when  she  used  cement,  and 
of  dizzj-  spells.  With  cessation  of  the  use  of 
cement,  she  felt  much  better.  She  gave  no 
history  of  hemorrhages  or  of  "bruises"  on 
the  body. 

Case  7. — iliss .  aged  37.  a  healthy  ap- 
pearing woman,  had  been  employed  with  this 
company  as  a  maker  and  trimmer  for  two 
years.  Previously  she  had  worked  at  the 
same  employment  in  a  retail  establishment 
where  less  cement  was  used.  She  said  that 
she  always  felt  nauseated  when  the  ventila- 
tion was  poor.  For  three  weeks  she  had  had 
a  burning  sensation  from  '"her  tongue  all  the 
wav  down  to  her  stomach."  She  had  lost  a 
half-day  two  weeks  before  and  an  entire  day 
a  week  later  "on  account  of  cement.'"  Of 
late  she  had  been  unable  to  eat  tomatoes  or 
anything  acid.  Eating  seemed  to  hurt  her 
stomach.  She  tasted  cement  after  getting  out 
into  the  air.  and  during  the  evening.  At 
night  she  urinated  frequently. 

Case  S. — Miss .  aged  o-l.  had  been  em- 
ployed as  a  maker  and  trimmer  for  twenty 
years  and  had  worked  for  this  company  for 
five  years.  She  said  that,  although  she  had 
used  cement  for  eight  years,  she  had  never 
noticed  any  ill  effects  from  it  until  three 
weeks  before.     Since  this  time  she  had  been 
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miserable  with  nausea  and  a  burning  sensa- 
tion in  the  stomach.  Her  eyes  burned  and 
Jier  heart  action  seemed  to  be  affected;  she 
also  complained  of  a  sense  of  faintness  and 
weakness,  and  frequent  urination. 

Case  9. — Miss ,  aged  37,  a  second-floor 

maker,  had  worked  in  this  establishment  for 
ten  months  and  had  had  no  ill  effects  until  a 
short  time  before  the  inquiry.  She  had  just 
returned  from  a  week's  absence  on  account  of 
sickness  which  she  attributed  to  cement,  and 
had  been  ill  for  a  week  previously.  Her 
.symi)toms  were  nausea  and  vomiting,  gas  on 
the  stomach  and  bowels,  and  very  sore  bowels. 
Dizziness  and  weakness  were  more  pronounced 
after  she  left  the  factory  at  night.  She  also 
complained  that  she  had  difficulty  in  breath- 
ing, that  her  chest  was  sore,  and  that  her 
lips  and  throat  burned.  Before  leaving  work 
she  had  suffered  from  an  itching  inflamma- 
tion on  the  ulnar  surface  of  both  forearms. 
This  improved,  however,  while  she  was  away 
from  work,  but  recurred  after  she  resumed 
work.  She  had  always  been  strong,  and 
looked  well. 

Case  10. — Miss ,  aged  30,  a  maker,  had 

worked  for  this  company  for  eight  months. 
The  week  previous  to  this  investigation  she 
had  been  severely  nauseated.  She  had  often 
felt  .so  sick  upon  arriving  at  home  that  she 
had  been  obliged  to  retire  immediately  with- 
out eating  her  supper.  Her  forearms  were 
superficially  inflamed  and  her  finger  tips  sore. 
The  patient  attributed  all  these  symptoms  to 
the  cement. 

The  rather  hasty  physical  examina- 
tion of  these  cases  necessitated  by  the 
circumstances  gave  practically  negative 
results.  Pulse  and  heart  action  at  the 
time  of  examination  were  not  disturbed. 
Mucous  membranes  in  some  cases  Avere 
quite  pale,  in  others  normal.  A  con- 
spicuous symptom  was  the  burning  sen- 
sation in  the  epigastrium,  with  tender- 
ness on  pressure.  The  blue  spots  on  tlie 
thigh  of  Case  3  had  disappeared  at  the 
time  of  a  second  examination  (one  month 
later).  No  disturbance  of  the  menstrual 
function  was  elicited.  Circumstances 
were  not  favorable  for  collecting  blood 
samples.  Except  for  the  presence  of  ce- 
ment no  conditicm  common  to  all  the  em- 
ployees affected  could  lie  found  to  ac- 
count  for  llic  symploiiis.     Tminiry  inli) 


the  death  referred  to  by  Case  5  indi- 
cated that  death  was  due  to  a  perforated 
gastric  ulcer.  There  had  been  no  con- 
firmatory ojDerative  or  postmortem 
findings.  Moreover,  the  physician  in 
charge  of  the  case  had  not  elicited  the 
fact  that  the  patient's  illness  was  jDri- 
marily  associated  with  the  breathing  of 
cement  fumes.  In  this  connection  it  is 
perhaps  sigiiificant  that  Sury-Bienz 
(■i),  Beinhauer  (5),  and  others  have 
found  hemorrhages  into  the  gastric 
mucosa  in  poisoning  by  benzol,  and  that 
Weiskotten  and  his  collaborators  (6),  in 
careful  experiments  upon  animals  pois- 
oned by  benzol  under  conditions  similar 
to  those  found  in  indiistry,  found  hem- 
orrhages into  the  gastro-intestinal 
mucosa  in  three  animals,  and  in  one, 
small  ulcers  in  the  gastric  mucosa. 

While  the  author  is  of  the  opinion, 
after  careful  consideration,  that  the 
symptoms  complained  of  by  these  pa- 
tients were  chiefly  due  to  benzol,  it 
would  be  inadvisable  thus  to  dispose  of 
the  question  of  carbon  tetrachloride 
mthout  some  reference  to  its  systemic 
effects. 

Carbox  Tetrachloride 

Carbon  tetrachloride  came  into  gen- 
eral industrial  use  a  number  of  years 
ago,  partly  as  a  result  of  improvements 
in  its  manufacture  on  a  large  scale,  and 
partly  because  of  its  non-inflammability 
and  its  less  toxic  properties  as  compared 
with  other  solvents  (carbon  bisulphide, 
benzine,  etc.).  It  is  a  heavy,  colorless 
liquid,  having  an  aromatic  odor  and  a 
l)()iling  point  of  76.7°C.  It  is  readily 
vaporized  into  a  colorless  vapor  5. .■?.'? 
times  heavier  than  air.  This  property, 
together  with  its  non-inflammability, 
makes  it  a  most  valuable  agent  in  shut- 
ting out  air  from  surfaces  blanketed 
liy  it,  and  thus  renders  it  useful  in  ex- 
liiiijuisliiuu'  fires. 
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Carbon  tetrachloride  first  claimed  the 
attention  of  the  medical  profession  in 
December,  1865,  when  J.  Y.  Simpson  (7) 
of  Edinburgh  suggested  its  use  as  a  gen- 
eral anesthetic.  Its  alleged  heart  de- 
pressant properties,  however,  soon  led 
to  its  abandonment.  It  was  used  as  an 
agent  for  shampooing  the  hair  in  the 
early  part  of  this  century,  but  Colman 
(8)  warned  against  its  use,  claiming  that 
it  was  dangerous  to  life.  Its  action  is 
similar  to  that  of  chloroform,  thoiigh 
nn)re  depressant  to  circulation  and  res- 
piration. In  a  footnote  by  Marshall  to 
Colman 's  article,  reference  is  made  to 
the  use  of  carbon  tetrachloride  in  the 
sixties  as  an  agent  for  the  relief  of 
headache,  neuralgia,  chorea,  etc.  Its 
ill  effects  caused  it  to  be  discontinued. 
There  is  recorded  a  case  in  which  death 
took  place  very  suddenly  during  the  ap- 
plication of  carbon  tetrachloride  in  a 
dry  shampoo  (9).  The  presence  of 
status  lymphaticus  in  this  case  is  said 
to  have  occasioned  some  doubt  as  to  the 
true  cause  of  death.  Waller  and  Veley 
(10)  concluded,  from  experimental 
studies,  that  carbon  tetrachloride  was 
considerably  more  toxic  than  chloro- 
form. Rambousek  (11)  states  that  "  car- 
lion  tetrachloride,  so  far  as  its  poison- 
ous qualities  are  concerned,  is  to  be  pre- 
ferred to  otlier  extractives"  such  as  car- 
bon bisulphide,  benzine,  etc.  "The  nar- 
cotic eifect  is  only  half  that  of  chloro- 
form; it  causes,  liOAvever,  a  more  violent 
excitation ;  iiihaling  the  fumes  brings  on 
nausea,  coughing,  sickness,  headache, 
etc." 

Allison  and  Katz  (12)  found  that  the 
least  concentration  in  the  air  of  carbon 
tetrachloride,  detectable  by  the  olfactory 
sense,  was  718  parts  per  million,  and 
that  when  concentrated  to  the  extent  of 
6,091  parts  per  million,  the  odor  was 
"very  strong."  The  authors  point  out 
that  the  soporific  effect  of  carbon  tetra- 


chloride may  account  for  the  high  con- 
centration required  before  the  odor  is 
clearly  detectable. 

Lewin  (13),  discussing  the  effects  of 
carbon  tetrachloride,  states  that  it  is 
abf)ut  twice  as  poisonous  as  chloroform ; 
tliat,  when  a  person  inhales  it,  his 
breatliing  first  becomes  heavy,  then  he 
becomes  delirious,  is  unable  to  stand, 
is  nauseated  and  blue,  and  has  dilated 
pupils.  There  is  headache  upon  recov- 
ery. 

Fieldner,  Katz,  and  Kinney  (1-4),  in 
a  recent  bulletin  of  the  Bureau  of  Mines, 
discuss  the  dangers  associated  with  the 
use  of  carbon  tetrachloride  in  fire  ex- 
tinguishers in  confined  places  and  upon 
heated  surfaces.  These  dangers  relate 
more  particularly  to  the  decomposition 
prodi;cts  of  carbon  tetrachloride  (chlor- 
ine, i^hosgene,  and  hydrochloric  acid 
gas ) .  "  Comparatively  large  amounts  of 
carbon  tetrachloride  vapor  must  be 
breathed  before  the  effects  become  dan- 
gerous." These  authors  quote  Lehmann 
to  the  effect  that  "3,980  jjarts  per  mil- 
lion (about  O.-l  per  cent.)  may  be  inhaled 
for  about  an  hour  without  very  serious 
effects." 

Hall  (15)  directs  attention  to  the  util- 
ity of  carbon  tetrachloride  as  an  anthel- 
mintic when  given  by  mouth  in  hard 
gelatin  capsules  for  the  removal  of 
hookworms.  He  concludes  that  it  is 
safer  than  other  dri:gs  used  for  this 
purpose,  and  indicates  that  the  dangers 
ascribed  to  its  inhalation  have  been 
overrated,  a  fact  wliich  "is  perhaps  re- 
sponsible for  the  neglect  of  this  drug 
for  half  a  century. ' ' 

Carbon  bisulphide  may  be  present  in 
carbon  tetrachloride  as  a  residue  result- 
ing from  the  process  of  manufacture. 
It  was  not  found  in  one  of  the  samples 
of  cement  examined  by  us ;  it  was  present 
in  the  other,  but  not  in  an  amount  dan- 
gerous to  health. 
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In  considering  the  toxic  properties  of 
carbon  tetrachloride  a  distinction  must 
1)6  made  between  its  use  as  an  anesthetic 
and  its  use  as  an  industrial  agent.  Ap- 
parently fairly  large  amounts  of  the  va- 
por must  be  breathed  before  toxic  symp- 
toms are  produced.  In  none  of  the  cases 
studied  were  the  soporific  effects 
ascribed  to  carbon  tetrachloride  notice- 
able. The  weight  of  the  vapor  is  such 
that,  in  the  absence  of  any  especial  air 
movement,  such  as  in  the  ijlaqe  under 
discussion,  it  would  have  a  greater  tend- 
ency than  benzol  to  fall  from  its  source 
toward  the  floor  and  away  from  the 
breathing  level.  The  vapors  of  both 
agents,  however,  are  quite  diffusible, 
particularly  beiizol  vapor.  In  utilizing 
carbon  tetrachloride  as  a  delousing 
agent,  Foster  (16)  took  advantage  of  the 
tendency  of  the  vapor  to  fall  to  the  bot- 
tom of  a  tall  can  in  which  infested  cloth- 
ing was  jjlaced.  In  the  case  of  alleged 
death  from  carbon  tetrachloride  used 
for  shami3ooing  the  hair,  the  conditions 
were  most  favorable  for  toxic  effects  as 
remarked  by  Marshall,  tlio  vajxir  natur- 
ally falling  from  above  the  breathing- 
level  directly  over  the  face.  This  is  a  sit- 
iiation  which  could  scarcely  be  imitated 
in  ordinary  industrial  processes,  and  yet 
thousands  of  people  are  said  to  have  had 
their  heads  shampooed  with  carbon 
tetrachloride  without  ill  effects  except  in 
a  few  cases  in  which  fainting  took 
place  (8). 

By  way  of  sununari/.ing,  it  nuiy  be 
said  that  the  danger  of  poisoning  by  car- 
bon tetrachloride  as  used  in  the  cement 
in  i|uestion  seems  rather  remote,  though 
it  nuiy  liave  contributed  somewhat  to  the 
comijlcx  of  symptoms. 

Bex/,01. 

Alxiut  two  years  ago  Xcwtnn  (17)  de- 
sci-il)cd  the  case  of  a  chemist,  aged  30, 


who  had  been  working  two  weeks  ^vith 
benzol,  when  he  complained  of  headache, 
lassitiide,  loss  of  Aveight,  pain  in  the  ab- 
domen, nausea,  and  vomiting.  A  phy- 
sical examination  proved  negative.  An 
examination  of  the  blood,  however,  re- 
vealed a  marked  leukopenia.  Two  other 
chemists  similarly  exposed  were  with- 
out sjTiiptoms,  but  both  had  a  marked 
leukopenia.  A^Dparently  this  is  the  first 
case  in  the  United  States  in  which  early 
subjective  symptoms  of  benzol  poison- 
ing are  described.  Xo  mention  is  made 
of  irritation  of  the  mucous  membrane, 
or  of  bladder  irritability  (evidenced  by 
freqiient  urination),  as  found  in  a  num- 
ber of  the  cases  here  presented.  Leh- 
mann,  as  quoted  by  Hamilton  (2),  found, 
in  experimenting  with  cats,  a  decided  va- 
riation of  susceptibility  to  benzol  in  in- 
dividuals, but,  in  all,  signs  of  irritation 
of  mucous  membranes  were  present. 
Rambousek  states  that  the  fumes  of 
benzol  exercise  a  distinctly  irritant  ef- 
fect upon  the  mucous  membrane. 

Xo  mention  of  bladder  irritability  is 
found  in  the  literature,  as  associated 
with  poisoning  either  by  benzol  or  by 
carbon  tetrachloride.  Jaffe  (18)  found 
muconic  acid  in  the  urine  of  dogs  and 
rabbits  which  had  been  fed  for  some  time 
with  benzol.  Brewer  and  "Weiskotten 
(19)  observe  that  it  has  long  been  kno\ra 
that  benzol,  when  taken  into  the  body, 
is  oxidized  at  least  in  part  to  phenols  by 
the  body  tissues,  and  that  an  apprecia- 
l)le  amount  of  these  phenols  is  excreted 
in  the  urine.  "Wlicther  the  elimination 
of  these  agents  in  the  urine  could  ac- 
count for  the  bladder  irritability  ol)- 
servod  in  n  uunibor  of  these  cases  is  un- 
certain. 

Early  J)ia(/ii()sis.- — Wliile  the  labora- 
tory findings  of  Xewton  and  his  prede- 
cessors would  give  the  impression  tliat 
the  leukocyte  count  is  a  dependalile 
means   of  earlv  diagnosis  of   industrial 
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benzol  poisoning,  the  evidence  is  not  yet 
conclusive  on  this  point.  Hektoen's  ex- 
periments (20)  indicate  that  there  are 
certain  exceptions  to  the  rule,  as  far  as 
leukopenia  is  concerned.  At  least,  in 
benzenized  rabl)its  leukopenia  is  not  al- 
Avays  produced,  and  in  dogs  reduction 
takes  place  only  after  hemorrhages  and 
fatty  changes  have  occurred.  At  the 
height  of  antibody  production,  benzol 
appears  to  have  but  little  effect  on  the 
leukocytes  in  the  circulating  blood. 
Furthermore,  were  the  procedure  en- 
tirely reliable,  there  are  many  millinery 
establishments  as  well  as  other  indus- 
trial concerns  which  are  too  small  to 
afford  the  expense  of  repeated  labora- 
tory tests  for  the  discovery  of  early  evi- 
dences of  benzol  toxemia. 

According  to  Thomas  M.  Legge  (21), 
Burnet  (Certifying  Surgeon  for  Edin- 
burgh East)  regards  hemorrhages  from 
the  mucous  membranes  of  the  gums  and 
nose  as  an  early  symptom  of  benzol 
poisoning  and  one  that  can  be  safely 
used  as  a  guide  for  the  purpose  of  ex- 
clusion from  work.  Though  hemorrhage 
from  the  nose  and  mouth  may  be  ac- 
cepted as  a  danger  signal  in  benzol  pois- 
oning, the  question  may  be  raised  as  to 
the  advisability  of  the  general  adoption 
of  this  sign  as  a  sufficiently  early  signal 
for  exclusion  from  work.  Can  we  be  cer- 
tain, for  instance,  in  any  given  case,  that 
earlier  hemorrhage  has  not  been  con- 
cealed in  some  internal  organ  before  its 
external  manifestation?  If  one  may 
draw  any  conclusions  from  the  cases 
here  presented,  in  which  but  one  patient 
showed  any  evidence  of  hemorrhage,  it 
appears  that  well-defined  symptoms  are 
produced  by  benzol  long  before  hemor- 
rhage of  the  nose  and  mouth  is  jaroduced, 
or  before  any  evidences  of  subcutaneous 
capillary  leakage  (purpura)  appear. 
These  early  symptoms  shovild  receive 
more  attention. 


It  is  true  that  in  these  cases  most 
of  the  symptoms  are  subjective  in  char- 
acter, but  in  dealing  with  an  agent  as 
poisonous  as  benzol  some  notice  should 
certainly  be  taken  of  a  set  of  concurrent 
subjective  sTOiptoms  as  similar  as  Avere 
those  here  described,  in  persons  Avorldng 
under  the  same  conditions.  Moreover, 
the  recognition  of  the  early  symi^tomsof 
disease  is  a  most  important  factor  in 
prevention.  It  is  essential,  therefore, 
that  emi^loyers,  safety  men,  and  phy- 
sicians should  haA'e  a  more  general  ac- 
quaintance A\ith  the  early  symptoms  of 
lienzol  poisoning,  so  that  preventive 
measures  may  be  taken  before  serious 
damage  is  done. 

While  benzol  was  manufactured  in  the 
United  States  for  many  years  before 
the  war,  chiefly  by  the  Barrett  Company, 
the  relative  cheapness  of  petroleum  ben- 
zine greatly  restricted  its  use.  The  de- 
mand during  the  Avar  for  the  manufac- 
ture of  American  explosiA'es  and  dyes 
stimulated  the  production  of  benzol  and 
its  homologues.  The  armistice,  as  Dr. 
Hamilton  states,  left  the  producers  Avith 
the  problem  of  finding  neAV  markets  for 
their  products.  That  the  ncAv  markets 
haA'e  been  found  is  shoAvn  by  the  ex- 
penditure of  millions  of  dollars  by  the 
steel  plants  in  the  installation  of  by- 
product coke  oA'ens,  from  Avhich  our  chief 
supply  of  benzol  is  deri\'ed.  Although 
benzol  is  noAV  more  expensive  than  it 
Avas  before  the  Avar,  the  petroleum 
product,  benzine,  judging  from  market 
(juotations,  has  so  greatly  increased  in 
price  that  benzol  can  be  purchased  at 
least  as  cheaply  as  benzine.  The  great 
superiority  of  benzol  oA^er  benzine  for 
many  industrial  purposes  further  ac- 
counts for  the  present  popularity  of 
benzol. 

In  their  report  on  industrial  poisons, 
prepared  at  the  request  of  the  commit- 
tee of  the  International  Association  for 
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Labor  Legislation,  Sonimerfeld  and 
Fischer  (22)  point  out  that  female  work- 
ers, particularly  in  their  developmental 
years  and  especially  at  the  time  of  men- 
struation, are  more  susceptible  to  benzol 
poisoning  than  are  men,  and  are  suscep- 
tible in  an  extraordinary  degree  to  the 
subacute  and  chronic  forms.  The  au- 
thors ad\'ise  the  exclusion  of  women 
from  every  employment  in  which  benzol 
is  used.  Women  are,  nevertheless,  in- 
creasingly exposed  to  benzol  in  Ameri- 
can industry.  To  attempt  to  prohibit  its 
use  on  account  of  the  effect  on  some 
individuals  seems  to  be  out  of  the  ques- 
tion. Efforts  might  better  be  directed 
toward  educating  employers  and  others 
responsible  for  factory  conditions  to  the 
importance  of  adequate  general  ventila- 
tion of  workrooms  where  benzol  is  used, 
and  to  the  early  symptoms  of  poisoning 
l)y  it.  Great  caution  should  be  observed 
in  using  it  in  closely  contined  quarters. 
Its  utility  in  millinery  cement  depends 
largely  upon  its  rapid  and  complete  va- 
porization. It  is  probable  that  local  ex- 
haust ventilation  is  not  so  feasible  as 
dilution  by  adequate,  general  forced  ven- 
tilation, the  air  being  exhausted  from 
workrooms  preferably  through  openings 
or  gratings  in  the  floor.  The  production 
of  toxic  sATnptoms  in  laboratory  animals 
(rabbits,  dogs,  and  cats)  exposed  to  ben- 
zol fumes  in  concentrations  of  2.-t  to  5.7 
parts  per  100,000  of  air  (Rambousek), 
as  well  as  observations  on  man,  suggests 
the  advisability  of  not  permitting  benzol 
fumes  to  accumulate  in  workrooms  to  an 
extent  greater  than  1  part  per  100,000 
of  air. 

Instructions  regarding  ventilation 
should  be  printed  on  the  label  of  every 
container  holding  benzol  in  any  quantity 
which  might,  under  unfavorable  condi- 
tions, cause  symptoms.  The  manufac- 
turer of  the  cement  in  question  has 
kindly  agreed  to  place  such  iiisl ructions 


on    all    labels    printed    in    the    future. 

Many  brands  of  cement  are  on  the 
market.  Besides  millinery  cement,  there 
are  cements  designed  to  secure  rubber 
to  rubber,  leather  to  leather,  and  rubber 
to  leather,  and  there  are  numerous  fabric 
cements.  It  is  probable  that  most  of  the 
superior  ones  depend  upon  the  solvent 
action  of  benzol  and  its  rapid  vaporiza- 
tion when  once  applied.  Careful  analy- 
sis of  one  sample  yielded  benzol  forming 
-t9.5  per  cent,  by  volume  of  the  total  sol- 
vent, and  analysis  of  another,  76  per 
cent.  One  sample  claimed  by  the  agent 
to  be  of  inferior  quality  contained  no 
benzol,  the  solvent  consisting  entirely  of 
petroleum  ether  (high  test  gasoline). 
Still  another  brand  contained  only  8 
per  cent,  of  benzol,  the  remainder  of  the 
solvent — 92  per  cent. — consisting  of  the 
poisonous  solvent,  carbon  bisulphide. 

It  is  doubtful  whether  the  occasional 
use  of  benzol  cements  is  injurious  to 
health,  liut  when  their  use  becomes  more 
or  less  continuous,  especially  in  confined 
quarters  and  with  the  absence  of  abun- 
dant ventilation,  toxic  symptoms  may  be 
expected,  and  should  be  recognized  be- 
fore advanced  tissue  changes  develop. 

SVMMAEY 

My  objects  in  presenting  this  article 
are : 

1.  To  direct  attention  to  the  impor- 
tance of  such  early  and  relatively  mild 
symptoms  of  benzol  intoxication  as  irri- 
tation of  the  mucous  membrane  of  the 
ujjper  respiratory  tract,  nausea,  vomit- 
ing, burning  sensation  in  the  epigas- 
trium, frequent  urination,  giddiness, 
slight  air  huugi'i-,  and  weakness.  These 
symptoms  have  a  tendency  to  grow 
worse  after  an  affected  person  leaves 
the  almosphere  of  the  factory. 

2.  To  point  out  the  bearing  on  indus- 
trial licaltli  of  the  increased  use  of  ben- 
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zol  afforded  by  its  combination  with  car- 
bon tetracldoride  in  a  non-inflammable 
mixture. 

3.  To  direct  attention  to  the  impor- 
tance of  safeguards  for  the  protection 
of  employees,  especially  women,  who 
handle  benzol. 

■1.  To  urge  the  advisability  of  print- 
ing in  conspicuous  type  on  the  label  of 
ever}'  container  holding  benzol  a  caution 
concerning  the  importance  of  adequate 
ventilation  in  places  where  benzol  is 
used. 

5.     To    assemble    a    fairly    complete 


bibliography  on  the  systemic  effects  of 
carbon  tetrachloride. 

On  account  of  the  rapidity  with  which 
benzol  vaporizes  and  the  difficulty  of 
confining  its  application  to  a  small  area, 
at  least  in  the  millinery  industry,  efficient 
exhaust  ventilation  should  be  carefully 
studied.  It  is  probable  that  local  ex- 
haust ventilation  is  not  so  feasible  or  re- 
liable in  many  processes  as  dilution  by 
means  of  forced  general  ventilation,  the 
air  being  removed  from  the  workroom  in 
a  downward  direction  through  floor 
gratings. 


BIBLIOGRAPHY 


SeHiiig,  L. :  .\  I'reliminaiy  Report  of  Some 
Cases  of  Purpura  Haemorrhaglca  Due  to  Ben- 
zol Poisoninj;.  Bull.  Johus  Hopkins  Kosp., 
1910,  21,  33. 

Hamilton,  A. :  The  Growing  Menace  of  Ben- 
zene (Benzol)  Poi.souing  in  American  Indus- 
try, .lour.  Am.  Med.  Assn.,  1S122.  78,  li27. 
Hubbard,  S.  D.,  and  Kefauver,  C.  K. :  Condi- 
tions Affecting  Health  in  the  Millinery  Indus- 
try. Bull.  New  Yorlv  City  Dept.  Health.  1920, 
W,  81. 

Sury-Bienz :  Tudtliche  Benzoldampfyergiftung. 
Vrtljhrschr.  f.  geriehtl.  Med.,  ISSS,  49,  13S. 
Beinhauer,  F. :  Leber  Benzolvergiftung,  sowie 
iiber  die  Betheiligung  der  Medicinalbeamten 
be;  Begutaehtung  von  Xeuanlagen  und  Veriind- 
erungen  gewerliliclier  Anlagen.  Miinchen.  med. 
Wehnschr.,  ISOG,  .}J,  915. 

Weisliotten.  H.  (J.,  (iilibs,  C.  B.  F.,  Boggs,  K. 
O.,  and  Templeton,  E.  R. :  The  Action  of  Ben- 
zol. VI.  Benzol  Vapor  Leucopenia  (Rabbit). 
Jour.  Med.  Research,  1SU9-1920,  U,  437. 
U.  S.  Dispensatory,  Nineteenth  Edition  Re- 
vised. 1907,  pp.  1447-1148. 
Colman,  H.  C. :  A  Dangerous  Dry  Shampoo. 
Lancet,  1907,  1,  1709. 

A  Fatal  Shampoo.  Jour.  Am.  Med.  Assn., 
1909,  53,  392. 

Waller,  A.  D..  and  Veley,  V.  H. :  The  Relative 
Toxicity  of  Chloroform  (CHCI3)  and  of  Car- 
bon Tetrachloride  (CCl,).  Lancet,  1909,  2, 
369. 

Rambouselv,  J. :  Industrial  Poisoning  from 
Fumes,  Gases  and  I'oisons  of  JIanufacturing 
Processes.  Translated  by  T.  M.  Legge.  Lon- 
ilon.  Edward  Arnold,  1913,  pp.  34  and  208. 
AUisi.n,  V.  ('..  and  Katz.  S.  H. :  An  Investiga- 
tion of  Stenches  and  Odors  for  Industrial  Pur- 


poses.    Jour.   Indust.  and  Eugin.  Chem.,  1919, 
11,  336. 

13.  Lewin.  L. :  L'eber  giftige  Extralitions  Mittel 
fiir  Fette,  Wachse,  Harze  und  andere  iihnliche 
Wasserunlosli'che  Stoffe.  Ztschr.  der  deutsch. 
dl-  und  Fett-Ind.,  1920,  .',0,  421. 

14.  Fieldner.  A.  C,  Katz.  S.  H.,  and  Kinney,  S.  P. : 
Gas  MasliS  for  Gases  Met  in  Fighting  Fires.  tJ. 
S.  Bur.  Mines,  Tech.  Paper  No.  248,  1921. 

15.  Hall.  M.  C. :  The  f'se  of  Carbon  Tetrachlorid 
for  the  Removal  of  Hookworms.  Jour.  Am. 
Med.  Assn.,  1921,  77,  l(i41. 

16.  Foster,  M.  H. :  Preliminary  Report  on  Carbon 
Tetrachloride  ^'apor  as  a  Delousing  Agent.  U. 
S.  Pub.  Health  Ser..  Puli.  Health  Rep.,  191S. 
33,  1823. 

17.  Newton,  C.  R. :  Industrial  Blood  Poisons.  Jour. 
Am.  Med.  Assn.,  1920,  11,,  1149. 

18.  Jafife,  M. :  Ueber  die  Autspaltung  des  Benzol- 
rings  im  Organismus.  1.  Mitterlung.  Das 
Auftreteu  von  Muconsiiure  im  Harn  nach  Dar- 
reichung  von  Benzol.  Ztschr.  f.  physiol.  Chem.. 
1909,  62,  58.  Reviewed  in  Chem.  Abstr.,  1910,  //, 
1051. 

19.  Brewer,  R.  K.,  and  Weiskotten,  H.  G. :  The 
Action  of  Benzol.  III.  The  Urinary  Phenols 
with  Special  Reference  to  the  Diphasic  Leu- 
copenia. Jour.  Med.  Research,  1916-1917,  30, 
71. 

20.  Hektoen,  L. :  The  Effect  of  Benzene  on  the 
Production  of  Antibodies.  Jour.  Infect.  Dis., 
1916,  19,  69-84. 

21.  Legge,  T.  M. :  Chronic  Benzol  Poisoning.  This 
Jour.,  1919-1920.  /,  .t4(). 

22.  Sommerfeld,  T..  and  Fischer,  R. :  List  of  In- 
dustrial Poisons  and  Other  Substances  In- 
jurious to  Health  Found  in  Industrial  Pro- 
cesses. Translated  by  W.  II.  Rand.  U.  S.  I'.ur. 
Labor.  Bull.  No.  100,  Wasliingfon,  1912. 


DIAGNOSIS  AND   SUPERVISION  OF  INDUSTRIAL  DISEASES 
IN  GERMANY* 

LuDwiG  Teleky,  M.D. 

Lan(lesgctcerbcar:t.   Diisscldorf 


AT  the  cradle  of  every  modern  move- 
ment for  indnstrial  hygiene  have 
stood  physicians.  In  England  in  1796 
Dr.  Percival  called  attention  to  the 
fearful  consequences  of  child  labor  and 
gave  impetus  to  the  first  English  child 
labor  laws.  Likewise  in  Prussia  thirty 
years  later,  it  was  the  reports  of  the 
military  surgeons  on  the  decline  in  mili- 
tary fitness  of  the  inhabitants  of  the 
Rhenish  industrial  districts,  which  led 
to  the  first  Prussian  child  labor  laws 
(1839).  For  the  administration  of  these 
laws  local  police,  teachers,  and  clergy 
were  responsible.  Not  until  the  law^  of 
1853  was  provision  made  that,  when 
necessary,  supervision  should  be  carried 
out  by  factory  inspectors.  In  England 
similar  law^s  led  to  the  extensive  co- 
operation of  physicians  in  industrial 
supervision,  inasmuch  as  the  apparent 
age  of  the  children  could  be  legally 
established  only  by  a  medical  certificate. 
In  Prussia  and  Germany,  where  the 
Civil  Registry  was  already  highly 
organized,  proof  of  age  followed  upon 
presentation  of  certificates  of  birth  and 
baptism. 

Although  the  earliest  instructions  for 
factory  inspectors  emphasized  the 
necessity  for  hygienic  supervision  of 
workrooms,  nevertheless  the  control  of 
child  labor  (which  alone  was  regulated 
by  law)  was  entirely  a  police  measure, 
particularly  as  the  first  factory  inspec- 
tors were  minor  police  officials.  As 
technical  science  advanced,  accident 
prevention  assumed  (he  more  iin])()rtan1 
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place,  and  as  a  result  technical  men 
were,  for  the  most  part,  apioointed 
inspectors.  The  present  Prussian  regu- 
lations regarding  the  training  of  fac- 
tory inspectors  (dating  from  1891) 
require  that  all  applicants  pass  a  state 
examination  as  engineer  or  chemist. 
This  requirement  naturally  excludes 
physicians  from  inspection  of  factories. 
The  local  health  official,  the  district 
physician,  has  not  the  right  to  make 
factory  visits  on  his  own  authority,  but 
must  communicate  with  the  factory 
inspection  officials.  In  the  sanctioning 
of  new  factory  projects  he  is  obliged  to 
assist  in  the  examination  of  the  speci- 
fications, Init  he  can  visit  the  proposed 
site  for  this  purjiose  only  on  official 
invitation.  At  the  same  time  he  is  so 
Imrdened  with  other  official  duties  that 
his  activity  in  the  field  of  industrial 
hygiene  must  be  extremely  limited. 
This  explains  the  fact  that  while  fac- 
tory construction  and  accident  preven- 
tion have  made  enormous  progress  in 
Germany,  thanks  to  the  tireless  efforts 
of  technical  insjoectors,  and  particularly 
in  the  Rheinlands  have  reached  a  height 
which  is  not  equaled  in  Austria,  Bel- 
gium or  Italy,  and  which,  so  far  as  I 
can  deduce  from  the  literature,  is  not 
sni-passed  in  any  other  country,  nover- 
Ihcless,  industrial  diseases  liave  not 
received  the  consideration  wliich  unfor- 
tunately they  demand. 

It  is  in  Ihe  supervision  of  occupa- 
tions which  are  hazai'dous  to  health 
that  pliysicians  can  least  of  all  be  dis- 
pensed with;  their  services  have  always 
l)een  re(iiiiiiMi.  altliongh  hitherto  to  an 
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insufficient  degree.  As  long  ago  as  1847 
the  Middle  Frankisli  Government  (Ba- 
varia) requested  tlie  municipal  council 
of  Fiirtli,  the  center  of  the  mercury 
mirror  industry,  to  co-operate  with  the 
government  physician  and  the  factory 
owners  in  establishing  protective  meas- 
ures against  the  harmful  action  of  mer- 
cury on  the  health  of  the  workers.  This 
resulted  in  the  issuing  of  an  order  by 
the  municipal  council,  in  1853,  that  no 
one  without  an  official  medical  certifi- 
cate shoiald  be  accepted  as  a  worker  in 
a  mirror  quicksilvering  establishment; 
in  addition,  the  government  ordered  that 
the  workers  in  these  plants  should  be 
given  a  medical  examination  every 
three  months,  and  that  health  instruc- 
tion should  be  provided  by  government 
physicians.  In  1858  employers  were 
made  responsible  for  the  keeping  of  an 
accurate  record  of  workers  entering 
and  leaving  their  employ.  A  move  in 
a  somewhat  different  direction  was  the 
ordinance  of  1877  issued  by  the  chief 
of  police  on  the  occasion  of  the  estab- 
lishment of  a  mirror  silvering  factory 
in  Berlin.  This  ordinance  required  that 
the  factory  owner  refer  his  worlnnen  to 
a  definite  physician  for  regular  care 
and  continuous  observation,  and  that 
sickness  records  be  kept. 

Thus  were  laid  the  foundations  for 
medical  super\asion  which,  in  the  fol- 
lowing years,  was  prescribed  for  a 
number  of  occupations  hazardous  to 
health  (match  factories  in  Prussia,  May 
13,  1884;  lead  paint  and  lead  acetate 
factories  in  Prussia,  April  12,  1886 ;  and 
mirror  factories  in  Prussia  and  Bav- 
aria in  1889).  In  these  trades  the 
employment  of  workers  is  permitted 
only  on  the  presentation  of  a  medical 
certificate  of  health.  Moreover,  the 
employer  is  required  (1)  to  entrust  the 
supervision  of  the  health  of  his  em- 
ployees to  a  physician,  Avhose  name  is 


to  be  sent  to  the  industrial  supervision 
officers  and  who  at  regular  prescribed 
intervals  shall  inspect  the  employees; 
and  (2)  to  keep  a  record  of  men  enter- 
ing and  leaving  his  employ,  of  sickness, 
and  the  results  of  the  periodic  examina- 
tion of  every  workman. 

The  unsatisfactory  aspect  of  these 
regulations  lies  in  the  fact  that  it  is  a 
physician  engaged  by  the  employer  to 
whom  the  supervision  of  the  workers' 
health  and,  indirectly,  the  hygienic  con- 
dition of  the  manufacturing  processes 
are  entrusted.  Dismissal  of  workmen 
from  the  factory  and  significant  entries 
in  regard  to  unfavorable  health  condi- 
tions attract  the  attention  of  the  gov- 
ernment industrial  inspectors;  and  this 
results  in  further  hygienic  regulation. 
It  is  thus  easy  to  understand  why  many 
an  employer  prefers  a  physician  who 
notices  little  that  is  unfavorable,  and 
Avho  makes  his  examinations  and  en- 
tries perfunctorily,  merely  to  satisfy 
the  legal  requirements ;  and  why,  on  the 
other  hand,  a  conscientious  i^hysician 
sometimes  makes  himself  unpopular 
with  his  employer. 

In  order  to  assure  government 
authorities  a  certain  influence  over  the 
employment  of  the  examining  physi- 
cian, later  legislation  (first  in  1905  in 
a  regulation  regarding  lead  smelters) 
required  that  the  examination  be  en- 
trusted bv  the  employer  to  a  phvsieian 
authorized  for  that  purpose  by  the 
government,  whose  name  must  be 
reported  to  the  government  indus- 
trial super\asion  officers.  In  the 
latest  law  (relating  to  lead  color 
works,  January  27,  1920)  a  further 
step  has  been  taken:  "Authorization  is 
granted  only  when  the  physician  has 
obligated  himself  to  carry  out  the  in- 
structions prepared  by  the  Ministry  of 
Labor,"  and  "if  the  employer  Avishes 
to  discharge  a  physician  entrusted  with 
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the  si^pervisiou  of  his  employees' 
health,  he  must  first  file  a  notice  with 
the  state  authorities  gi^dng  his  rea- 
sons." This  seems  a  further  step 
toward  making  the  examining  physician 
somewhat  more  independent  of  his 
employer;  and  it  is  to  be  hoped  that 
the  work  will  soon  be  carried  on  by 
physicians  who  are  entirely  inde- 
pendent. 

Medical  supervision  of  employees  (in 
addition  to  physical  examinations  on 
entry)  is  at  the  present  time  prescribed 
for  the  f olloAving  industries : 

Lead  smelters,  at  least  ouee  a  mouth  Uaw 
of  Jime  16,  1905). 

Zinc  smelters  and  ziuc  roasting  furnaces, 
at  least  once  a  month  (December  13,  1912). 

Storage  battery  plants,  at  least  ouee  a 
month  (May  16,  1908). 

ilauufacture  of  alkaline  chromates,  at 
least  once  a  month   (May  16,  1907). 

Nitro  and  amido  compounds,  preparation 
or  recovery,  at  least  once  a  month    (1911). 

Thomas  slag,  at  least  once  a  month  (July 
:i,  1909,  and  December  23,  1911). 

Preparation  of  lead  colors  and  other  lead 
compounds,  at  least  twice  a  mouth  (Janu- 
ary 27.  1920). 

Painters  and  paint  «-orkers  iu  connection 
with  other  industrial  processes,  at  least 
every  half  year  (June  27,  190.5). 

Vulcanizing  of  rubber  goods,  at  least  once 
a  month  (March  1,  1902). 

There  has  been  a  further  step  in 
another  direction  in  requiring  medical 
co-operation.  In  certain  factories,  be- 
fore the  admission  of  young  persons — 
at  least  to  certain  processes — ^medical 
opinion  as  to  their  fitness  for  the  work 
is  required.  Here,  too,  it  is  a  physician 
engaged  by  the  employer  who  decides 
whether  young  persons  shall  be  allowed 
to  engage  in  the  work,  and,  if  so,  which 
applicants  are  fitted  for  employment. 
]\redical  examination  before  employ- 
ment in  factories  or  in  particular  proc- 
esses is  prescribed  as  follows: 


For  girls  of  16  to  18  years  of  age  before 
employment  iu  collieries,  zinc  and  lead  ore 
works,  and  coke  works  in  the  Oppeln  dis- 
trict (under  certain  conditions).  (Decrees 
of  March  21,  1892,  March  20,  1902,  and  April 
12,  1907.) 

For  yoxmg  male  applicants  for  work  in 
collieries  (under  certain  conditions).  (I\larch 
7,   1913.) 

For  young  male  applicants  for  work  in 
rolling  mills  and  forges  (under  certain  con- 
ditions).    (May  20,  1912.) 

For  young  male  applicants  for  work  in 
certain  processes  in  glass  furnaces,  glass 
polishing  and  glass  etching  plants.  (March 
9,  1913.) 


It  should  here  be  stated  that  the  great 
chemical  establishments  of  Germany 
have  installed  in  their  plants  physicians 
who,  having  the  opportunity  to  study 
the  diseases  occurring  in  that  industry, 
have  thereby  acquired  an  intimate 
acquaintance  with  the  rarer  forms  of 
industrial  disease,  and  have  enriched 
the  German  literature  on  the  subject 
through  munerous  valuable  contribu- 
tions. 

The  industrial  supervision  officers 
frequently  publish  information  about 
the  prevailing  industrial  diseases,  based 
on  the  above-mentioned  records.  As  far  ■ 
as  one  can  generalize  from  particular 
cases,  however,  the  figures  given  must 
be  lower  than  the  actual  number.  Take 
for  example  an  investigation  by  the  dis- 
trict physician  at  Kattowitz,  in  1909, 
into  the  physical  condition  of  workers 
in  zinc  smelters.  He  examined  the 
working  personnel  of  smelters  where 
no  cases  of  sickness  had  been  reported 
for  several  years,  and  found  symptoms 
of  lead  poisoning  in  20.5  per  cent,  of 
tiio  wdi'kers  examined.  Through  ques- 
tious  lie  was  able  to  elicit  little  specific 
iiifdi-iuation    about    cailicr    sickness,   as 
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the  workers  interviewed  were  appar- 
ently fearful  that  if  they  gave  too 
detailed  answers  they  might  lose  their 
IDositions,  and  conseqi;enth'  were  reluc- 
tant to  answer. 

For  many  years  the  figures  of  the 
industrial  inspectors  have  been  based 
on  the  cases  reported  to  them  by  the 
sickness  insurance  oSices.  Sickness 
insurance  for  workmen  has  been  com- 
pulsory in  Germany  since  1884.  The 
changes  effected  in  the  sickness  insur- 
ance law  by  the  State  Insurance  Law 
make  it  obligatory  for  the  presidents 
of  sickness  insurance  offices  to  furnish 
the  industrial  supervisors,  on  request, 
information  in  regard  to  the  number 
and  character  of  the  diseases  which 
they  have  recorded.  Although  this  law 
did  not  go  into  effect  until  January  1, 
1914,  as  early  as  1912  the  Prussian  in- 
dustrial supervisors,  on  the  basis  of  a 
ministerial  decree,  applied  to  the  sick- 
ness insurance  offices  for  information, 
and  requested  the  reporting  of  cases  of 
poisoning  by  lead,  mercury,  arsenic,  and 
phosphorus.  Bavaria  went  further  and 
required  the  reporting  of  a  number  of 
other  poisons.  It  is,  however,  generally 
acknowledged  that  the  notifications  are 
incompletely  made  and  that  they  con- 
tain a  large  number  of  errors  in  diag- 
nosis. Consequently,  we  must  accept 
the  figures  from  these  sources  with  a 
great  deal  of  hesitancy. 

At  this  point  some  data  for  the  year 
1912  will  be  given  since  conditions 
were  considerably  changed  during  the 
war  as  a  result  of  various  circum- 
stances— namely,  the  lack  of  lead  com- 
pounds, the  greater  preoccupation  of 
physicians  with  other  tasks,  the  absence 
on  military  duty  of  a  number  of  factory 
inspectors,  and  the  imposition  op 
the  others  of  tasks  made  necessary  by 
war  conditions.  According  to  the  la- 
test reports  which  are  available,  condi- 


tions have  not  yet  returned  to  nurmal. 
In  1913,  however,  the  reports  contained 
but  few  data  on  industrial  poisoning  be- 
cause an  unusually  full  report  on  the 
subject  Avas  made  in  1912.  The  Bavarian 
district  industrial  physician  —  whose 
services  I  shall  mention  later — sent  out 
a  questionnaire  to  the  various  hospitals 
in  Bavaria  for  the  purpose  of  securing 
a  report  of  cases  of  industrial  poison- 
ing. The  replies  reported  126  cases  of 
lead  poisoning  in  painters,  1  case  of 
mercury  poisoning,  9  cases  of  arsenic 
poisoning,  238  cases  of  eczema,  and  375 
cases  with  symptoms  of  fatigue  or 
exhaustion  (deformities,  tenosyno\-itis). 
In  the  last  four  months  of  the  year, 
since  the  introduction  of  compulsory 
reporting,  the  Bavarian  sickness  insur- 
ance offices  reported  170  cases  of  lead 
poisoning,  4  of  poisoning  with  benzine, 
lienzol,  and  carbon  disulphide,  and  IG 
cases  of  poisoning  with  nitro  and  amido 
comjoounds.  In  the  Potsdam  district 
(Prussia),  138  cases  of  lead  poisoning 
were  reported  to  the  industrial  super- 
visors. Fifty-five  cases  of  lead  colic 
and  paralysis  were  reported  among  the 
zinc-smelter  workers  of  the  Oppein  dis- 
trict, and  33  cases  among  lead-smelter 
workers.  In  the  lead  industries  of  the 
Wiesbaden  district  there  were  153  cases 
of  poisoning,  of  which  108  occurred  in 
smelters ;  in  the  Diisseldorf  district  3 
cases  Avere  reported  among  a  total  of 
644  zinc-smelter  workers,  and  8  cases 
among  a  total  of  648  lead  workers. 
Among  763  workers,  the  average  num- 
ber employed  during  the  year  in  the 
lead  jjaint  factories  of  the  Cologne  dis- 
trict, 126  cases  of  sickness  due  to  lead 
occurred.  From  Saxony  148  cases  of 
lead  poisoning  were  reported.  I  have 
selected  only  a  few  figures  from  the 
reports ;  further  enumeration  would  be 
tiresome  as  would  also  accounts  of  in- 
dividual cases   of  poisoning  with  sub- 
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stances  other  than  lead.  Francke 
states  that  in  the  short  fraction  of  the 
year  1912  for  which  the  sickness  insur- 
ance offices  made  their  returns,  in  spite 
of  the  incompleteness  of  the  reports, 
1,119  eases  of  lead  poisoning  (lead  line, 
or  suspicious  cases  not  included)  came 
to  the  notice  oi  the  industrial  super- 
vision officers  as  compared  with  174  in 
1911.  and  93  in  1910.  Subsequently  564 
cases  were  reported  for  1911  and  526 
for  1910,  making  the  totals  for  these 
two  years  738  and  619,  respectively. 

The  only  industrial  disease  which  has 
been  reportable  universally  throughout 
Germany  (not  only  actual  cases  of  the 
disease  but  suspected  cases  as  well), 
and  for  the  reporting  of  which  the 
physician  giving  treatment  is  respon- 
sible, is  anthrax.  (Law  in  regard  to  the 
control  of  communicable  diseases  in 
effect  June  30,  1900.)  In  its  industrial 
origin  it  is  included  in  the  term  "Acci- 
dent," and  it  has  been  considered  an 
industrial  injury  and  has  been  compen- 
sable under  workmen's  accident  insur- 
ance legislation  operative  since  1884. 
The  Imperial  Insurance  Law  of  1911 
gave  the  imperial  councillor  (now  Min- 
ister of  Labor)  the  right  to  extend  acci- 
dent insurance  to  include  certain  indus- 
trial diseases.  By  the  decree  of 
()ctol)er  12,  1917,  the  award  of  insur- 
ance and  pensions  to  dependents  in 
cases  of  fatal  poisoning  by  aromatic 
nitro  compounds — the  chief  poisons  of 
the  war  industries — was  allowed,  and 
thereby  a  partial  equality  of  these  dis- 
eases with  accidents  Avas  attained. 

The  introduction  of  ol)ligatory  re- 
porting of  industrial  diseases  is  at  pres- 
ent under  discussion,  and  is  being 
studied  by  the  Central  Government. 
Tlie  Institute  of  Industrial  Hygiene  at 

iKnincke.  E. :  Dip  frpwei-hliflicn  Mptallv(>r.!.'ift- 
iingen  in  Preussen  nach  dem  Jnhresbericlit  der 
Oowerbeaufsicht  fiir  1012.  Zontrall)!.  f.  Gewer- 
beliyg.,  1913,  1,  392. 


Frankfort-am-Main  has  published  a 
questionnaire  on  the  subject  worked  up 
by  Francke  and  Bachfeld  (Berlin, 
Julius  Springer,  1921).  Opinions  are 
widely  divergent;  one  group,  especially 
the  representatives  of  the  AvorJmien, 
seeks  compulsory  notification,  while 
others — and  I  myself  am  of  this  group 
— have  serious  doubts  as  to  the  advis- 
ability of  such  a  measure.  We  fear  — 
and  not  unjustly,  I  believe. — that  incom- 
plete reporting  of  industrial  diseases 
A\ill  lead  to  an  undervaluation  of  the 
frequency  and,  consequently,  of  the  sig- 
nificance of  these  diseases.  The  main 
difficulty,  however,  is  that  examination 
of  the  reported  cases  and  confirmation 
of  the  diagnosis  must  take  place,  if  in- 
dustrial hygienic  measures  are  to  be 
founded  on  the  reports ;  and  yet  this  is 
only  possible  when  there  exists  a  suf- 
ficient number  of  authorized  physicians 
experienced  in  dealing  with  industrial 
diseases,  who  by  virtue  of  their  train- 
ing are  in  a  position  to  draw  conclu- 
sions as  to  the  hygienic  measures  neces- 
sary, and  to  recommend  improvements 
in  processes  or  in  safetj'  devices.  It  is 
not  merely  a  matter  of  industrial 
hygiene  in  its  narrower  sense;  indus- 
trial diseases,  in  the  oinnion  of  many, 
should  be  compensated  in  the  same  way 
as  industrial  accidents.  Out  of  common 
justice  and  in  accordance  with  the  prin- 
ciple of  compensation  for  loss  of  work- 
ing power  due  to  dangerous  occupa- 
tions, Avhich  is  the  basis  of  accident  in- 
surance, this  opinion  seems  to  be  well 
founded.  (Compare  my  report  to  the 
International  Workmen's  Insurance 
Congress  in  Rome,  1908.)  The  placing 
of  industrial  diseases  on  a  basis  with 
accidents  presupposes,  however,  that 
the  diagnosis  be  confii'med  as  soon  as 
possible,  particularly  in  cases  of  acute 
illness,  for  if  confirmation  of  the  diag- 
nosis is  dcrci'i-cd  nulil  some  latrr  liiiio. 
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the  facts  of  the  case  can  rarely  be  estab- 
lished. In  order  to  make  the  early  con- 
firmation of  the  diagnosis  possible, 
therefore,  a  large  staff  of  physicians 
trained  in  industrial  diseases  is  neces- 
sary. 

Although  many  suppose  that  compul- 
sory reporting  of  industrial  diseases 
will  pave  the  way  for  equal  treatment 
of  diseases  and  accidents  before  the 
law,  I  am  of  the  opposite  opinion.  It  is 
only  legal  equality  that  will  be  sufficient 
reason  for  compulsory  reporting.  Who 
will  be  interested  in  carrying  out  the 
notification  if  no  one  derives  any  imme- 
diate profit?  The  employer  will  always 
find  notification  a  hardship  on  account 
of  the  possible  change  in  his  manufac- 
turing system  which  may  result  from 
it;  the  workman  will  not  be  interested 
because  it  may  often  cause  him  to  be 
temporarily  inconvenienced  through  ex- 
clusion from  his  Avork;  to  the  physician 
it  is  only  a  nuisance.  If,  then,  there  is 
no  one  who  has  any  interest  in  the  prep- 
aration of  the  report,  it  will  not  infre- 
quently be  neglected.  It  is  different 
when  the  workman  knoAvs  that  a  legal 
claim  can  be  founded  on  the  notifica- 
tion ;  then  he  will  take  care  that  the  noti- 
fication is  carried  out.  As  I  have 
already  stated,  however,  there  must  be 
on  hand  an  experienced  physician  w^ho 
can  immediately  confirm  the  diagnosis. 

I  have  explained  that  inspection  of 
factories  in  Prussia,  and  in  almost  all 
other  parts  of  Grermany  as  well,  has 
until  recently  been  exclusively  in  the 
hands  of  engineers.  The  number  of 
physicians  active  in  factory  inspec- 
tion in  Germany  is  very  small.  Wiirt- 
emberg,  in  1905,  and  Alsace-Lorraine, 
in  1906,  assigned  to  a  health  officer  in 
the  public  employ  the  duty  of  hy- 
gienic adviser  to  the  industrial  super- 
vision office.  In  1906  Baden  had  a 
■  physician,    Dr.    Holtzmann,    who    was 


factory  inspector  in  charge  of 
the  common  factory  inspection 
and  who,  in  addition,  filled  the  po- 
sition of  medical  adviser  to  the  fac- 
tory inspection  service.  In  1912  ho  was 
appointed  Chief  Official  Industrial 
Physician.  In  1909  Bavaria  appointed 
Dr.  F.  Koelsch  state  industrial  physi- 
cian and  his  sphere  of  acti\dty  has  ex- 
tended throughout  the  whole  country 
and  over  all  factories  subject  to  the 
Industrial  Supervision  Office.  He  is  ex- 
pert adviser  of  the  government  and  the 
supervision  office;  he  co-operates  in  the 
enforcement  of  workmen's  protection 
laws  by  rcAdsion  of  industrial  proc- 
esses, and  by  organization  and  super- 
vision of  the  examining  physicians. 
Further  belonging  to  his  duties  are  in- 
vestigations in  industrial  hygiene  in 
preparation  for  new  laws  and  regula- 
tions, scientific  work,  examination  of 
groups  of  workers  and  laboratory  work. 
In  the  thirteen,  years  of  his  activity  in 
science  and  in  practice,  he  has  accom- 
plished a  vast  amount.  In  spite  of  the 
excellent  results  obtained  in  Bavaria, 
not  until  1920  did  another  German  state, 
Saxony,  appoint  a  state  industrial  phy- 
sician. Dr.  Tliiele.  Recently,  however, 
Prussia  has  come  to  the  fore  by  naming 
five  state  industrial  physicians  whose 
authority  and  Avhose  duties  will  be  simi- 
lar to  those  of  the  Bavarian  state  indus- 
trial physician.  As  the  first  of  these, 
I  liegan  my  work  four  months  ago. 

If  industrial  diseases  are  to  be  really 
understood  and,  through  an  under- 
standing of  them,  a  basis  for  their  pre- 
vention established;  if  compulsory  re- 
porting is  to  be  carried  out  in  a  satis- 
factory manner;  and  if  an  identical 
handling  of  industrial  diseases  and 
accidents  is  to  be  brought  about,  then 
development  of  medical  co-operation  in 
the  field  of  industrial  hygiene  and  of 
industrial  supervision  must  be  extended 
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in  at  least  two  directions  for  which  the 
foundations  already  mentioned  exist  in 
Germany:  (1)  increase  in  the  number 
and  the  independence  of  examining 
physicians,  to  whose  care  is  entrusted 
the  supervision  of  the  health  of  work- 
ers in  the  various  hazardous  industries; 


and  (2)  increase  in  the  number  of  phy- 
sicians employed  in  actual  industrial 
supervision.  This  is  the  preliminary 
step  toward  all  further  progress  in  this 
field,  and  it  seems  now  as  if  this  pro- 
gress would  be  made  possible  in  the 
near  future. 
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Mercueialism 

"■  I  "HE  descriptions  of  industrial  mer- 
-*■  curialism  as  found  in  the  textbooks 
cannot  be  applied  to  the  disease  as  seen 
in  hatters  mthout  some  moditication, 
for  these  descriptions  are  based  on 
studies  of  trades  in  which  the  exposure 
to  mercury  is  greater  and  the  form  of 
poisoning  more  intense  and  rapid.  Such 
trades  are  mercury  mining,  backing  mir- 
rprs  with  mercury,  fire  gilding,  and  man- 
ufacturing mercurial  compounds.  The 
hatter  is  exposed  for  many  years  to 
very  small  quantities  of  mercury,  and 
the  form  of  intoxication  produced,  ex- 
cept in  very  bad  shops,  is  slow  to  develop 
and  lacking  in  some  of  the  more  striking 
manifestations  of  typical  chronic  mer- 
curialism. 

Si/i)ipto»is 

Mouth. — According  to  Tylecote  (1), 
the  most  characteristic  findings  in  the 
mercurialism  of  hatters  are  in  the 
mouth,  although  in  a  typical  case  there 
is  little  or  no  salivation.  Six  out  of 
■eight  of  Taylor's  (2)  cases  had  no  sali- 
vation, and  Monti  (3)  thinks  that  dry- 
ness of  the  mouth  is  usual,  with  perhaps 
an  occasional  attack  of  salivation.  Tel- 
eky  (4)  says  that  mercurialism  in  hat- 
ters is  characterized  by  tremor  without 
■salivation.  Gilbert  (5)  also  believes  that 
an  excessive  secretion  of  saliva  is  un- 
usual in  this  form  of  industrial  mercur- 
iaUsm.  All  of  the  five  severe  cases  de- 
scribed by  Adler  (6)  had  profuse  saliva- 

*  Received  for  publication  March  2,  1922. 


tion,  but  it  is  rare  to  find  so  rapidly 
developing  and  extreme  a  form  of  in- 
toxication in  this  trade  as  was  shown 
by  his  cases. 

The  odor  of  the  breath  is  said  to  be 
recognizable  by  the  expert  and  is  usually 
described  as  metallic,  but  in  serious 
cases  it  may  be  fetid.  Often  the  gums 
are  spongy,  redder  than  normal,  and 
bleeding  easily.  The  tongue  is  described 
by  Tylecote  as  large,  dove-colored  or 
silvery,  flabby,  and  showing  indentations 
from  the  teeth.  Sommerbrodt  (7)  says 
that  an  early  sign  is  the  appearance  of 
localized  white  spots  on  the  mucosa  sur- 
rounded by  bluish  or  reddened  areas, 
"pharyngeal  hydrargyrosis. "  Various 
descriptions  are  given  of  the  mercurial 
line  which  is  occasionally  observed  along 
the  margin  of  the  teeth.  According  to 
Monti,  it  simulates  quite  closely  the  Bur- 
tonian  lead  line  but  is  more  brownish; 
Adler  calls  it  bluish ;  Gilbert,  a  dirty  red 
— rarely  blue ;  and  Tylecote  describes  it, 
not  as  granular,  but  as  an  almost  imi- 
form  purplish  line  along  the  swollen 
margin  of  the  gums.  Gilbert  has  never 
seen  it  in  Garrotters,  only  in  workers 
who  handle  carrotted  fur.  Among  468 
workers  he  saw  a  typical  Burtonian  line 
with  bluish  patches  on  the  mucosa  of  the 
cheeks  in  fifty-seven  or  12.1  per  cent. 

The  teeth  are  often  blackened,  espe- 
cially the  upper  and  lower  incisors  of 
Garrotters  exposed  to  the  acid  fumes. 
Sizers  show  this  effect  on  the  teeth  also, 
but  not  so  frequently.  Gilbert  says  that 
the  women  in  the  Belgian  fur  cutting 
trade  brush  their  teeth  more  than  the 
men  do  and  they  suffer  more  from  in- 
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flamed  gums  thau  do  the  men,  altliougli 
their  teeth  are  much  less  Wack.  The 
enamel  of  the  teeth  is  eroded  and  decay 
follows.  As  pyorrhea  sets  in  with  re- 
traction of  the  gums,  the  teeth  loosen 
and  fall,  the  upper  molars  going  first 
(8).  The  older  workers  in  Italian  and 
French  and  Czecho-Slovak  factories  are 
practically  toothless,  according  to  my 
observations,  and,  from  their  own  ac- 
count, the  loss  of  their  teeth  was  quite 
painless.  Monti  had  a  case  of  necrosis 
of  the  right  lower  maxillary  bone,  neces- 
sitating operation. 

Tremor.— Telekj,  ilonti,  Taylor,  Har- 
ris (9),  and  most  of  the  French  writers 
consider  the  presence  of  tremors  as  the 
most  characteristic  sign  of  mercurialism 
in  hatters,  while  Tylecote  thinks  the 
characteristic  sigTis  are  to  be  found  in 
the  mouth;  Gilbert  finds  tremors  and 
mouth  le.sions  present  -with  practically 
the  same  frequency.  In  Taylor's  cases, 
the  course  of  the  disease  was  slow  and 
insidious,  and  the  first  sjTnptom  noted 
by  the  workers  was  tremor.  The  char- 
acteristics of  mercurial  tremor  are  as 
follows:  It  is  a  fine  trembling  of  the 
muscles  which,  according  to  Teleky,  is 
typically  interrupted  every  few  minutes 
by  coarse,  shaking  movements.  When 
the  hands  are  stretched  out,  with  fingers 
spread,  the  tremor  is  seen  distinctly, 
then  diminishes  as  the  man  becomes 
accustomed  to  the  position,  and  may  die 
away  for  a  minute,  only  to  start  up 
again.  Tylecote  says  the  fineness  of  the 
tremor  has  been  overstated ;  it  is  coarser 
than  that  of  exophthalmic  goiter  or  of 
alcoholism.  Taylor's  tracings  showed 
eight  per  second.  It  is  not  so  regular 
as  that  of  alcoholism  or  of  paralysis 
agitans,  and  another  distinction  between 
the  latter  and  mercurial  tremor,  accord- 
ing to  Erben  (10),  is  that  in  mercurial 
tremor  it  is  the  whole  hand  which  trem- 
l)les,    wliile    in    paralysis    agitans    each 


finger  has  its  own  movement.  The- 
tremor  begins  usually  in  the  fingers  but 
in  the  early  stages  can  often  be  seen  in 
the  eyelids  when  the  eyes  are  closed,  in 
the  lips  when  they  are  drawn  back  to 
expose  the  teeth,  and  in  the  protruded 
tongue.  It  is  an  intention  tremor,  in- 
creasing as  efforts  are  made  to  control 
it  and  increasing  with  precision  of  move- 
ment. For  instance,  if  a  glass  of  water 
is  put  into  the  outstretched  hand,  the 
tremor  increases ;  and  it  becomes  even 
greater  if  an  attempt  is  made  to  carry 
the  glass  to  the  mouth.  It  tends  to  die 
down  during  rest — in  this  respect  it  dif- 
fers from  senile  palsy — and  even  in 
extreme  cases  it  stops  during  sleep. 
There  are  no  sensory  symptoms  accom- 
paming  it,  although  there  may  be  some- 
numbness  and  profuse  sweating  of  the 
palms. 

As  the  case  progresses,  the  tremor 
passes  to  the  arms  and  then  to  the  legs, 
which  may  jerk  and  jump,  especially 
when  they  are  s"\vung  forward  in  w^alk- 
ing.  In  one  of  Adler's  cases,  the  feet 
knocked  against  each  other  as  the  man 
walked.  Going  up  and  down  stairs  be- 
comes especially  difficult ;  a  boy  seen  by 
the  investigators  for  the  Civic  Federa- 
tion (11)  could  get  downstairs  only  by 
sitting  down  and  lowering  Ms  body  from 
step  to  step.  It  is  very  difiScult  to  walk  a 
narrow  path  and,  in  several  instances 
described  to  me,  a  workman  who  was 
still  capable  of  carrying  on  his  trade,  the- 
motions  of  which  had  become  ahnost 
automatic,  could  not  reach  his  work- 
bench alone  but  had  to  be  gniided  by  a 
fellow-workman  along  the  narrow  aisle 
between  the  whirling  belts  of  the  ma- 
chinery. There  is  a  famous  case  of 
"hatters'  shakes"  in  Orange,  N.  J.,  a 
man  who  kept  on  at  woi-k  long  after  he 
had  developed  severe  tremors.  He  could 
not  feed  himself  nor  dress  himself,  and 
tlic  (Uilv  wav  tliat  lio  could  get  to  work 
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was  by  pushing  before  him  a  baby  car- 
riage which  served  to  steady  his  gait. 
When  he  reached  the  plant  he  would  be 
guided  to  his  bench,  and  then  he  was 
able  to  carry  on  the  work  familiar  to  him 
through  years  of  practice. 

In  severe  cases,  the  tremor  is  general- 
ized. The  five  men  seen  by  Adler  had 
involvement  of  all  the  muscles,  except 
those  of  chewing  and  swallowing,  and 
Oilman  Thompson  (12)  saw  a  case  of 
generalized  tremor  in  a  hatter,  as  severe 
as  paralysis  agitans.  Speech  is  affected, 
becoming  hesitating  or  stuttering  and 
thick  but  not  staccato.  The  handwriting 
may  be  like  that  in  paralysis  agitans. 
The  knee  jerk  is  usually  overactive,  but 
there  is  no  ankle  clonus.  Stiffness  of  the 
muscles  and  difficult  flexion  of  the  elbow 
have  been  described.  According  to  Gil- 
bert, LetuUe  found  a  loss  of  strength, 
especially  of  the  flexors  of  the  arms  and 
the  fingers,  but  Gilbert  was  not  able  to 
confirm  this,  although  he  found  an  indi- 
cation of  weakness  of  the  extensors. 
Teleky  saw  two  cases  of  radial  palsy. 
The  tremor  usually  passes  away  if  the 
patient  can  be  induced  to  give  up  his 
work  before  it  has  reached  a  serious 
stage,  but  in  any  hatting  center  there  are 
histories  told  of  men  who  had  the 
"shakes"  for  years  after  quitting  the 
shop.  Teleky  saAV  one  case  in  which  the 
tremors  had  lasted  fifteen  years,  and 
another  in  which  they  had  lasted  thirty 
years.  A  man  in  Danbury  had  typical 
tremors  for  thirty  years. 

Tylecote  calls  attention  to  the  possi- 
bility of  an  acute  attack  in  the  course  of 
chronic  poisoning  in  an  old  worker;  as, 
for  instance,  a  hatter,  twentj^-five  years 
in  the  trade,  who  had  a  typical  acute  in- 
toxication with  salivation,  diarrhea,  and 
bloody  stools.  It  was  not  till  after  he 
had  recovered  from  this  that  his  trem- 
ors began.  Tylecote  has  also  seen  an 
apparent  immunity  break  down  if  a  man 


returns  to  Avork  too  soon  after  some 
weakening  illness. 

Psychic  Symptoms. — Kussmaul's  ery- 
thismus  mcrcurialis  (ijsychic  irritability 
of  a  high  grade)  is  not  marked  in  the 
mercurial  poisoning  of  hatters.  Teleky 
says  that  psychic  changes  are  rare,  and 
that  there  is,  at  the  most,  only  lassitude 
and  weariness.  Tylecote  finds  "nervous- 
ness" common,  and  he  and  others  de- 
scribe loss  of  memory,  dullness  of  the 
intellect,  drowsiness  by  day  and  insom- 
nia at  night,  lack  of  self-control  and 
poise,  easily  aroused  anger,  and  cause- 
less embarrassment.  The  most  marked 
instances  of  psychic  disturbance  in  the 
literature  of  mercurialism  among  hat- 
ters are  to  be  found  in  the  Civic  Federa- 
tion's (11)  report  of  the  industry  in  New 
York  City  and  vicinity.  In  fourteen  of 
the  eighty  cases  studied,  there  are  noted 
such  symptoms  as  insomnia,  depression, 
and  melancholia,  sometimes  with  sui- 
cidal tendency. 

Gasiro-Intestiual  Tract. — No  charac- 
teristic symptoms  are  found  here,  per- 
haps because  in  this  industry  the  mer- 
cury does  not  enter  the  body  through  in- 
gestion, but  through  the  respiratory 
tract,  and  excretion  seems  to  take  place 
chiefly  through  the  lower  intestine.  Tyle- 
cote says  that  diarrhea  is  unusual,  and 
Adler  did  not  find  it  once  in  his  five 
severe  eases.  Constipation  is  much 
more  common.  Taylor  saw  no  signs  of 
gastro-intestinal  irritation,  but  Schoull 
(13)  found  gastric  disturbances  among 
French  hatters  and  a  curious  change  in 
appetite,  a  distaste  for  nitrogenous  food 
and  a  craAang  for  vegetables,  spicy 
foods,  and  acids.  Monti  says  that  Italian 
hatters  acquire  a  distaste  for  red  wine. 

Skin. — Garrotters  may  suffer  from 
the  effect  of  nitric  acid  on  the  skin,  and 
sizers,  Avho  in  some  factories  are  re- 
quired to  add  the  dye  to  the  sizing  ket- 
tle,   complain    of    inflammation    of    tlie 
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fingers,  especially  around  the  nails.  A 
true  mercurial  dermatitis,  such  as  may 
occur  after  mercurial  inunctions,  is  rare. 
Schoull  says  that  Garrotters  often  suf- 
fer from  obstinate  dermatoses;  Gilmau 
Thompson  has  seen  several  cases  of  ecze- 
ma in  hatters ;  Schiitte  (14)  makes  a  gen- 
eral statement  as  to  eczema  being  com- 
mon in  the  industry,  but  Teleky  has  seen 
no  industrial  esanthem  in  hatters,  and 
Tylecote  says  that,  although  cracks  and 
fissures  may  be  caused  by  the  acid  added 
to  the  hot  water,  he  has  never  seen  ery- 
thema or  papular  eruptions. 

Urine  and  Blood. — There  is  a  differ- 
ence of  opinion  with  regard  to  urinary 
findings.  Monti  finds  pohniria;  Tyle- 
cote says  that  scanty  urine,  sometimes 
with  quite  normal  constituents,  occurs 
too  often  to  be  accidental.  Both  say  that 
albuminuria  is  rare,  mercury  having  not 
nearly  so  damaging  an  effect  on  the  kid- 
ney or  on  the  blood  vessels  as  lead. 
Monti  says  that  the  kidney  may  elimi- 
nate mercury  for  a  long  period  without 
albumin  appearing  in  the  urine.  On  the 
other  hand,  both  Teleky  and  Harris 
found  albuminuria  in  a  large  number  of 
cases.  Mercury  has  been  isolated  from 
the  urine  of  hatters  by  Monti,  but  Tay- 
lor could  not  find  it  in  either  urine  or 
feces. 

There  is  nothing  characteristic  in  the 
blood.  The  red  cells  are  likely  to  be 
diminished  moderately  and  there  is  a 
slightly  greater  loss  of  hemoglobin,  but 
stippled  cells  are  not  found.  The  differ- 
ential count  of  whites  shows  an  increase 
of  hTnphocytes  at  the  expense  of  the 
pohTnorphonuclears,  so  that  sometimes 
the  relation  between  the  two  is  actually 
reversed,  but,  according  to  Agasse- 
Lafont  aiid  Heim  (15),  this  sign  appears 
too  late  to  help  in  the  diagnosis,  rather 
it  is  of  grave  prognosis.  There  is  noth- 
ing to  distinguish  the  blood  of  early 
mercurial  poisoning  from  that  of  other 


metallic  poisonings  and,  if  any  strildng 
changes  are  found,  they  indicate  pro- 
found impregnation  with  mercury. 

Peevalexce  of  Meecurialism  IX 
Hatteks 

The  quantity  of  mercury  to  which  hat- 
ters'  furriers  and  hat  makers  are  ex- 
posed is,  as  we  have  seen,  slight,  yet 
this  industry  is  looked  upon  by  Euro- 
peans as  one  of  the  worst  of  the  poison- 
ous trades,  calling  for  strict  regulation 
and,  according  to  many  writers,  for  the 
total  prohibition  of  acid  nitrate  of  mer- 
curv  as  a  felting  agent.  (See  Cliaplet 
(16).) 

France. — It  is  in  French  literature 
especially  that  one  finds  gloomy  pic- 
tures of  the  men  and  women  in  the  fur 
cutting  trade,  and  many  efforts  have 
been  made  in  France  to  introduce  a  non- 
mercurial  carrotting  fluid.  The  discus- 
sion begins  with  Hillairet's  (17)  paper, 
read  before  the  Academy  of  Medicine  in 
1869,  on  the  evils  of  mercurialism  among 
hatters,  although  prior  to  that  time  sev- 
eral men  had  tried  to  find  a  substitute 
for  mercury,  the  first  effort  being  appar- 
ently the  use  of  sulphuric  acid  by  Guich- 
ardiere  in  1817  (16).  From  1869  on,  the 
subject  has  never  been  dropped  except 
for  a  temporary  suspension  during  the 
war.  In  1892,  Jung-fleisch  (18)  brought 
the  matter  again  before  the  Academy  of 
Medicine,  saying  "We  all  know  the  ter- 
rible accidents  to  which  are  exposed'  the 
workers  in  this  industry  .  .  .  mex'cu- 
rial  poisoning  continues  to  decimate  the 
fur  cutters."  In  1907,  Espanet  (19) 
spoke  before  the  third  Congress  of  the 
A.s.'<oeiation  Ouvriere  pour  I'Hygiene  des 
Travailleiir.'i  on  the  dangers  of  this 
trade,  and,  as  a  result,  the  Congress 
petitioned  the  Department  of  Labor  to 
take  measures  for  the  suppression  of 
the  use  of  mercui'v.     Since  all  lliat  fol- 
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lowed  was  a  law  prescribing  certain  pre- 
cantions  in  fur-cutting  plants,  Martial 
(20),  in  1911,  being  profoundly  impres- 
sed with  the  dangers  inherent  in  mer- 
curial carrot,  revived  the  agitation 
against  its  use.  Martial  had  investi- 
gated fur-cutting  shops  and  had  found  a 
great  deal  of  mercurialism.  There  were 
in  1911,  he  says,  from  500  to  600  mem- 
bers of  the  hatters'  syndicate  in  Paris. 
Two  hundred  and  fifty  of  these  were 
hatters'  furriers,  and  60  per  cent,  of 
them  he  found  to  be  affected  with  mer- 
curialism. The  mortality  from  mercu- 
rialism was  2  to  .3  per  cent,  per  year. 
Martial  himself  examined  forty-nine 
persons  working  at  the  time  and  found 
evidence  of  mercurial  poisoning  in 
twenty,  although  this  was  during  the 
slack  season  when  only  the  best  workers 
were  left.  All  Garrotters,  he  believes, 
acquire  mercurialism  within  five  years' 
time,  and,  of  the  others,  about  30  per 
cent,  are  poisoned  in  five  to  fifteen  years, 
10  per  cent,  after  fifteen  years.  He 
says:  "Nobody  of  course  thinks  of 
denying  the  shocking  [nefastes)  etfects 
of  the  acid  nitrate  of  mercury.  Every- 
one knoAvs  it  is  a  poison  and  recognizes 
the  damage  it  causes." 

The  French  law  of  1898  is  very  de- 
tailed. It  forbids  the  employment  of 
anyone  under  18  years  of  age  in  carrot- 
ting  or  in  plucking  or  cutting,  if  there 
is  much  dust.  The  employment  of 
women  is  likewise  prohibited.  The  law 
requires  floors  to  be  of  impermeable 
material,  clean  and  in  good  condition, 
and  the  walls  also.  The  carrotting  fluid 
must  be  made  only  at  night  and  in  a 
separate  room.  Exhausts  must  carry 
off  the  vapors  from  the  drying  rooms, 
and  the  rooms  in  which  skins  are  stored, 
carrotted,  blown,  and  cut  must  be  abun- 
dantly ventilated.  Garrotters  must 
wear  gloves  of  rubber  or  heavy  leather, 
and  for  all  who  handle  the  skins  after 


carrotting  the  employer  must  furiiith 
a  suit  of  washable  Avorking  clotlies. 
Wash  basins  and  soap  must  be  proAdded 
and  a  separate  lunch  room ;  no  food  may 
be  kept  or  eaten  in  a  Avorkroom.  A  doc- 
tor must  examine  once  in  three  months 
all  Avorkers  Avho  come  in  contact  Avith 
carrotted  fur  and,  if  signs  of  mercurial- 
ism are  detected,  the  worker  must  be 
shifted  to  Avork  Avhich  Avill  not  expose 
him  further.  Yet  the  French  sanitar- 
ians regard  these  safeguards  as  inade- 
quate, and  they  are  leading  a  moA'ement 
to  prohibit  the  use  of  mercury  in  felt  hat 
manufacture,  just  as  they  led  the  moA'e- 
ment  against  the  use  of  Avhite  phos- 
l^horus  in  the  match  industry,  and  the 
use  of  Avhite  lead  in  paint. 

I  Avas  in  France  in  the  summer  of 
1921  and  Avas  permitted  to  visit  fuT- 
cutting  shops  in  Vincennes.  One  fea- 
ture of  the  French  method  is  distinctly 
dangerous  and  suggests  one  reason  Avhy 
the  trade  has  so  bad  a  reputation  in  that 
eoiintry.  Drying  the  carrotted  skins  is 
accomplished  in  rooms  heated  by  a 
brazier  of  burning  coke  or  charcoal, 
Avhich  may  raise  the  temperature  to  112° 
F.  (44.-1-°  C),  or  even  to  165°  F. 
(74°  C).  The  skins  are  carried  in  and 
hung  for  a  couple  of  hours  or  oA^ernight, 
according  to  the  kind  of  carrot  desired, 
and  then  the  Avorkers  go  in  and  carry 
them  out  again.  Inasmuch  as  the  greater 
\)<\v{  of  the  mercury  is  said  to  pass  off 
during  the  drying  process,  the  danger  of 
this  method  is  obA'ious,  and  the  French 
goA'ernment  has  recently  forbidden  its 
use,  but  has  alloAved  time  for  compliance 
Avith  the  ncAV  laAv.  In  one  of  these 
French  plants,  I  saAv  an  old  woman 
Avorking  on  raAV  skins  right  beside  the 
open  door  of  the  drying  room. 

Belgium. — There  are  tAvo  descriptions 
of  the  making  of  felt  hats  as  carried  on 
in  Belgium,  both  by  Glibert  (5)  who  has 
long  been  connected  Avith  the  Depart- 
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meiit  of  Labor  of  Belgium.  The  first 
was  given  before  the  International  Con- 
gress of  Hygiene  in  Brussels  in  1903,  the 
second  before  the  same  congress  held  in 
"Washington  in  1912. 

The  industry  in  Belgium  has  a  very 
bad  reputation.  It  is,  in  part,  a  home 
industry,  poorly  paid,  and  carried  on  by 
the  very  lowest  class  of  the  community. 
There  is  one  step  in  the  preparation  of 
sldns  for  carrotting  which  can  be  done 
by  hand  better  than  by  machinery,  but 
it  is  only  in  Belgium  that  workmen  can 
be  found  to  do,  on  a  large  scale,  this 
hand  work,  which  consists  in  plucking 
out  the  long  stiff  hairs  so  as  to  leave 
only  the  fine  fur  behind.  It  is  impossible 
to  do  this  as  well  by  machine;  Belgium 
is,  consequently,  the  source  of  hand- 
plucked  skins  for  the  rest  of  the  world. 

The  various  processes  in  the  prepara- 
tion of  hatters'  fur  in  Belgium  are 
chiefly  in  the  hands  of  women,  except 
for  carrotting,  wliich  is  always  done  by 
men.  Gilbert  found  that  the  average 
length  of  employment  for  the  men  was 
nine  years  and  four  months,  and  for 
women,  seven  years  and  five  months.  He 
made  a  careful  comparison  of  the  health 
records  of  Avomen  in  the  fur  cutting- 
trade  and  of  women  in  textile  work  in 
the  linen  mills,  and  found  that  there  was 
little  difference  between  them.  ()n  the 
other  hand,  the  men  Garrotters  have  a 
high  sickness  rate  and  66.67  per  cent,  of 
those  examined  by  him  showed  symp- 
toms of  mercurialism  —  namely,  tremor 
in  61.9  per  cent.,  stomatitis  in  11.12  per 
cent.,  and  anemia  in  9.5  per  cent.  Exam- 
ination of  women  employed  in  the  pro- 
cesses whicli  expose  them  to  contact  with 
mercury  —  brushing,  cutting,  and  blow- 
ing tlie  carrotted  fur — gave  these  re- 
sults: 


Among  the  blowers  who  did  not  show 
symptoms  at  the  time,  20.34  per  cent, 
gave  a  history  of  symptoms  in  the  past. 
The  men  suffered  more  from  tremor, 
probably  because  of  alcoholism,  which 
was  frequent  among  them  but  rare 
among  the  women.  The  presence  of  these 
symptoms  did  not  always  mean  loss  of 
health;  in  fact,  57.49  per  cent,  of  those 
with  signs  of  mercurialism  were  in  good 
general  health.  The  condition  of  the 
factory  had  a  decided  influence  on  the 
amount  of  industrial  poisoning.  For 
instance,  a  comparison  between  a  good, 
a  medium,  and  a  bad  factory  gave  the 
following  results :  average  amount  of 
poisoning  in  a  good  factory,  37.21  per 
cent. ;  in  a  medium  factory,  56.25  per 
cent. ;  in  a  bad  factory,  88.89  per  cent. 

The  foUoAving  table  gives  the  per- 
centage of  cases  of  mercurialism  in  men 
and  women  according  to  the  length  of 
emplo^^nent : 
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At  the  International  Congress  of  Hy- 
giene in  Washington  in  1912,  Gilbert 
presented  another  report,  not  so  com- 
plete, the  gist  of  which  can  ho  given  in 
the  following  table : 


Occupation 
Uefore  c.Trrottiiig 


Great  Britain. — At  the  Brussels  Con- 
gress of  1903,  the  felt  hat  industry  of 
Great  Britain  was  described  by  T.  M. 
Legge,  Chief  Medical  Inspector  of  Fac- 
tories and  Workshops.  The  occurrence 
of  mercurialism  among  hatters  had  been 
In'ouglit  to  the  attention  of  the  govern- 
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ment  toward  the  end  of  the  last  century 
by  the  appearance  of  several  cases  of 
marked  poisoning  among  women.  An 
investigation  was  ordered  and  a  detailed 
report  was  submitted  by  three  women 
inspectors,  Miss  Deane,  Miss  Squire, 
and  Miss  Patterson  in  1898  (21).  Pro- 
nounced cases  of  mercurialism  were  not 
found  to  be  numerous  but  serious  out- 
breaks did  occur  occasionally.  From 
the  description  by  these  authors  it  is 
plain  that  the  usual  method  of  drying 
the  skins  in  British  factories  at  that 
time  was  on  racks  in  heated  rooms,  and, 
while  in  some  factories  the  racks  could 
be  drawn  out,  in  others  the  skins  were 
■carried  out  by  hand.  The  cutting  de- 
partments were  said  to  be  very  dusty, 
and  in  one  there  had  been  an  outbreak 
•of  mercurialism  among  the  women. 
"Locking" — i.e.,  sorting  out  the  inferior 
pieces  from  freshly  cut  fur — was  said  to 
be  bad.  The  women  lockers  had  to  pro- 
tect their  wedding  rings  against  the 
action  of  the  mercury.  In  passing,  I 
may  say  that  I  have  never  been  able  to 
find  the  wedding  ring  of  a  sorter  in  an 
American  factory  showing  any  such 
effect. 

Legge  visited  these  same  factories  in 
1900  and  examined  some  of  the  workers. 
Among  twenty-one  women  who  had 
worked  from  one  to  seventeen  years,  he 
found  only  a  single  case  of  mercurial 
tremors,  but  in  another  factory  nine  out 
of  seventeen  had  tremors.  This  last 
group  had  all  Avorked  at  least  ten  years. 
Garrotters  suffer  more  from  nitric  acid 
fumes,  others  from  mercurialism,  as 
this  table  (8)  shows: 


No.  Examined 


Carriitters     

OtliiT    priiffsses. 


Bad  Teeth  Tremors 

%  % 

G6.6  ?,fl 
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j\Iercurial  poisoning  was  brought 
under  the  law  requiring  notitication  of 
■cases  in  May,  1899,  and  by  December, 


1918,  208  cases  had  been  reported.  How- 
ever, only  forty-six  of  these  came  from 
the  hatters'  trade,  twenty-seven  from 
the  hatters'  furriers,  and  nineteen  from 
the  hatters.  Forty-six  in  almost  twenty 
years  does  not  indicate  any  great  dan- 
ger of  mercurialism  in  the  British  hat 
industry.  According  to  Porter  (22), 
writing  in  1902,  there  is  very  little  mer- 
curialism in  the  making  of  hats  as  dis- 
tinguished from  fur  cutting.  Stockport 
is  the  center  of  hat  making,  not  fur  cut- 
ting, and  in  this  city  observations  car- 
ried on  by  Porter  show  that  dust, 
especially  that  produced  by  pouncing 
(smoothing  the  hat  with  sandpaper),  is 
the  worst  evil,  mercurialism  being  negli- 
gible. Stockport  hatters,  according  to 
Porter,  have  a  tuberculosis  rate  63  per 
cent,  in  excess  of  the  average.  On  the 
other  hand,  Tylecote  (1)  of  Manches- 
ter, another  large  hat  center,  presented 
a  paper  before  the  International  Con- 
gress for  Hygiene  at  the  meeting  in 
Washington  in  1912.  He  said  that,  while 
mercurialism  among  hatters'  furriers 
had  long  been  a  matter  of  common 
knowledge,  it  had  been  recognized 
among  hat  makers  only  to  a  slight  ex- 
tent, and  the  eases  notified  had  come 
almost  entirely  from  among  furriers. 
His  attention  was  called  to  mercurialism 
in  hat  makers  by  a  case  of  what  he  had 
at  first  supposed  to  be  disseminated 
sclerosis  in  a  "  stover, ' '  a  man  employed 
in  heating  shaped  hats  at  180°  F.  Analy- 
ses made  for  liim  by  W.  M.  Gardner  of 
Bradford  showed  the  presence  of  0.138 
per  cent,  of  mercury  in  the  finished  hat. 
After  this  Tylecote  saw  twenty  more 
cases  of  mercurialism  in  hatters,  all 
men,  as  no  women  are  employed  in  these 
plants.  Two  were  in  youths.  Fur  blow- 
ers inhale  mercury-laden  dust ;  plankers 
— sizers,  as  Ave  call  them — soaking  and 
Avorking  felt,  are  exposed  to  moist  heat 
Avliich  is  faA'orable  to  the  absorption  of 
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mercury  through  the  sidu,  the  respira- 
tory tract,  aud  the  digestive  tract.  Tay- 
lor (2)  found  that  a  piece  of  fur  from 
the  cutting  machine  contained  1.34  per 
cent,  of  mercury. 

Germany. — The  felt  hat  industry  has 
not  been  as  fully  studied  in  Germany  as 
in  most  countries.  Indeed,  it  seems  to 
have  attracted  less  attention  than  any 
other  industry  involving  the  use  of  a 
poisonous  substance.  There  is  a  section 
devoted  to  it  in  Weyl's  Handbuch  der 
Arbeiterkraukheiten,  by  P.  Schiitte  (14) 
of  Magdeburg,  but  the  information 
given  is  general  in  character,  and  the 
greater  part  is  devoted  to  the  eft'ect  of 
fur  dust  on  the  respiratory  tract,  not  to 
mercurialism.  Dust  is  said  to  be  the 
great  danger — a  danger  increased  by 
mercury.  The  only  other  Gei'man  ar- 
ticle which  I  have  found  on  mercurialism 
in  the  felt  hat  industry  is  a  paper  read 
by  Heucke  (23)  before  the  Washington 
Congress  of  Hygiene  in  1912.  He  gives 
no  statistics  as  to  the  health  of  hatters' 
furriers  or  of  hat  makers,  but  says  posi- 
tively that  these  are  dangerous  trades 
and  that  the  safeguards  are  inadequate. 
According  to  his  description,  the  skins 
are  often  hung  on  racks  and  pushed  for 
drying  into  heated  rooms  where  burn- 
ing coke  furnishes  the  heat,  and  the  car- 
bon monoxide  vapors,  as  well  as  those 
of  mercury,  are  allowed  to  escape  into 
nearby  rooms.  He  speaks  of  the  danger 
of  nitrous  fumes,  especially  in  prepar- 
ing the  carrotting  fluid,  and  says  that 
all  workers,  from  Garrotters  to  the  pack- 
ers of  finished  hats,  are  exposed  to  mer- 
cury and  that  cases  of  poisoning  occur, 
not  only  in  fur  cutting,  but  also  in  liat 
making.  He  found  in  hatters'  fur  only 
a  small  percentage  of  mercury,  0.3  to 
0.7  per  cent.,  but  in  sweepings  and  dust 
as  much  as  1.3  per  cent. 

Austria. — Telcky  (4)  of  Vienna  de- 
scrilu'd  (he  slow  clii'onic  t'nrin  of  poison- 


ing found  in  hatters,  as  contrasted  with 
the  more  rapid  form  which  develops  in 
other  mercury-using  industries  where 
the  exposure  is  more  intense.  It  is  evi- 
dent from  his  description  that  the  trade 
is  not  nearly  so  harmful  in  Austria  as  in 
some  other  countries.  He  examined  the 
workers  in  two  large  factories.  The 
first,  an  excellent  place,  employed  2,400 
men  and  women,  and  there  he  found 
twelve  persons  mth  sjTnptoms  of  mer- 
curialism while  four  others  were  at  the 
time  incapacitated  from  the  same 
cause,  making  one  in  150  employed.  The 
second  factory  was  distinctly  less  well 
managed  and  there,  among  500  to  600 
employed,  he  found  seven  at  work  with 
symptoms  of  poisoning,  or  about  one  in 
eighty.  The  larger  of  these  factories, 
Hiickel's  Sohne  of  Neutitschein,  1  had 
the  opportunity  of  visiting  in  the  sum- 
mer of  1921,  and  found  it  admirable  in 
construction  and  in  management.  Tele- 
ky's  analysis  of  blown  fur  showed  the 
presence  of  2.338  per  cent,  of  mercury 
Italy. — In  Italy,  the  centers  of  the  hat 
industry  are  in  the  north  and,  although 
there  are  many  cities  in  which  such  work 
is  done,  mercurialism  is  not  at  all  notor- 
ious; in  fact,  little  is  knowm  about  it. 
Monti  (3)  investigated  the  industry  and 
published  his  findings  in  1909.  He  com- 
plains that  in  order  to  convince  the 
manufacturers  of  the  reality  of  this  dan- 
ger he  was  obliged  to  demonstrate  the 
presence  of  mercury  in  the  urine  of 
some  of  the  workers.  He  examined 
twelve  Garrotters,  only  three  of  wlioni 
were  free  from  all  lesions,  even  of  tlie 
teeth.  Seven  of  the  twelve,  employed 
from  three  to  eight  years,  had  bad  teeth 
aiul  complained  of  dyspepsia  and  of 
dryness  of  the  mouth,  with  occasional 
attacks  of  salivation.  The  eleventh  was 
much  emaciated  and  tlie  twelfth  showed 
marked  emaciation  and  typical  tremor. 
He  also  found  two  mit  of  Wxq  liardenoi-s 
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^\dth  typical  chronic  poisoning  of  pro- 
nounced degree  and  three  of  slighter 
degree.  Fifty  sizers  were  also  exam- 
ined; thirty-five  had  marked  mercurial- 
ism,  nine  a  slight  form,  and  only  six 
were  negative. 

This  is  apparently  the  only  report  on 
mercurialism  in  hatters  in  Italian  liter- 
ature, and  the  subject  is  not  even  men- 
tioned in  Pieraccini's  textbook.  Tlie 
trade  is  not  notoriously  unhealthful  in 
Italy,  partly,  perhaps,  because  much  of 
the  fur  cutting  for  Italian  manufacture 
is  done  in  Belgium,  partly  because  con- 
ditions in  the  larger  plants,  at  least,  are 
excellent.  The  famous  Borsalino  fac- 
tory in  Alessandria,  employing  about 
2,000  persons,  and  Valera  and  Ricci's  in 
Monza,  employing  1,200,  are  striking  in- 
stances of  what  can  be  done  to  render 
work  in  this  industry,  not  only  safe,  but 
comfortable,  as  I  had  an  opportunity  to 
see  in  the  summer  of  1921.  There  are 
certain  features  in  the  Borsalino  factory 
which  are  superior  to  anything  I  have 
seen  in  this  industry  in  any  country. 

Russia. — In  1909,  Levitsky  (24),  a 
Russian,  wrote  an  article  for  the  Revue 
d'hygiene  of  Paris,  describing  a  mission 
upon  which  he  Avas  sent  by  the  Moscow 
Zemstvo  to  inquire  into  conditions  in 
the  felt  hat  industry  in  other  European 
countries  and  to  obtain  suggestions,  if 
possible,  for  a  non-poisonous  substitute 
for  mercurial  carrot,  which  the  Russians 
were  convinced  was  the  source  of  much 
industrial  poisoning.  Levitsky  gives  no 
facts  as  to  the  industry  in  Russia  prior 
to  his  journey,  which  was  made  in  1902, 
but  says  that  the  Zemstvo  wished  to  dis- 
cover a  radical  remedy  for  the  terrible 
industrial  disease  of  hatters — mercurial 
poisoning.  "The  question  of  suppress- 
ing the  use  of  mercury  in  this  industry 
is  a  question  of  delivering  several  hun- 
dred thousands  of  men  and  women  from 
the  suffering  caused  by  chronic  mercur- 


ialism, from  invalidism,  and  premature 
death."  Levitsky  took  back  specimens 
of  fur  carrotted  by  the  Jourde-Lussigiiy 
formula  (sodium  hydroxide  and  potas- 
sium hydroxide,  followed  by  nitric  acid 
and  carbon),  and  the  Zemstvo  of  Mos- 
cow induced  one  of  the  co-operative  fac- 
tories to  work  it  up  into  felt.  This  was 
done  -ftdtli  such  success  that  two  more 
factories  undertook  to  carrot  by  this 
method  altogether,  the  Zemstvo  guaran- 
teeing them  against  loss  for  four  years. 
The  hat  makers  of  St.  Petersburg,  Mos- 
cow, and  Warsaw  declared  the  felt  sat- 
isfactory and  other  co-operatives  adopt- 
ed the  no-mercury  process,  so  that  in 
1909  Levitsky  was  able  to  write  that 
sixty-seven  plants,  employing  1,500 
workers,  were  using  the  non-mercurial 
formula,  and  he  was  hopeful  that  mer- 
curial carrot  would  be  altogether  done 
away  mth  in  Russian  factories. 

United  States. — The  first  mention  of 
the  manufacture  of  felt  hats  in  the  Unit- 
ed States  was  in  1662,  when  the  Virginia 
Assembly  offered  a  reward  of  10  pounds 
of  tobacco  for  every  good  felt  hat  pro- 
duced from  the  fur  of  native  animals. 
The  importation  of  felt,  of  hatters'  fur, 
and  of  finished  hats  has  always  been  car- 
ried on  very  extensively,  but  for  the  last 
few  decades  the  United  States  has  also 
exported  these  hats.  The  industry  falls 
into  three  divisions  in  the  United  States : 
fur  cutting,  "making,"  and  finishing. 
Sometimes  a  plant  that  cuts  fur  also 
"makes"  the  hat,  and  the  so-called  hat 
factory  may  simply  finish  the  bodies  sup- 
plied by  the  "make  shops."  Other  fac- 
tories, but  a  minority,  carry  on  all  the 
processes  from  the  raw  skin  to  the  fin- 
ished hat.  Philadelphia,  Orange,  New- 
ark, New  York  City,  Brooklyn,  Yonkers, 
and  Danbury  and  Bethel,  Conn.,  are  the 
principal  hat  manufacturing  cities. 

The  earliest  study  of  mercurial  poi- 
soning in  the  making  of  hats  was  made 
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by  J.  Addison  Freeman,  M.D.  (25),  of 
Orange,  N.  J.,  and  was  published  in  the 
T lansactions  of  the  Medical  Society  of 
N(w  Jersey  for  1859.  This  author  re- 
ports that  during  the  mnter  of  1858- 
1859  and  the  following  spring  there  pre- 
vailed among  the  hatters  of  that  region 
a  disease  showing  all  the  characteristics 
of  mercurial  poisoning,  swelling  and 
ulceration  of  the  giims,  loosening  of  the 
teeth,  fetid  breath,  abnormal  flow  of 
saliva,  and  shaking  palsy  of  the  upper 
limbs.  More  than  a  hundred  cases 
occurred  in  Orange  alone. 

The  next  report  is  twenty  years  later, 
from  the  same  city.  Orange.  In  1878,  L. 
Dennis,  M.D.  (26),  published  a  paper  in 
the  Annual  Report  of  the  New  Jersey 
Board  of  Health  on  "Hatting  as  Affect- 
ing the  Health  of  Operatives."  The 
report  is  admirably  complete  and  de- 
serves far  more  attention  than  it  has 
ever  received.  Conditions  in  the  indus- 
try at  that  time  seem  to  have  been  very 
bad,  partly  because  of  the  use  of  very 
strongh^  carrotted  shoddy.  In  some  in- 
stances "all  hands  in  the  shop  within  a 
few  days  were  rendered  unfit  for  work 
or  had  their  health  impaired."  Dennis 
gives  the  records  of  1,546  men,  with  an 
average  age  of  32  years  and  average 
emplo\Tnent  of  twelve  years.  One  hun- 
dred and  two  had  a  history  of  tremor  in 
the  past;  fourteen  had  tremor  at  the 
time.  Fifty-six  had  a  history  of  sore 
mouth;  twenty  had  it  at  the  time.  The 
incidence  of  these  symptoms  was  high- 
est in  hardeners,  nest  in  finishers.  Out 
of  168  cases  of  mercurialism  which 
could  be  traced  to  their  source  in  the 
factory,  107,  or  63  per  cent.,  were  in  fin- 
ishing, and  among  438  finishers  then  at 
work,  eighty  had  mercurialism.  Doiuiis 
insists  that  the  finishing  benches  should 
1)6  furnished  with  exhausts,  as  are  the 
pouncing  benclies  but  there  are  obvious- 
ly    practical     dinicullics     in     the     way. 


Among  39  blowers,  74  coners  and  wet- 
ters,  and  39  hardeners  he  found  respect- 
ively 8,  14,  and  25  cases  of  sore  mouth 
and  tremor.  Curiously  enough,  only 
two  out  of  450  cases  of  mercurialism 
were  in  sizers. 

Much  less  valuable  are  two  short 
papers,  written  in  1887  for  the  Board  of 
Health  of  Connecticut  by  A.  L.  Scott  and 
S.  W.  Williston.  The  different  processes 
in  the  industry  are  described,  but  a  very 
optimistic  view  is  held  by  Scott  as  to  the 
unliealthfulness  of  the  trade ;  indeed,  he 
refuses  to  believe  that  mercurial  poison- 
ing really  occurs  in  Danbury,  and  holds 
that  the  cases  thus  diagnosed  should  be 
atti'ibuted  to  malaria.  Williston  says 
that  there  is  quite  a  little  mercurial  poi- 
soning, especially  in  forming,  and  that 
soft  felt  hats  are  worse  than  hard  felt 
hats  because  they  need  much  more  fin- 
ishing with  pressing  irons,  and  there- 
fore more  mercury  is  volatilized. 

Philadelphia  has  long  been  one  of  the 
important  centers  for  the  manufacture 
of  hats,  including  the  preparation  of  the 
fur.  The  only  report  from  that  city  that 
I  have  been  able  to  discover  is  one  writ- 
ten by  L.  H.  Adler  (6)  in  1891.  He  de- 
scribes five  cases  of  severe  mercurialism 
in  hatters  and,  judging  from  their  his- 
tories, the  exposure  to  mei'cury  must 
have  been  much  greater  then  than  it  is 
at  present,  for  it  is  very  unusual  to  find 
so  short  an  exposure  resulting  in  such 
severe  lesions.  A  boy  of  14  was  poisoned 
after  a  year's  employment  sweeping  and 
feeding  fur  into  cutting  machines,  but 
his  loss  of  health  began  as  early  as  the 
second  month  of  his  employment.  A 
young  man  of  19  years,  at  the  end  of 
Iwn  and  a  half  years'  (Miii)l(iyiiient 
(which  mean.s  that  he  began  work  at 
IGVii  years),  was  obliged  to  give  up  be- 
cause of  ataxia  ami  jerking  movements 
like  those  of  major  chorea.  His  gait  was 
uusteadv,  his  hands  slinking,  his  tongue 
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tiemuious,  gums  sore  and  swollen, 
breath  fetid,  and  his  memory  impaired. 
The  three  others  were  men  of  36  to  63 
years  of  age  and  had  worked  only  eight, 
nine,  and  ten  years.  When  Adler  saw 
them,  they  were  sutfering  from  saliva- 
tion and  gingivitis  and  i^alsies  so  severe 
as  to  incapacitate  them.  Number  3  Avas 
35  years  old,  had  been  a  hatter  for  ten 
years,  had  lost  flesh  from  year  to  year 
and  suffered  from  frequent  attacks  of 
indigestion  and  constipation.  At  the 
end  of  eight  years  tremors  began,  in  the 
hands  at  first,  then  spreading  all  over 
the  body  and  accompanied  by  muscular 
twitchings  but  no  impairment  of  sensa- 
tion. The  tongue  was  affected  and  his 
speech  was  hardly  intelligible ;  he  had 
much  difficulty  in  going  down  stairs, 
and  suffered  from  terrifying  dreams. 
After  quitting  work  for  several  months 
and  taking  salt  baths,  he  was  somewhat 
improved  but  remained  ataxic  and  trem- 
ulous, with  marked  blurring  of  the 
vision,  tremors  of  the  tongue,  thick 
speech,  fetid  breath,  spongy  gums  and 
loosened  teeth. 

In  1911,  the  New  York  Labor  Depart- 
ment in  its  annual  report  included  a  sec- 
tion on  the  felt  hat  industry  in  New 
York  State,  written  by  C.  T.  Graham- 
Rogers  and  Charles  Vogt  (27).  Appar- 
ently, at  that  time  there  were  various 
harmful  features  in  the  industry  which 
are  not  found  now  in  well-constructed 
modern  factories,  such  as  exposure  to 
the  dust  from  cutting  machines  which 
had  no  exhaust,  and  to  dust  from  pounc- 
ing. Many  boys  and  girls  were  said  to 
be  employed-  In  one  shop,  2.6  mg.  of 
mercury  were  found  in  1  cubic  meter  of 
air. 

A  very  interesting  study  of  mercurial 
poisoning  was  made  by  Mrs.  Linden 
Bates  (11)  for  the  Women's  Welfare 
Department  of  the  National  Civic  Fed- 
eration and  issued  bv  them  in  mono- 


graph form  in  1912.  This  report  <Mim- 
prises  an  analysis  of  102  cases  of  in- 
dustrial mercurialism  occurring  in  New 
York  City  and  its  vicinity.  Most  of 
these  cases  had  had  their  origin  in  the 
felt  hat  industry  of  Brooklyn,  Yonkers, 
Newark,  and  Orange.  Mrs.  Bates  had 
already  made  an  investigation  of  the 
same  industry  in  Great  Britain.  It  was 
not  possible  for  the  investigators  to 
study  the  physical  condition  of  the  men 
and  women  actually  at  work  but  they 
Avere  able  to  discover  a  number  of  cases 
of  mercurial  poisoning  which  had  come 
under  the  care  of  physicians,  chiefly  in 
hospitals  and  clinics.  Their  conclusions 
are  made  conservatively  and  no  cases 
listed  without  the  diagnosis  of  a  physi- 
cian. They  found  that  mercurial  poison- 
ing was  notorious,  especially,  so  it  Avas 
said,  among  the  men  using  imported 
skins  which  were  already  carrotted. 
Whatever  the  reason,  it  was  universal- 
ly belieA'ed  that  foreign  carrotted  pelts 
Avere  much  worse  than  those  prepared 
in  this  country.  In  plants  doing  their 
oAvn  carrotting,  the  solution  Avas  made 
by  mixing  four  carboys  of  nitric  acid, 
75  pounds  of  mercury  and  50  of  Avater. 
Sometimes  a  mixture  of  sih'er  nitrate, 
corrosiA'e  sublimate,  and  arsenious  acid 
was  added  to  this. 

Carrotting  Avas  generally  held  to 
cause  acid  fume  poisoning  but  not  mer- 
curialism. However,  the  investigators 
found  a  carrotter  in  the  hospital  who 
had  been  under  treatment  for  six  months 
for  mercurialism.  He  had  been  obliged 
to  stop  Avork  on  account  of  sickness 
seven  times  in  fourteen  years,  and  at  the 
time  Avas  suffering  from  anemia  and 
tremors  of  the  limbs  so  seA^ere  that  he 
could  not  stand.  Drying  did  not  seem 
to  be  attended  Avith  as  much  trouble  in 
American  factories  as  in  the  British. 
Brushing  Avas  usually  fairly  AA'-ell  carried 
on,  but  cutting  and  sorting  Avere  quite 
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bad.  Eight  cutters  were  found  suffer- 
ing from  chronic  poisoning,  seven  of 
them  with  blackened  and  eroded  teeth 
and  marked  tremor  which,  in  the  case  of 
three,  incapacitated  them  for  work. 
There  was  also  found  to  be  a  good  deal 
of  trouble  among  formers  and  hardeners 
and  sizers.  Of  thirty-one  cases  of 
chronic  mercurialism  studied,  thirteen 
came  from  forming,  five  from  harden- 
ing, and  thirteen  from  sizing. 

In  all,  eighty  cases  of  chronic  mer- 
curial poisoning  were  found,  and  their 
histories  are  given  as  much  in  detail  as 
possible.  With  regard  to  twenty-one, 
only  the  diagiiosis  could  be  obtained,  but 
the  histories  of  the  other  fifty-nine  show 
that  tremors  were  present  in  forty  and 
localized  paralysis  in  four,  multiple 
neuritis  in  five.  In  fourteen  there  were 
psychic  disturbances,  insomnia,  head- 
ache, depression,  even  melancholia,  im- 
paired memory,  hallucinations,  and,  in 
five  cases,  suicidal  tendency.  It  is  in- 
teresting to  note  that  salivation  is  men- 
tioned only  once. 

As  many  of  these  men  were  the  wreck- 
age of  the  industry,  it  is  to  be  expected 
that  their  condition  would  sometimes  be 
very  serious  but  none  of  the  foreign 
studies  of  mercurialism  in  this  trade 
give  so  extreme  a  picture  of  physical 
degeneration  as  do  this  report  and  the 
one  of  Adler's  already  quoted. 

Finally,  there  is  an  investigation  made 
by  Louis  I.  Harris,  M.D.  (9),  Chief  of 
the  Divifeion  of  Industrial  Hygiene  of 
the  New  York  City  Health  Department, 
which  covers  the  hatters'  fur  industry 
and  the  manufacture  of  felt  hats  in  that 
city.  Dr.  Harris  examined  266  persons 
engaged  in  the  preparation  of  hatters' 
fur,  110  of  them  being  women.  They 
were  for  the  most  part  Italians  and 
Poles  of  a  poor  social  grade,  and,  accord- 
ing 1(>  thcii-  (iwn  statement,  fifty-one  of 
the  women  and  118  of  the  men  drank 


alcohol  regularly.  Only  seventeen  of  the 
whole  number  were  found  to  be  free 
from  physical  defects.  Dr.  Harris  en- 
deavors to  be  very  cautious  as  to  the 
amount  of  mercurialism  present,  but  he 
found  ninety-one  cases  of  either  very 
marked  or  moderate  tremor  of  the  ai'ms, 
face,  and  tongue.  He  also  found  eighty- 
three  with  marked  inflammatory  or 
spongy  condition  of  the  gums.  Seventy 
of  the  seventy-seven  carrotters  and  cut- 
ters had  black  teeth,  and  seventeen  had 
signs  of  advanced  arteriosclerosis.  He 
succeeded  in  obtaining  thirty-three  spec- 
imens of  urine  for  examination,  and  six- 
teen were  positive  for  albumin. 

The  evidence  of  mercurialism  among 
hat  makers  was  less  striking  than  among 
hatters'  furriers.  Only  eighty-one  per- 
sons could  be  examined,  all  but  twelve 
of  them  men.  Seven  had  marked  tremor, 
seven  more  moderate,  and  eleven  slight. 
Harris  does  not  accept  these  last  as  clear 
cases  of  mercurialism.  Anemia  was 
present  in  tAvelve  of  the  sixty-nine  men, 
and  marked  gingivitis  in  three. 

His  summing  up  of  the  two  industries 
together  is  as  follows :  Among  nearly 
350  employees,  forty-seven,  or  nearly 
14  per  cent.,  had  distinct  gingivitis,  to- 
gether A\-ith  marked  or  violent  tremors 
of  the  hands,  face,  and  tongue;  another 
14  per  cent,  had  moderate  tremor  with 
gingivitis,  accompanied  in  a  number  of 
instances  by  anemia  and  arteriosclero- 
sis. 

Tlie  rate  of  poisoning,  especially 
among  the  furriers,  is  very  high  com- 
pared with  that  reported  in  recent  years 
from  Great  Britain,  and  compared  with 
the  rates  found  by  Teleky  in  a  similar 
study  in  Austria. 

Prevalence  of  Other  Occupational 
Diseases  among  Hatters 

Loss  of  weight,  pallm-  and  loss  of 
strength  are,  according  to  some  observ- 
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ers,  almost  universal  among  hatters. 
Thus  Schiitte  describes  the  women  in 
this  industry  in  Germany  as  thin,  nar- 
row-chested, stoop-shouldered,  with  pale, 
emaciated  faces,  dull  eyes,  shallow 
breathing,  complaining  of  headache, 
general  weakness,  frequent  nosebleed, 
and  menstrual  disturbances.  Several 
French  writers,  Espanet,  Jungflfeisch, 
and  Martial,  speak  of  the  industry 
as  extraordinarily  unhealthful,  causing 
many  deaths  each  year.  Schoull  says 
that  hatters  suffer  from  profound  ane- 
mia, and  Levitsky  believes  that  invalid- 
ism and  premature  death  are  common 
among  Russian  hatters.  On  the  other 
hand,  Glibert  finds  that  women  in  the 
Belgian  fur  cutting  trade  do  not  com- 
pare unfavorably  with  those  employed  in 
other  low-wage  industries,  such  as  the 
linen  mill  operatives.  There  seems  to 
be  a  general  impression  that  women  tnr 
cutters  and  hatters  suffer  from  scanty 
menstruation  and  are  more  likely  to 
abort  than  are  the  majority  of  working 
women,  and  that  the  mortality  rate 
among  their  children  is  higher.  But  Gil- 
bert found  that  in  this  respect  the  linen 
mill  operatives  Avere  rather  worse  off 
than  the  women  hatters,  at  least  so  far 
as  the  death  rate  of  their  children  is 
concerned. 

It  is,  however,  with  regard  to  the 
prevalence  of  respiratory  disease  that 
the  greatest  difference  of  opinion  is 
found.  The  most  sweeping  statement  as 
to  the  injury  done  to  the  respiratory 
tract  by  fur  dust  quite  irrespective  of 
the  mercury  is  made  by  Schiitte,  who 
calls  this  the  most  harmful  feature  of 
the  hatters'  em-ironment.  He  describes 
the  various  "dust  inhalation  diseases 
from  animal  dust"  as:  nasal  catarrh, 
not  of  the  usual  Icind  but  purulent  and 
offensive ;  ozena,  caused  by  putrefaction 
of  the  hair  dust  in  the  nostrils  and  fol- 
lowed by  atro|)hic  rhinitis ;  catarrh  of 


the  throat  from  the  mouth  breathing, 
necessitated  by  the  clogged  nostrils; 
chronic  laryngeal  catarrh,  often  puru- 
lent, and  followed  by  erosions  and  ulcers 
of  the  vocal  cords;  chronic  bronchial 
catarrh  Avith  emph3'sema.  It  is  also 
assumed  by  the  French  that  fur  dust  is 
in  itself  injurious,  although  they  be- 
lieve that  by  far  the  greater  danger 
faced  by  the  hatters  is  mercurialism. 
Among  the  English,  Taylor  thinks  phthi- 
sis is  frequently  the  caiise  of  death  in 
hatters,  mercurialism  rarely;  while 
Tylecote  says  that  there  is  not  sufficient 
ground  for  the  belief  that  the  prevalence 
of  phthisis  is  higher  than  the  average 
in  this  trade  except  among  blowers  and 
finishers.  In  those  groups  which  show 
the  greatest  incidence  of  mercurialism 
— formers,  plankers  (sizers),  pressers, 
and  stovers  (dryers) — he  saw  no  in- 
crease of  respiratory  disease. 

The  only  real  attempt  to  differentiate 
between  the  effect  of  mercury-free  dust 
and  carrotted  dust  was  made  by  Glibert 
in  the  Belgian  factories.  The  Avork  of 
preparing  the  skins  for  carrotting  is 
largely  a  home  industry  in  Belgium.  It 
is  A'ery  filthy  Avork  and  to  the  ordinary 
A'isitor  it  seems  to  be  most  unhealthful. 
The  raw  skins,  with  bits  of  flesh  and 
dried  blood  and  all  sorts  of  dirt  adher- 
ing to  them,  must  be  cut  open  by  hand 
and  trimmed,  and  then  the  coarse  hairs 
plucked  out  and  the  skins  brushed.  At 
the  Brussels  Exposition,  in  1910,  I  saAv 
some  faithful  reiDroductions  of  joeasant 
huts  and  tenements  in  Avhich  this  pro- 
cess of  ejarrage  Avas  being  carried  on, 
and  certainly  it  was  a  disgusting  sight, 
otfensiA^e  to  eyes  and  nose.  Glibert,  Avho 
has  been  familiar  Avith  this  trade  since 
1892,  assures  us,  however,  that  it  is 
filthy  but  not  unhealthful.  He  superin- 
tended a  thorough  physical  examination 
of  the  Avorkers  made  by  the  state  physi- 
cians, AA'ho  could  find  little  more  than  a 


232 


THE    JOURNAL    OF    INDUSTRIAL    HYGIENE 


.slight  irritation  of  the  nasal  mucosa, 
sometimes  conjunctivitis,  sometimes  oti- 
tis externa,  but  no  occupational  disease. 
He  believes  that  the  long,  flexible  hairs 
do  not  reach  the  lungs  but  are  caught  in 
the  upper  air  passages  and  expectorated. 
His  statistics  show  that  among  the  men 
working  with  non-carrotted  fur  91.9  per 
cent,  were  in  good  health,  but  only  77.3 
per  cent,  of  those  working  with  carrot- 
ted  fur  and  63.6  per  cent,  of  the  car- 
rotters. 

In  1886  J.  W.  Stickler,  M.D.  (28),  of 
Orange,  N.  J.,  i^ublished  a  paper  on 
"Hatters'  Consumption."  His  studies 
were  made  in  hat  factories,  not  fur-cut- 
ting plants.  He  found  that  those  en- 
gaged in  the  felting  processes  and  in 
l^ouneing  suffered  commonly  not  only 
from  tremor  but  from  catarrh  and  rheu- 
matism and  pulmonary  disease.  Fifty- 
three  per  cent,  of  the  deaths  among  hat- 
ters in  the  Newark-Orange  district  from 
1873  to  1886  were  from  pulmonary 
phthisis.  He  collected  772  records  of 
deaths  among  hatters  in  the  Orange  val- 
ley, in  Connecticut,  and  in  Philadelphia, 
375  of  whom,  or  51.8  per  cent,  had  died 
of  phthisis.  The  other  occupational  dis- 
eases, tremor,  rheumatism,  and  catarrh, 
were  found  distributed  as  follows : 

■    Tremor  or 
Histoo' 
Occupation         Catarrh       Rbeumatism     Cough  of  Tremor 

240    sixers 
27    poiincers 
222  fini!*hcr 


76    (31.6%)   44    (18%)     41    (17%)       30    (12.5%) 
rs     12    (44.4%)  4    (15%)         5    (18.5%) 

■s'    64    (28.8%)    15    (6.7%,)    42    (18.9%)    33    (14.8%) 


'  There   were   also    18    with    sore   mouth    or    history    of    sore 
mouth  ;  7  with  bronchitis ;  4  with  phthisis ;  and  1  with  asthma. 

Stickler  says  that  mixers  and  blowers 
suffer  chiefly  from  catarrh  and  rheuma- 
tism, that  coners,  hardeners,  and  block- 
ers add  tremor  to  these  two ;  sizers  have 
these  same  and  also  pulmonary  affec- 
tions; pouncers  suffer  from  pulmonary 
affections  and  tremor,  tinishei's  from  all 
of  the  above  affections. 

The    investigators    for    tiie    National 


Civic  Federation  found  in  the  hatting 
centers  of  northeastern  New  Jersey  a 
general  consensus  of  opinion  as  to  the 
prevalence  of  tuberculosis,  especially 
among  the  finishers  and  pouncers.  Sels- 
kar  Gunn,  Health  Officer  of  Newark,  in 
1908  wrote  of  "the  extreme  prevalence 
of  tuberculosis  among  hatters."  In  an 
etf  ort  to  decide  the  degree  of  health  haz- 
ard to  which  hatters  are  exposed,  Fred- 
erick Hoffman,  Statistician  for  the  Pru- 
dential Life  Insurance  Company,  com- 
pared the  mortality  in  this  trade  with 
that  in  the  tailoring  trade  which  is 
accepted  by  insurance  companies  at 
ordinary  rates,  although  there  are  in- 
jurious features  connected  with  it,  such 
as  sedentarj"  indoor  work.  He  finds  that 
hatters  have  a  higher  mortaUty  than 
tailors  at  all  ages,  but  especially  in  the 
thirty  years  between  35  and  65,  during 
which  period  the  excess  is  4.1  for  the 
first  decennium,  7.2  for  the  second,  and 
23.4  for  the  third.  The  following  statis- 
tics were  presented  by  this  company  at 
the  International  Congress  for  Tubercu- 
losis in  Washington,  1908,  demonstra-' 
ting  the  proportion  of  deaths  from 
tuberculosis  to  deaths  from  all  causes 
between  1897  and  1906 : 

I'ercentage  of  I'eatlis  froni  Tuberculosis  among 

Ages        All  Males  in  Initea  States        832  Hatters 

15-24  27.S  53.S 

2.5-34  31.3  55.4 

.^5-44  23. (i  45.4 

45-54  15.0  26.7 

5o-G4  S.l  14.8 

65  and  over  2.7  O.S 

How  hopeless  it  is  to  look  for  accu- 
rate information  on  this  point  in  the 
vital  statistics  of  American  cities  is 
sliowii  in  the  figures  collected  by  Hoff- 
man. In  1886  to  1890,  the  proportion  of 
deaths  from  tubei'culosis  to  deaths  from 
all  causes  amounted  among  Philadelphia 
hatters  to  only  25.3  per  cent.,  but  among 
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Brooklyu  hatters  to  39.1.  In  1890  among 
the  hatters  of  Connecticut,  only  29.1  per 
cent,  of  the  deaths  were  caused  by  tuber- 
culosis, but  among  those  of  New  Jersey 
37.3  per  cent,  were  due  to  this  cause.  In 
Danbury  I  was  assured  by  the  men  in 
the  industry  that  a  search  through  the 
vital  statistics  of  that  city  would  be  use- 
less trouble,  for  it  was  well  known  that, 
if  a  man  died  of  tuberculosis  within  a 
few  years  of  taking  out  insurance,  the 
family  insisted  on  having  the  death  cer- 
tificate made  out  for  some  other  disease 
in  order  to  avoid  diiEculties  with  the  in- 
surance companies.  Nevertheless,  the 
figures  from  Danbury,  when  compared 
with  those  from  cities  in  Connecti- 
cut of  about  the  same  size,  and  Avith 
those  from  the  whole  state  of  Connecti- 
cut, do  show  a  higher  mortality  rate  and 
a  higher  proportion  of  deaths  from 
tuberculosis.  The  following  statement 
has  just  been  secured  from  the  Connecti- 
cut Department  of  Health  for  the  year 
1921. 

Death  Rate  from 

Dtath  Rate  per  Tuberculosis 

Population       1,000  Population  per  1,000 

Dauliuiy     22,325                 15.2  1.21 

Greenwich     ..     22,907                 11.5  O.Gl 

Torringtdii     .  .     S^.sm                   8.U  0.4S 

WlKile    stiite    1,420,57(1                 11.4  0.96 

John  T.  Black,  M.D.,  Commissioner 
of  Health,  writes  that  the  town  nearest 
in  size  to  Danbury  is  Middletown,  but 
that  the  State  Hospital  for  the  Insane 
is  located  there  and  therefore  the  data 
for  this  toAvn  are  not  comparable  with 
those  for  Danbury.  Greenwich,  situ- 
ated at  sea  level,  has,  as  its  principal 
industries,  agriculture  and  the  manufac- 
ture of  woolens,  tinners'  hardware,  iron 
and  belting.  Torrington,  in  a  hilly  dis- 
trict, is  a  manufacturing  city,  the  prin- 
cipal industries  being  the  manufacture 
of  sheet   and   rolled  brass,  copper   and 


spelter  castings,  nickel,  silver  and  gnid 
plated  goods,  needles,  machines,  uphol- 
stery, and  woolen  goods.  One  would  ex- 
pect to  find  the  rate  of  tuberculosis  in 
Torrington  at  least  as  high  as  in  Dan- 
bury. 

SUMMAKY 

Industrial  mercurialism  as  seen  in 
hatters  is  slow  in  onset  and  course,  and 
lacks  some  of  the  characteristics  of  more 
rajjidly  developing  forms  of  this  intoxi- 
cation. Salivation  is  rare,  but  gingi- 
vitis is  fairly  common,  especially  at  the 
beginning.  Carrotters  suffer  more  than 
others  from  blackening  and  erosion  of 
the  teeth.  Tremor  is  the  most  typical 
symi^tom ;  erethism  is  not  common ;  and 
there  are  no  characteristic  findings  in 
the  gastro-intestinal  tract,  the  skin,  the 
urine  or  the  blood. 

Statistical  data  from  the  different 
countries  of  Europe  show  a  much  higher 
rate  of  mercurialism  among  fur  cutters 
and  hatters  in  Belgium,  France  and 
Italy  than  in  England  and  Austria.  Re- 
cent studies  made  in  New  York  City 
and  northeastern  New  Jersey  revealed 
a  great  deal  of  mercurialism  in  these 
trades  and  many  instances  of  the  severer 
forms,  especially  in  fur-cutting  shops. 

The  emery  dust  produced  in  finishing 
(pouncing)  is  excessively  fine  silicious 
dust,  and  constitutes  an  occupational 
hazard  that  is  beyond  dispute,  but  the 
question  of  the  harmfulness  of  the  ani- 
mal dust  produced  in  various  depart- 
ments of  fur  cutting  and  hat  making  is 
in  a  state  of  great  confusion  and  cannot 
be  settled  without  a  much  more  thorough 
examination  of  the  men  and  women  em- 
ployed in  these  processes  than  has  been 
made  so  far. 
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OBSERVATIONS  upon  output  have 
been  relied  upon  in  a  large  number 
(jf  studies  directed  toward  the  investiga- 
tion of  industrial  fatigue;  observers 
have  based  their  estimates  of  the  physio- 
logical results  of  human  activity  upon 
the  fluctuations  of  hourly  or  daily  work- 
curves.  Study  of  these  work-curves 
points  to  the  probable  existence  of  an 
ideal  work-curve;  and,  further,  it  indi- 
cates that,  should  such  an  ideal  curve 
exist,  it  would  be  a  straight  line  showing 
a  slight  steady  rise  from  hour  to  hour 
and  from  day  to  day.  Evidence  is  pre- 
sented in  this  article  in  favor  of  this 
])roposition,  which  is  of  considerable 
importance  in  industrial  work.  Such  a 
cur^'e  would  indicate  that,  at  the  begin- 
ning of  the  day  or  week,  the  operative 
concerned  started  work  very  nearly  at 
a  maximum  rate,  and  that,  as  time  pro- 
gressed, practice  gradually  increased 
his  working  capacity;  it  would  demon- 
strate the  existence  of  a  tine  adjustment 
of  the  operative's  working  powers  to  his 
task  with  a  consequent   elimination  of 

*This  article  is  largely  based  upon  work  carried 
out  either  by  the  author  or  by  his  colleagues  for 
the  Industrial  Fatigue  Research  Board.  Received 
for  publication  May  19,  1922. 


undue  fatigue.  It  would  render  possible, 
h\  intensive  study  of  industrial  opera- 
tions, the  adjustment  of  methods,  hours, 
and  conditions  of  work  in  order  to  en- 
able this  steady  maximum  of  output  to 
be  achieved. 

The  realm  of  sport  affords  many  ex- 
amples of  the  ideal  work-curve.  The 
long-distance  runner  ascertains  exactlj 
what  is  the  greatest  pace  he  can  main- 
tain lap  after  lap,  and  by  long  training 
he  accustoms  himself  to  this  pace. 
Training  for  other  forms  of  sport  is 
similar.  The  chief  point  is  to  insure  a 
constant  attainment  of  maximum  effort 
over  the  whole  period  of  the  contest. 
There  must  be  no  spurting  in  the  early 
part  of  the  race ;  if  the  athlete  has  an 
extra  ounce  of  energy  he  must  save  it 
for  a  final  spurt.  So  must  it  be  in  in- 
dustrial work,  if  the  best  results  are  to 
be  obtained. 

Curves  Drawn  from  Massed  Data 

Examination  of  several  typical  work- 
curves  for  industrial  operations  dis- 
closes support  for  this  contention;  Collis 
and  Greenwood  (1)  have  adduced  curves 
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which  are  of  interest.  Figure  lA  shows 
a  rapid  fall  from  the  first  hour  of  each 
spell  of  work.  This  curve  represents 
heavy,  monotonous  work:  the  task  en- 
tailed hard  physical  exertion  unrelieved 
by  any  variety  of  processes.  Another 
curve  for  a  monotonous  operation,  this 
one  involving  no  strenuous  exertion,  is 
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Fig.  1. — Showing  typical  work-onrves  in  intlusti-y. 

shown  in  Figure  IB.  Here  again  we 
find  the  steady  fall  in  output,  but  as  the 
physical  work  is  lighter  the  fatigue  is 
not  so  marked.  Figure  IC  represents 
work  which  is  light  and  dexterous,  and 
not  monotonous.  Here  the  onset  of  fa- 
tigue is  postponed  until  later  in  the 
spell,  and  the  fall  in  output  is  not  nearly 
so  marked.  Figure  ID  represents  hard, 
varied,  rhythmical  work.  AUhough  the 
work  was  lieavy,  variety  was  intro- 
duced, and  the  rhytlunic  nature  of  the 
operation  militated  against  the  onset  of 
fatigue,  just  as  is  the  case  in  dancing. 


When  variety  and  rhythm  are  present 
we  ajiproach  our  ideal  curve. 

Another  diagram  relating  to  large 
numbers  of  workers  is  reproduced  from 
Vernon's  report  on  British  munition 
factories  (2).  (See  Fig.  2.)  The  top 
curve  (D)  relates  to  men  working  fifty- 
three  hours  a  week  at  turning  and  bor- 
ing 3-inch  shells.  The  work  was  com- 
paratively light,  and  the  hours  not  very 
long,  with  the  result  that  the  work- 
curve  shows  a  steady  rise  to  Friday.  In 
the  remaining  curyes  the  work  was 
heavier  (when  it  is  considered  that,  for 
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Fig.  2. — ^Showina  comparative  work-cnives  of 
workers  in  various  factories.  A= curve  for  140 
women  working  57.4  hours  a  week  at  cartridge- 
case  (rifle)  operations;  I5=cnrve  for  1,000  women 
working  5S%  hours  a  week  at  latlie  operations,  and 
stamping  fu.se  parts;  C=curve  for  1,0(K)  men  and 
300  women  working  58%  liours  a  week  at  lathe 
operations,  presses  for  IS-pound  cartridge  cases, 
etc.:  I)  =  curvp  for  o:ght.v-one  men  working  53  hours 
a  week  at  turnin.i;  and  boring  3-inch  shells. 


the  most  part,  women  were  concerned), 
and  the  hours  longer.  These  curves 
show  a  steep  rise  in  the  early  part  of  the 
week  and  a  falling  off  from  Wednesday 
or  Thursday.  Apparently  the  week-end 
rest  did  not  suffice  for  full  recuperation 
from  fatigue,  but  practice  caused  a  rise 
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in  output.  As  the  Aveek  progressed  fa- 
tigue overcame  the  effects  of  practice, 
and  output  fell. 

The  report  on  an  investigation  into 
the  effect  of  hours  of  work,  carried  on 
under  F.  S.  Lee  (3),  lends  further  sup- 
port to  the  contention.  One  diagram. 
Figure  3,  will  suffice  as  illustration. 
This  diagram  shows  the  comparative 
maintenance  of  output  at  two  factories, 
one  an  eight-hour  plant  and  the  other 
a  ten-hour  plant.  The  curve  of  the 
eight-hour  plant  shows  a  much  closer 
approximation  to  maximum  output  than 
does  that  of  the  ten-hour  plant,  and  the 
ratio  of  the  output  in  the  second  spell  to 
that  in  the  first  is  much  higher  in  the 
plant  where  the  shorter  hours  were 
worked. 


Output  of  Individual  Operatives 

Previous  Observations. — In  an  in- 
vestigation in  boot  and  shoe  factories, 
Loveday  and  IMunro  (4)  found  that: 

Where  two  or  more  records  of  output  are 
available  for  the  same  operation,  the  more 
highly-skilled  operative  has  a  more  regular 
graph,  and  shows  less  inclination  to  fall  off 
towards  the  end  of  the  week  than  the  opera- 
tive with  a  lower  average  output.  This  phe- 
nomenon occurs  so  frequently  that  a  very 
irregular  graph  or  serious  falling  off  begin- 
ning early  in  the  week  will  in  the  very  great 
majority  of  cases  be  found  to  coincide  with 
a  low  output.  Where  a  workman  is  com- 
paratively unskilled  or  ill-suited  to  his  job, 
his  output  curve  tends  to  be  irregular  or  to 
drop  as  the  week  passes,  whereas  the  skilled 
operative,  emploj^ed  on  congenial  work,  shows 
a  curve  approaching  more  nearly  to  the  ideal 
of  a  rise  throughout  the  week. 


Teji'HooR  FmnT. 
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Fig.     3. — Showing    comparative    outputs    i 
eight-hour  plant  and  a  ten-Jiour  plant. 


The  foregoing  examples  show  that 
with  greater  variety  and  shorter  hours 
of  work  there  is  closer  approximation 
to  our  ideal  curve.  These  curves,  how- 
ever, do  not  show  the  output  of  single 
operatives ;  they  refer  for  the  most  part 
to  large  groups  of  workers,  and  in 
massing  data  in  tliis  way  the  individual 
is  lost  sight  of.  Grouping  tends  to 
smooth  out  irregularities,  and  for  this 
reason  a  study  of  tlie  output  of  individ- 
ual operatives  Avill  serve  our  purpose 
better  than  a  prolonged  examination  of 
figures  concerning  whole  factories  or 
whole  departments. 


In  their  report,  Loveday  and  Munro 
give  many  diagrams  in  support  of  this 
statement.  It  will  be  sufficient  for  our 
present  purpose  to  reproduce  the  first 
of  these  charts  (Fig.  4),  which  shows  the 


Fig.  4. — ^Showing  at-tual  average  daily  output  of 
four  bottom  scourers. 
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average  work-curves  of  four  Ijottom 
scourers.  The  curve  of  the  most  highly 
skilled  workman  shows  a  rise  through- 
out the  week,  while  the  curves  of  the 
other  three  men  reach  their  highest 
poiut  on  Wednesday  and  then  fall 
rapidly  away.  The  poorest  man  of  the 
group  shows  a  slight  dip  from  Monday 
to  Tuesday. 

New  Obserratio)is. — Since  the  publi- 
cation of  the  report  by  Loveday  and 
Munro,  the  writer,  working  for  the  In- 
dustrial FatigTie  Research  Board,  has 
examined  the  daily  records  of  output 
from  other  boot  and  shoe  factories. 
These  records  confirm,  to  a  remarkable 
extent,  the  findings  of  Loveday  and 
^lunro ;  and  as  the  data  are  hitherto 
unpublished  they  are  dealt  with  more 
fully.  In  each  case  the  output  over  a 
period  of  twenty  to  twenty-four  weeks 
was  considered.  Records  for  Saturday, 
on  account  of  the  well-recognized  in- 
fluences which  atfect  the  output  of  tliis 
half-day,  have  been  omitted;  and  in 
some  cases,  owing  to  peculiarities  in 
the  methods  of  "booking"  work,  the 
figures  for  Monday  or  Friday  have  had 
to  be  ignored.  Table  1  gives  the  av- 
erage output  of  operatives  at  Factory 
A,  where  the  chief  product  was  women's 
boots. 

Hed  Scouring. — While  the  best  man 
reaches  his  maxinnim  on  Wednesday, 
and  the  other  two  on  Thursday,  the  best 
man  has  only  a  slight  fall  from  his  maxi- 
mum and  remains  almost  steady  from 
Thursday  to  Friday.  Of  the  two  men 
with  maximum  outputs  on  Thursday,  the 
poorer  man  lias  a  slight  dip  on  AVednes- 
day  and  a  steep  fall  from  Thursday  to 
Friday,  while  the  better  man  shows  a 
rise  in  output  to  Thursday  and  a  much 
sligliter  fall  to  P"'i'iday. 

fird  Trimming.  —  Only  one  man's 
record  was  obtained.  He  is  recognized 
as  a  highlv-skilled  worker — the  best  for 


his  operation  in  the  factory  —  and  his 
output  8lu)ws  a  Thursday  maximum. 
The  level  of  his  output  varies  but  very 
slightly,  the  mean  variation  of  the  daily 
averages  being  only  0.2  per  cent,  of  his 
average  output. 

Bottom  Scouring. — The  better  man 
has  his  maximum  on  Wednesday,  the 
poorer  man,  on  Thursday;  but  the  bet- 
ter man's  fall  to  Thursday  is  only  0.2 
per  cent.,  and  his  curve  is  more  regular 
than  that  of  the  poorer  man.  The  out- 
l)ut  of  tlie  latter  falls  much  more  steeply 
from  Thursday  to  Friday. 

Seat  Wheeling. — The  best  man  in  this 
group  reaches  his  maximum  on  Thurs- 
day, the  second  on  Tuesday,  and  the 
third  on  Thursday.  The  fourth  man, 
w^hose  output  is  by  far  the  lowest,  shows 
practically  a  straight  line  curve.  This 
last  man  is  about  70  years  of  age,  and 
liis  unusually  regular  curve  is  prolialily 
due  to  his  having  adopted  some  limita- 
tion of  output  as  a  measure  of  self-i)ro- 
tection. 

Edge  Setting. — The  ])est  man  has  a 
defimte  maximum  on  Wednesday,  the 
second  on  Tuesday,  and  the  third  on 
Alonday.  The  fourth  man's  output 
reaches  a  maximum  on  Tuesday,  but  the 
rise  from  Monday  to  Tuesday  is  only 
slight.  Monday  is  the  best  daj^  for  the 
fifth  man.  The  sixth  has  a  maximum  on 
Wednesday,  and  then  falls  away.  Tlie 
seventh  man  has  a  very  erratic  curve ; 
his  output  reaches  a  maximum  on  Tues- 
day. 

Pulling  Over. — All  three  men  have  a 
maximum  on  Wednesday.  The  worst 
man  has  the  steepest  fail  I'ldin  Wednes- 
day to  Thursday. 

Cotisolidated  Lasfing.  —  These  nu'U 
reach  their  maximum  on  Wednesday, 
and  their  curves  are  practically  the 
same.  Men  on  this  o|)('ratioii  work  as  a 
team,  hence  the  similarity  in  tlieii'  ont- 
puts. 
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Knocking  Up  {Pounding  Up). — The 
"best  of  these  three  men  has  his  highest 
output  on  Wednesday ;  the  other  two,  on 
Tuesday.  The  best  man  has  the  most 
even  output.  Of  the  two  worst  men,  the 
better  recovers  on  Thursday,  while  the 
other  continues  to  fall  away. 

Getting  Off. — The  first  man  has  his 
best  day  on  Thursday.  Although  the 
second  man  has  his  maximum  on  ]\Ion- 


from  Tuesday  to  Friday  only  is  con- 
sidered. 

Heel  Scouring.  —  Both  men  have 
their  highest  output  on  Tuesday,  but  the 
better  man  recovers  to  a  greater  extent 
on  Thursday  than  does  the  other  man. 

Edge  Trimming.  —  In  this  operation 
both  men  reach  their  maximum  on  Wed- 
nesday. The  better  man  has  the  more 
variable  curve,  but  his  greater  varia- 


tablp:  1.— siiowix(;  actial  average  daily  oiTrrx  von  operatives  at  factory  a 


Operatives  in 

Whole 

.V 

vcragc  Daily 

1  luti)ut  in 

fairs  for 

Operation 

Order  of 

Merit 

I'eriod 

Monday 

Tuesday     W^ 

I'dnesday 

Thursday 

Friday 

Heel  scouring 

1 

575.2 

.580.3 

574.0 

■')8.>..i 

570.4 

569.3 

2 

512.6 

511.2 

508.9 

515.2 

51!>..i 

508.3 

3 

4!)2.9 

485.4 

499.3 

495.0 

501.11 

482.7 

Heel  trimming 

1 

9;!4.2 

933.7 

932.7 

9.34.9 

938.2 

931.4 

Bottom  scouring 

1 

(WIj.SI 

627.0 

645.1 

650.2 

649.0 

613.1 

2 

572.5 

558.8 

580.4 

586.6 

596.7 

540.0 

Seat  wheeling 

1 

573.4 

581.3 

575.0 

575.0 

586.3 

549.4 

2 

543.S 

529.7 

565.1 

542.6 

543.3 

5a8.3 

3 

530.4 

523.6 

541.0 

546.4 

."►-19.3 

.536.7 

4 

380.9 

374.7 

383.4 

383.3 

.".79.3 

383.6 

Edge  setting 

1 

1S1.7 

179.1 

182.5 

186.0 

1M.3 

179.6 

2 

1S1.3 

179.3 

IH.1.9 

182.8 

1.81.5 

178.9 

3 

177.1 

1S2.:, 

178.5 

175.1 

177.4 

172.0 

4 

176.7 

178.9 

nn.6 

175.5 

174.0 

175.3 

5 

175.7 

178.0 

176.3 

174.9 

175.4 

174.1 

B 

174.3 

175.9 

174.0 

176.8 

174.6 

170.1 

7 

17.3.5 

173.9 

nn.o 

170.6 

175.9 

16.8.0 

Pulling  over 

1 

444.3 

4:!5.2 

447.3 

.',.','1.0 

445.8 

— 

2 

417.2 

410.1 

419.(1 

JiU.l 

418.5 

— 

3 

382.5 

379.4 

380. 7 

3S8.<) 

380.9 

— . 

Consolidated  lasting 

1 

192.1 

18T.5 

192.5 

195.4 

193.1 

— 

2 

191.6 

187.2 

193.3 

194.7 

192.1 

— 

3 

191.6 

187.5 

192.6 

193.4 

193.1 

— 

Knocking  up 

1 

678.2 

667.6 

667.8 

698.8 

668.5 

— 

(Pounding  up) 

2 

661.8 

645.0 

676.9 

654.7 

670.5 

— 

3 

6.35.7 

621.8 

648.0 

643.1 

630.0 

— 

(Jetting  off 

1 

39S.9 

399.0 

40O.4 

392.6 

403.7 

— 

2 

370.8 

J~1.6 

369.4 

370.7 

371.4 

— 

3 

313.2 

.3.39.5 

;i40.0 

345.0 

S48.2 

— 

4 

215.6 

213.4 

211.8 

223.^ 

213.7 

— 

day  he  has  almost  the  same  output  on 
Thursday ;  his  curve  is  almost  a  straight 
line.  The  third  man  shows  a  steady 
rise  to  Thursday;  the  fourth  falls  from 
Wednesday  to  Thursday.  The  two 
best  men  have  the  straightest  curves, 
while  the  curve  of  the  worst  man  is  the 
most  erratic. 

Averages  of  daily  output  for  oper- 
atives at  Factory  B  are  given  in  Table  2. 
At  this  factory,  Saturday's  and  Mon- 
day's outputs  are  grouped  together  in 
the  company's  books,  hence  the  output 


bility  is  probably  due  to  the  fact  that 
this  man,  though  a  highly-skilled  worker, 
is  in  a  poor  state  of  health  and  is  notably 
a  bad  timekeeper. 

Getting  Beadij. — The  best  man  of  this 
group  reaches  his  maximum  on  Friday, 
the  second  man  on  Thursday,  and  the 
third  on  Tuesday.  The  worst  man 
reaches  his  acme  on  Thursday,  but  his 
output  falls  steeply  from  Tuesday  to 
Wednesday,  and  more  steeply  from 
Thursday  to  Friday :  his  curve  is  very 
erratic. 
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Edge  Setting. — Here  the  two  best  meu 
have  their  maximum  outputs  on  Wed- 
nesday. The  better  of  these  has  the 
slighter  fall  from  Wednesday,  and  liis 
fall  is  checked  on  Friday;  while  the 
worse  man  shows  a  steep  fall.    The  third 


Figures  5  to  10  illustrate  this  point. 
Not  all  the  men's  records  are  illustrated 
in  this  way,  but  with  only  one  or  two  ex- 
ceptions this  phenomenon  holds  good. 

It  seems,  then,  that  wdiether  we  con- 
sider the  average  dailv  values   or  the 


TABLE  2.— SHOWING  ACTUAL  AVERACiE  DAILY  (UTI'T  T  FOR  OI'ERATIVES  AT  FACTORY   B 


Operatives  in 

Whole 

.\vera 

^e  Daily 

Output  in  Pairs 

for 

Operatiou 

Order 

of 

Merit 

Period  i 

Tue.-^day 

Wednesday 

Thursday 

Friday 

Heel  scouring 

1 

1S6.8 

J92.1 

186.1 

191.1 

178.1 

2 

125.6 

1S3.S 

125.0 

126.8 

116.S 

Edge  trimming 

1 

.S81.6 

371.S 

40a.2 

377.8 

367.7 

2 

266.9 

257.7 

273.6 

268.1 

268.S 

Getting  ready 

1 

156.7 

155.7 

155.2 

157.0 

158.7 

2 

150.5 

150.S 

149.5 

151.3 

150.4 

3 

119.5 

120.9 

119.6 

118.0 

119.4 

4 

96.0 

99.3 

92.8 

100.0 

92.0 

Edge  setters 

1 

199.8 

195.6 

209.2 

197.S 

1965 

2 

189.3 

190.6 

207.0 

191.7 

167.8 

3 

174.9 

175.6 

175.4 

178.7 

170.0 

1  It  was  impossible  to  secure  the  output  for  Monday   owing   to 
urday's  outputs  were  grouped  together  in  the  company's  records. 


the   fact    that    Monday's   and   Sat- 


man  reaches  his  maximum  on  Thursday, 
and  his  curve  is  the  steadiest.  He  is 
recognized  as  a  steady  worker  who  takes 
life  easily,  and  it  is  practically  certain 
that  he  does  not  Avork  to  his  full  ca- 
pacity. 

DlSTRIBL'TIOX    OF    OuTPI'T 

The  figures  just  examined  show  the 
average  values  for  each  day  of  the  week. 
They  show  clearly  that  in  almost  every 
case  the  best  workman  has  the  most  reg- 
ular average  curve,  and  that  this  curve 
approaches  most  nearly  to  the  ideal  of 
a  steady  rise  throughout  the  week.  The 
question  arises  whether  the  most  skilled 
man  is  actually  the  most  consistent 
worker  if,  instead  of  averages,  the  out- 
put of  indiAndual  days  is  taken.  This 
point  may  be  tested  by  arranging  each 
man's  record  in  the  form  of  a  frequency 
distribution.  Generally  the  best  worker 
is  found  to  have  his  output  values  moi-e 
closely  grouped  about  the  mode  (or  most 
usual  figure)  than  have  his  fellow-work- 
men.   The  frequency  polygons  shown  in 
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frequency  distributions  of  output,  we 
find  that  the  unskilled  worker  is  more 
erratic  than  his  more  highly-skilled 
workmate. 

Another  interesting  point  is  brought 
out  in  the  frequency  polygons  shown  in 
Figures  5  to  10.  In  several  instances 
men  on  the  same  operation  show  simi- 
lar modal  values,  but  the  better  man  has 
more  observations  falling  above  the 
mode,  and  fewer  below  it,  than  has  the 
poorer  man.  Figures  5  and  6  clearly  il- 
lustrate this  point  in  the  case  of  bottom 
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Fig.  6. — Showing  output,   in   pairs 
lers  over  at  Factory  A. 


of  tliree  pul- 


wliose  output  level  is  very  low,  has  a 
noticeable  frequency  at  this  figure.  At 
Factory  B  the  three  edge  setters  (Fig. 
8)  show  a  well-defined  frequency  of  out- 
put of  from  190  to  200  pairs  per  day,  and 
the  best  man  has  an  output  of  over  200 
more  frequently  than  the  others.  There 
is  a  very  considerable  difference  between 
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scourers  and  pullers  over  at  Factory  A- 
In  the  group  of  four  getters  off  (Fig. 
7)  it  is  again  noticeable.  Operative  No. 
1  does  not  entirely  agree,  but  the  other 
three  men  of  the  group  show  a  markedly 
frequent  occurrence  of  output  of  from 
320  to  340  pairs  a  day.    Operative  No.  4, 


l-'^G.   7. — Showing   output,   in   pairs,   of   four   get- 
ters off  at  Factory  A. 


the  efficiencies  of  the  two  heel  scourers 
at  Factory  B ;  the  better  man  averages 
three  pairs  to  the  other  man's  two  pairs, 
yet  their  frequency  distributions   (Fig. 
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9)  shoAv  a  tendency  toward  an  output 
of  about  laO  pairs.  A  somewhat  similar 
diagram  is  shown  in  the  case  of  the  two 
edge  trimmers. 

At  both  factories  payment  is  by  a 
supplementary  piece  rate,  that  is,  any 
output  above  the  standard  for  the  op- 
eration is  paid  for  at  a  uniform  piece 
rate.  The  similar  modes  in  the  fre- 
quency    distributions,     therefore,     are 


Other  Examples  of  Output 

An  interesting  example  is  aiforded  in 
a  report  on  "Motion  Study  in  Metal  Pol- 
ishing" by  Farmer  and  Brooke  (5). 
Certain  girls  were  efnployed  "rough- 
ing" spoons,  an  operation  which  re- 
quired them  to  stand  at  their  macliines 
all  day.  The  process  of  glazing  was  in- 
troduced to  assist  the  "roughers,"  and 
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Fig.    9. — ^Sliowiiij;   init|iul.    in    pair 
scourers  at  l'"actory  I'. 
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clearly  not  due  to  the  operation  of  any 
premium  bonus.  There  appears  to  be 
some  understanding  as  to  what  consti- 
tutes a  good  day's  work,  and  the  highly- 
skilled  woi'ker  often  exceeds  this  tigure, 
and  rarely  falls  below  it.  On  the  other 
hand,  the  operative  whose  skill  is  less 
strives  to  attain  this  figure  and  fails  to 
reach  it  more  often  than  he  exceeds  it. 
This  constant  effort  on  the  part  of  the 
less-skilled  worker  may  account  for  the 
earlier  decline  of  liis  average  weekly 
curve. 


at  this  operation  the  girls  were  enabled 
to  sit.  The  output  of  one  girl  is  given  in 
Tables  3  and  4.  Observations  were 
made  continuously  for  two  days.  On 
the  first  day  the  girl  was  engaged  in 
roughing  tablespoons  without  glazing, 
and  on  the  second  day  she  glazed  the 
edges  of  the  spoons  before  roughing 
them.  'I'lic  tables  give  the  actual  time 
taken;  all  unproductive  time,  .such  as 
that  taken  for  rests  or  for  getting  fresh 
work,  is  omitted. 
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Ou  the  second  day  when  the  edges 
were  glazed  the  girl's  output  Avas  ac- 
tually increased  by  eight  spoons.  On 
the  first  day  she  took  twenty  minutes 
longer  to  rough  the  last  three  dozen 
spoons  than  to  rough  the  first  three 
dozen;  but  on  the  second  daj-  her  time 
for  roughing  was  only  eight  minutes 
longer  at  night  than  in  the  morning.  The 
investigators  concluded   that   "there  is 


than  when  she  is  standing,  yet  there  siTins 
to  be  more  buoyancy  in  the  former  case. 
Thus  in  the  mornin<]t  the  cvirve  representing' 
work  sitting  constantly  reaches  the  standard 
of  the  first  hour's  work,  and  although  it  drops 
below  it  in  the  afternoon,  yet  it  exceeds  it  in 
one  spurt  at  4  o'clock.  On  the  other  hand, 
the  curve  representing  work  standing,  except 
for  two  spurts  at  12  o'clock  and  4  o'clock, 
never  touches  the  standard  reached  during 
the  first  hour 's  work  of  the  morninir. 


d£l 


no.2. 


Fig.  10. — Showing  output,  hi  pairs,  of  two  edge 
trimmers  at  Factory  B. 


a  strong  probability  that  the  introduc- 
tion of  glazing  diminishes  the  fatigue  of 
the  worker  by  enabling  her  to  sit  at  her 
work  for  certain  periods  during  the 
day."  This  diminution  of  fatigue  is  ac- 
companied by  a  nearer  approximation  of 
the  work-curve  to  the  ideal,  as  will  be 
seen  from  a  comparison  of  the  roughing 
times  in  Tables  3  and  4. 

Another  instance  may  be  quoted  from 
the  same  report.  The  output  of  an 
"outside  grease  dollier"  was  ascer- 
tained when  she  worked  standing  and 
when  a  comfortable  seat  was  provided. 
In  this  case  the  investigators  found 
that : 


1.  The  output  when  the  worker  is  seated 
is  higher  than  when  she  is  standing.  Thus 
the  average  half-hourly  output  throughout 
the  day  is  18.1  units  when  sitting  and  16.3 
units  when  standing. 

2.  Although  the  fluctuations  in  her  out- 
let   curve    when   she    is    seated    are    greater 


TABLE  3.— OUTPUT  OF  WORKER  1,t 

( Rdiii/liiiKj    Onlii) 

Kate  of  Work  Hour 

Sixions             I  Jlinutes  iier  3  Doaen  I  Completed 

First  3  dozen lOOi^  10.47  .\.m. 

Second   3   dozen 119yi  2.03  p.m. 

Third  3  dozen 98;/%  4.19  p.m. 

Last   Iti   12(11/2  5.25  p.m. 

124  At.   108  


TABLE    4.— OUTrUT    OF   WORKER    15 

((JldziiiH   iiiiil    Roiighinij } 

Rate  (It  Work 
(Minutes  per  '■',  Dozen)  Hour 

Spoons       Glazing  Roughing     Total      Completed 


First   20.... 

32  V. 

77  Vo 

110 

9.17  .\.M 

First  3  dozen 

20 

80 

100 

11.31    A.M 

Second  3  doz. 

29 

77 

106 

2.43  p.M 

Third  3  doz. 

.33 

851/2 

llSVa 

5.09iy2  P.M 

Last  4   





— 
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All  investigation  now  being  carried  on 
by  Dr.  H.  M.  Vernon  and  the  writer  is 
affording  someAvhat  similar  results. 
The  output  of  a  group  of  girls  engaged 
in  labelling  small  packets  shows  that,  on 
the  whole,  the  quickest  workers  ap- 
proach most  nearly  to  a  rise  throughout 
the  day.  The  slowest  workers  show  a 
greater  fall  in  output  as  the  day  pro- 
gresses. 

No  reference  has  so  far  been  made 
to  the  influence  which  social  habits  may 
exert  on  the  work-curve;  one  influence 
must,   however,   be   noted — namely,   the 
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use  of  alcohol.  Stehr  (6)  Las  pointed 
out  tliat  the  moi"e  a  workman  indulges 
in  immoderate  iise  of  alcohol  during  the 
week-end,  the  more  his  work-curve 
shows  a  steady  upward  direction  in  the 
course  of  the  week.  This  result  Stehr 
ascribes  to  the  disappearance  of  intoxi- 
cation. Although  the  curve  of  such  a 
worlonan  tends  to  rise  as  the  week  ad- 
vances, yet  it  rises  much  more  steeply 
than  does  the  ideal  curve ;  this  phenom- 
enon is  shown  graphically  in  Figure  11 
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Fig.  11. — Showing  eoinpiirative  \V(irk<-uryes  of 
two  solderers  in  a  Cologne  umbrella  factory,  t'u- 
broken  liue=steacly  man;  broken  line=man  easily 
I)ersuaded  to  drink. 

drawn  from  records  given  by  Stehr.  The 
records  upon  which  it  is  based  are  av- 
eraged on  the  output  of  four  weeks  at 
the  monotonous  process  of  soldering 
iron  rods  over  a  coal  fire — work  which 
required  no  particular  intelligence  or 
manual  dexterity.  There  should  gener- 
ally be  no  difficulty  in  distinguishing  the 
steeply  rising  work-curve  of  a  week-end 
drinker  from  the  gentle  ascent  of  the 
ideal  work-cur\"e. 

Summary 

Exani])lcs  have  boon  given  which  show 
that : 

1.  Where  there  was  a  variety  of 
work  and  the  operation  was  of  a  rhyth- 
mic nature,  a  rapid  fall  in  output  was 
avoided  and  the  work-curve  remained 
steady  with  a  tendency  to  rise  through- 
out the  day. 

2.  When    the    liours    of    work    were 


shorter  and  Avork  lighter,  the  output 
rose  throughout  the  week;  while  with 
longer  hours  and  heavier  work  the  out- 
put curves  were  increasingly  irregular 
with  a  rapid  falling  off  toward  the  week- 
end. 

o.  At  a  factory  with  an  eight-hoUr 
day  there  was  a  closer  approximation 
to  an  even  maximum  output  than  at  a 
factory  with  a  ten-hour  day. 

4.  Individual  output  records  show 
that  in  boot  and  shoe  factories,  in  prac- 
tically every  grouiD  of  workers  consid- 
ered, the  best  Avorker  of  a  group  had  a 
graph  rising  toward  the  end  of  the  week, 
while  the  poorer  Avorlanan's  curve  fell 
earlier  in  the  Aveek  and  Avas  more  irreg- 
ular. Consideration  of  frequency  dis- 
tributions re\"eals  the  fact  that  the  bet- 
ter AVorker  was  consistently  steadier 
than  his  fellow-workmen. 

5.  In  a  group  of  girls  labelling  small 
packets,  the  quickest  Avorker  Avas  gen- 
erally the  steadiest. 

6.  Other  examples  show  that  Avhere 
fatigue  Avas  lessened  by  the  proA'ision  of 
sitting  accommodation,  output  was 
higher,  and  the  AA'ork-curve  came  nearer 
to  our  ideal  of  a  rise  throughout  the  day. 

Co^^CLUSION 

While  each  of  these  examples  in  itself 
may  be  of  little  significance,  each  lends 
support  to  the  others.  Especially  re- 
markable are  the  hitherto  unpublished 
boot  and  shoe  data;  in  almost  every 
group  of  Avorkers  the  same  connec- 
tion betAveen  efficiency  and  steadiness 
was  found.  The  Avork-curA^es  of  the  best 
workers  and  of  those  employed  under 
the  best  conditions  almost  invarial)ly 
tended  toAvard  a  steady  rise  tlirougli- 
out  the  day  and  thi-ougiiout  tlic  week. 
The  definition  of  the  ideal  work-cui've 
given  at  the  beginning  of  this  paper 
seems  to  have  been  amply  justified. 
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If  human  effort  in  industry  is  to  be 
used  to  the  best  advantage,  steadiness 
at  work  must  be  encouraged  and  use- 
less spurting  at  the  beginning  of  the  day 
must  cease.    As  Farmer  (7)  says,  "The 


race;  far  more  often  the  slow  strolce  is 
more  effective,  and,  generally,  such  a 
system  is  more  effective  because  it  is 
slow  and  allows  for  plenty  of  time  to 
recuperate  between  each  effort.     So  it 


fast  stroke  does  not  alwavs  win  a  rowing     must  also  be  in  industry. 
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IxTKODt'CTIOX 


Methods 


OXE  of  us  (L.  H.,  1)  has  pointed  out 
that  more  care  should  be  taken  to 
arrange  atmospheric  conditions  in  fac- 
tories, etc.,  to  suit  the  nature  of  the  work 
being  done.  The  heavier  the  work,  the 
higher  will  be  the  cooling  power  of  the 
atmosphere  required  to  maintain  com- 
fort. Observations  made  in  many  work- 
shops where  vigorous  muscular  work 
was  done  showed  that  the  cooling  power 
of  the  atmosphere  as  measured  by  Hill's 
kata-thermometer  was  far  too  low,  and 
that  sweating  and  discomfort  were  inev- 
itable. In  these  workshops  no  one 
seemed  interested  in  the  matter  and  no 
one  was  sufficiently  skilled  to  regulate 
the  ventilation  in  order  to  produce  a 
suitable  cooling  power. 

In  the  present  paper  we  endeavor  to 
prove  from  physiological  experiments 
that  there  are  fundamental  reasons  why 
more  attention  should  be  paid  to  these 
matters.  From  what  has  already  been 
published  by  workers  on  respiratory  ex- 
change and  metabolism  during  muscular 
work,  it  seems  to  us  that  no  great  atten- 
tion has  been  paid  by  them  to  the  effects 
of  unsuitable  atmospheric  and  bodily 
conditions.  Their  experiments  have 
nearly  all  been  carried  out  with  tlie  sub- 
ject very  liglitly  clothed,  and  not  under 
such  ill-ventilated  conditions  as  are 
often  met  in  workshops  where  workers, 
in  many  cases,  wear  their  usual  clothes. 

♦Ueceivi'd  for  ii\il>li(Utioii  May  10,  1!):^:;. 


^lost  of  our  experiments  were  carried 
out  on  a  trained  subject,  C.  P.,  who  has 
been  employed  in  such  experiments  for 
nearly  two  years.  Many  experiments 
were  done  with  ourselves  as  subjects, 
with  results  very  similar  to  those  for  our 
subject  C.  P.  Only  short  periods  of 
work  are  considered  here. 

For  respiratory  exchange  we  used  the 
Douglas-Haldane  method  as  recom- 
mended by  Cathcart  (2).  For  observa- 
tions on  resting  metabolism  a  ten-min- 
ute sample  was  usually  taken,  while  dur- 
ing work  at  a  controlled  rate  and  lift  of 
weight,  a  three-minute  sample  was 
found  to  be  sufficient.  The  sample  was 
collected  during  the  last  three  minutes 
of  work,  care  being  taken  that  the  gen- 
eral conditions  were  not  affected  by  the 
collection.  Duplicate  analyses  were  made 
of  every  sample  of  expired  air,  the  aver- 
age result  being  used  for  the  calcula- 
tion. Readings  from  wet  and  dry  bulb 
thermometers,  from  wet  and  dry  kata- 
thermometers,  from  axillary  and  cheek 
temperatures  and  the  rate  of  pulse  were 
recorded.  The  pulse  was  counted  both 
while  the  subject  was  at  work  and  im- 
mediately after  he  stopped  work. 

To  obtain  various  kata-thermometer 
cooling  powers  we  used  three  rooms :  an 
ordinary  laboratory  room  with  a  gas  fire 
and  well  ventilati'd  l>y  windnws  opened 
eiKiugli  for  comfoi-t  during  sedentary 
work — that  is,  with  a  dry  kata-thermom- 
elei'  cooling  power  of  about  (!  1o  7  luilli- 
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calories  per  square  centimeter  per  sec- 
ond ;  a  warm,  stagnant  room  with  a  dry 
kata-thermometer  cooling  power  vary- 
ing from  3.9  to  5  millicalories  per 
square  centimeter  per  second;  and  a 
long,  narrow,  closed  passage  fitted  up 
as  a  wind  tunnel  with  a  large  fan  at 
one  end  which  could  be  driven  at  various 
rates  to  .  produce  winds  of  various 
sjjeeds;  as  this  tunnel  was  out  of  doors 
and  not  artificially  heated,  the  cooling 
power  during  our  experiments  in  winter 
was  aboixt  10  millicalories  per  square 
centimeter  per  second  wth  the  fan  at 
rest,  and  of  course  much  higher — about 
25 — if  the  fan  was  used. 

From  the  results  given  in  the  tables  it 
will  be  observed  that  we  have  expressed 
the  body  heat  production  in  millicalories 
per  square  centimeter  per  second,  as  this 
is  the  method  of  expressing  heat  loss  as 
measured  by  the  kata-thermometer.  The 
body  heat  production  is  also  expressed 
in  terms  of  calories  per  diem.  The  ob- 
servations were  made  a  few  hours  after 
a  light  meal,  consisting  mainly  of  car- 
bohydrate. 

Cooling  Power  and  Efficiency 

The  results  of  the  experiments  per- 
formed in  order  to  determine  the  effect 
of  cooling  power  on  efficiency  are  given 
in  Table  1.  In  determining  the  efficiency 
we  have  followed  fairly  closely  the 
methods  of  Benedict  and  Cathcart  (3). 
The  terms  "gross  efiiciency"  and  "net 
efiiciency ' '  are  employed  by  us  with  their 
usual  meaning.  Thus,  gross  efiiciency 
means  the  number  of  calories,  used  up 
by  the  external  work,  expressed  as  per- 
centage of  the  total  calories  found ;  while 
net  efficiency  means  the  number  of  cal- 
ories, used  up  by  the  external  work,  ex- 
pressed as  percentage  of  the  total  cal- 
ories minus  the  metabolism  while 
the  subject  is  sitting  at  rest  on  the  er- 


gometer.  The  efiiciency  designated  "  E  " 
on  Table  1  was  obtained  by  using  the 
total  calories  found  and  the  total  kilo- 
grammeters  of  work  performed  in  each 
experiment  marked  B  as  the  basal  fig- 
ures for  each  experiment  marked  C;  in 
each  experiment  B,  a  smaller  amount  of 
work  was  performed  than  in  each  exper- 
iment C.  We  have  taken  the  usual 
standard  figures  0.00234  Calories  as 
representing  the  heat  used  in  the  per- 
formance of  1  kilogrammeter  of  external 
work.  In  all  experiments  B  and  C  shown 
in  Table  1,  the  rate  of  pedalling  was 
about  seventy  revolutions  per  minute, 
this  rate  being  the  rnost  suitable,  as 
pointed  out  by  Benedict  and  Cathcart 
(3).  In  each  experiment  B,  the  subject 
worked  against  a  pressure  of  2  kg.,  and 
in  each  experiment  C  against  a  pressure 
of  2.5  kg.,  Schuster's  (4)  modification  of 
Martin's  bicycle  ergometer  being  em- 
ployed. 

From  Table  1,  it  will  be  seen  that  we 
carried  out  experiments  with  dry  kata 
cooling  powers  varying  from  3.9  in  the 
warm  room  to  11.2  in  the  cool  tunnel,  with 
practically  no  change  in  the  muscular 
efficiency  for  the  work  performed.  Thus, 
in  experiment  3B  under  a  cooling  power 
3.9,  we  found  that  the  gross  efficiency 
was  15.1  and  the  net  efficiency  18.4 ;  while 
in  experiment  7B  under  a  cooling  power 
11.2,  that  is,  nearly  three  times  as  great, 
we  found  practically  the  same  figures  for 
the  efficiencies — namely,  14.8  and  18-5, 
respectively — so  that  witliin  this  great 
range  of  cooling  power  and  under  the 
conditions  of  experiment  specified,  cool- 
ing power  had  no  effect  on  muscular  effi- 
ciency. We  shall  later  endeavor  to  show 
that  with  regard  to  pulse  rate  and  com- 
fort the  higher  cooling  powers  possessed 
great  advantage  over  the  lower  cooling 
powers. 

In  experiment  6A,  the  subject  sat  for 
half  an  hour  in  a  hot  room  at  35.5°C. 
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TABLE  1.— COOLING  POWER  AND  EFFICIENCY 
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6.44 

22.1 

15.6 

19.6 

— 

7.51 

26.1 

16.9 

20.0 

24.8 

At  rest,  on  ergometer;  ordinary  clothing:  conifortalile :  some 
movement. 

Working  on  ergometer :  stripped  to  waist :  comfortable. 

Working  on  ergometer;  stripped  to  waist;  very  hot  and  uncom- 
fortable, perspiring. 


At  rest,  on  ergometer;   ordinary  clotliing;  comfortable. 

Working  on  ergometer;  ordinary  clothing;  warm. 

Working  on  ergometer;  ordinary  clothing.  At  12:27,  when  pulse 
reached  144,  oxygen  was  administered  until  12  ;37,  greatly 
relieving  respiration  and  reducing  pulse  to  1.30;  uncomfort- 
ably hot  and  perspiring. 


At  rest,  on  ergometer;  ordinary 
Working  on  ergometer;  ordiiKiry 
Working  on  ergometer;  ordinary 


cloiliiiig:   (■(iiiifort.-ilile. 
•l.ithinu:  (■(iiiifortabli', 
•lotliing;  .perspiring  slightly. 


At  rest,  on  ergometer;  ordinary  clothing;  comfortable. 
Working  on  ergometer ;  ordinary  clothing ;  comfortable. 
Working  on  ergometer;  ordinary  clothing:  warm. 


•fitting  in  liot  room:  ordinary  clothing;  perspiring  slightly. 
Working  on  ergometer ;  ordinary  clothing ;  comfortable. 
Working  on  ergometer ;  ordinary  clothing ;  fairly  comfortable. 


At  rest,  on  ergometer ;  ordinary  clothing ;  felt  cold. 
Working  on  ergometer ;  ordinary  clothing ;  comfortable. 
WorKing  on  ergometer;  ordinary  clothing;  felt  more  ccmifortable 

than  when  working  in  hot  room  at  same  rate  for  half  the 

time.      (See  Experiment  IC.) 

.\t  rest,  on  ergonieter;  ordinary  clothing:  rather  sleepy. 
Working  on  ergometer:   ordinary  clothing:    ratlier  sleepy. 
Working  on  ergometer;  ordinary  clothing;  rather  sleepy:  perspir- 
ing slightly. 


.Vt  rest,  on  ergometer;  ordinary  clothing;   rather  sleepy. 
Working  on  ergometer;  ordinary  clothing:  rather  sleepy. 
Working  on  ergometer;  ordinary  clothing;  rather  sleepy :  perspir- 
ing slightly. 


^Arrangement  of  dates  follows  the  American 


month,  day  of  month,  year. 
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just  before  working  iu  the  cool  tunnel,  in 
order  to  see  whether  previous  exposure 
in  such  a  hot  room  would  affect  the  effi- 
ciency. It  A\ill  be  observed  that  no 
marked  difference  was  obtained  under 
such  conditions ;  the  efficiencies  in  exper- 
iments 6B  and  6C  should  be  compared 
with  those  for  other  experiments  marked 
B  and  C    respectively. 

Experiments  8  and  9  were  done  in  the 
laboratory,  under  dry  kata  cooling 
power  of  about  6,  during  the  night  and 
the  early  morning,  the  usual  routine  be- 
ing reversed — i.e.,  the  subject  slept  dur- 
ing the  day.  The  subject  felt  very  sleepy 
at  night  although  he  had  slept  well  dur- 
ing the  day.  It  will  be  noticed  that  the 
efficiency,  compared  -with  that  for  the 
day,  was  not  greatly  altered  under  these 
conditions.  We  did  not  carry  out  experi- 
ments in  the  warm  room  or  in  the  tunnel 
during  the  night. 

In  Table  1,  it  will  also  be  observed  that 
the  respiratory  quotient  was  raised  by 
muscular  work,  as  was  pointed  out  by 
Benedict  and  Cathcart  (3). 

CooLixu  Power,  Pulse  Bate,  and  Com- 
fort 

Many  experiments  were  done  with  the 
subject  stripped  to  the  waist.  From 
Table  1,  it  will  be  noted  that  in  experi- 
ments IB  and  IC  the  subject  was 
clothed ;  these  experiments  may  be  com- 
pared with  experiments  2B  and  2C,  re- 
spectively, in  which  the  subject  was 
naked  to  the  waist.  The  dry  kata  cool- 
ing power  w^s  5.0  in  experiments  IB  and 
IC,  and  4.2  in  experiments  2B  and  2C. 
It  was  thus  warmer  during  experiments 
2B  and  2C.  Although  the  subjective 
symptoms  were  much  alike  in  both 
series  of  experiments,  the  pulse  rate  was 
considerably  reduced  by  the  removal  of 
clothing,  being  132  in  IB  and  only  110  in 
2B;  while  it  was  15G  in  IC  and  only  140 


in  2C,the  rates  of  work  being  much  alike. 
In  another  experiment  in  which  the  sub- 
ject was  clothed,  the  pulse  was  150  after 
the  subject  had  been  working  fourteen 
minutes  at  514  kilogrammeters  per  min- 
ute ;  whereas,  soon  afterwards,  when  he 
was  working  stripped  to  the  waist,  the 
pulse  was  140  at  the  end  of  fourteen 
minutes'  work  at  569  kilogrammeters 
per  minute,  the  cooling  power  being  the 
same  in  both  cases.  Again  in  experi- 
ment 3B  under  a  dry  kata  cooling  power 
of  3.9,  the  pulse  was  120,  while  under  a 
dry  kata  cooling  power  of  11.2  in  experi- 
ment 7B  the  pulse  was  108  (see  Table 
1),  the  rate  of  work  being  much  the  same 
in  both.  In  experiment  7C  the  subject 
worked  for  thirty-four  minutes  at  503 
kilogrammeters  per  minute,  under  a 
dry  kata  cooling  power  of  11.2,  with  the 
object  of  finding  out  how  long  it  would 
take  before  the  pulse  reached  156,  the 
figTire  arrived  at  in  experiment  IC  after 
only  fourteen  and  three-fourths  min- 
utes' Avork  under  a  dry  kata  cooling 
power  of  5.  The  pulse  having  reached 
only  144  after  the  thirty-four  minutes' 
Avork,  experiment  7C  was  stopped. 

In  experiment  3C,  the  subject  worked 
at  524  kilogrammeters  per  minute. 
When,  in  nine  minutes,  the  pulse  was 
144,  oxygen  was  administered  for  six 
minutes  over  a  period  of  nine  minutes, 
with  three  intervals  of  one  minute  for 
breathing  ordinary  air.  Under  the  in- 
fluence of  oxygen  the  breathing,  which 
had  become  excessive,  was  greatly  re- 
lieved and  the  pulse  was  reduced  to  130 
]ier  minute.  The  subject  was  still  in 
great  discomfort  as  he  was  much  over- 
heated and  perspiring  freely,  the  dry 
kata  cooling  power  being  only  3.9. 

In  Table  2,  we  have  arranged  figures 
for  varying  pulse  rates  and  varying 
cooling  powers  under  otherwise  fairly 
constant  conditions  for  work.  It  will  be 
observed  tliaf   tlu>  pnlse  rate  varied  in- 
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versely  with  the  cooling  power.  In  this 
table  we  have  not  included  figures  from 
the  midnight  experiments — i.e.,  experi- 
ments 8  and  9  of  Table  1 — carried  out  in 
the  laboratory,  as  all  the  other  experi- 
ments were  done  during  the  ordinary 
daily  routine  and  can  hardly  be  com- 
pared, with  regard  to  pulse,  with  the 
midnight  experiments  during  which  the 


TABLE  2.— COOLING  I'OWER  AJND  PULSE  IN 
EXPERIMENTS  OF  FIFTEEN  MINUTES' 
DT'RATION,  WITH  SUBJECT  CP.  CLAD  IN 
(JRDINARY    CLOTIII N( ; 


Pulse 

Kilus^ramnieters 

Kata-Theruiometer 

Rate 

per  Minute 

Cooling  Power 
Dry 

milUcalories  pei- 

sq.  on.  per  xec-mid 

120 

515 

10.8 

120 

509 

10.3 

125 

507 

10.9 

150 

514 

7.5 

156 

507 

5.0 

104 

399 

10.9 

lOS 

406 

10.3 

lOS 

407 

10.8 

108 

407 

11.2 

120 

414 

3.9 

132 

408 

5.0 

subject  was  very  sleepy  and  obviously 
possessed  less  tone.  We  did  not  carry 
out  any  experiments  in  the  tunnel  or  in 
the  warm  room  at  midnight. 

Benedict  and  his  co-workers  and  many 
others  claim  that  pulse  rate  varies  di- 
rectly with  the  work  done.  We  have  ob- 
tained similar  results  only  when  the  cool- 
ing power  was  kept  constant.  This  ap- 
pears to  us  to  be  a  point  of  fundamental 
importance.  It  is  obvious  that  the  heart 
has  much  more  work  to  do  under  warm 
conditions,  with  low  cooling  jaowers,  than 
under  cool  conditions,  with  higher  cool- 
ing powers  (see  Table  2).  In  the  former 
case  blood  is  required  in  the  skin  for 
sweating  as  well  as  in  the  muscles  for 
work.  As  has  already  been  pointed  out, 
the  efficiency  of  muscle  as  an  engine 
does  not  appear  to  be  atfected  during 


these  short  periods  of  work;  it  is  the 
pulse  rate  and  comfort  that  are  of  im- 
portance. 

We  have  also  given  some  attention  to 
the  amount  of  cooling  that  is  required  to 
maintain  comfort  at  a  given  rate  of 
work.  We  hope  to  carry  out  experi- 
ments in  the  tunnel  covering  long  peri- 
ods and  imitating  conditions  for  in- 
dividual work  as  closely  as  possible,  and 
thus  to  be  able  to  draw  up  a  table  show- 
ing suitable  cooling  powers  for  each  de- 
gree of  work.  The  temperature  during 
the  winter  months  was  too  low — that  is, 
the  cooling  power  was  too  high — in  the 
tunnel  for  such  graduated  experiments. 
Many  experiments  of  short  duration 
done  in  the  tunnel  under  a  high  dry 
kata  cooling  power — 25  millicalories 
— showed  clearly  that  the  subjects  pre- 
ferred to  work  at  a  fast  rate  so  that  they 
would  not  become  cold.  Obviously  under 
cool  conditions  a  worker  would  be  will- 
ing to  do  more. 

Our  principal  conclusion  from  the  ex- 
periments here  recorded  is  that  cool  con- 
ditions have  great  advantage  over  warm 
conditions,  mainly  because  the  heart  has 
less  work  to  do  and  bodily  comfort  is 
maintained  when  the  cooling  power  is 
high. 

We  have  given  little  attention  to  the 
body  temperature ;  but  the  temperatures 
of  the  axilla  and  of  the  cheek  are  stated 
in  Table  1.  More  accurate  readings 
could  be  obtained  only  by  placing  a 
thermo-electric  couple  in  the  rectum.  We 
have  taken  our  subject's  personal  symp- 
toms, comfort,  and  sweating  as  an  indi- 
cation of  overheating. 

Summary 

1.  Experiments  are  described  which 
were  made  for  the  purpose  of  reinvesti- 
gating physiological  reasons  why  work- 
ers  experience   greater  comfort   under 
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ideal  atmospheric  conditions  than  under 
ill  conditions. 

2.  The  efficiency — regarding  the  body 
as  a  machine — with  which  external  work 
was  performed  during  short  periods  by 
a  trained  subject  on  a  bicycle  ergometer 
was  not  altered  by  raising  the  dry  kata- 
thermometer  cooUng  power  of  the  at- 
mosphere from  3.9  to  11.2  milliealories 
per  square  centimeter  per  second. 


3.  The  pulse  rate  was  much  reduced 
and  bodily  comfort  much  increased  by 
raising  the  dry  kata-thermometer  cool- 
ing power  of  the  atmosphere  from  3.9  to 
11.2.  It  is  considered  that  the  main  fac- 
tor was  relief  to  the  heart  under  the  cool 
air  conditions.  Such  relief  keeps  off  fa- 
tigue and  enables  the  individual  to  work 
for  longer  hours  in  comfort  and  -with 
content. 
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ESTIMATIONS  OF  MERCURY  IN  HATTERS'  FUR  AND  IN  FELT  * 


Annie  Stone  Minot 

Liiharntrirji    of   Apjilicil    I'liilfiiitloiiy,    Ilnrraid    iliiVical    tichoiA 


'  I  "HE  following  analyses  were  made 
■^  for  the  purpose  of  discovering  how 
much  mercury  is  lost  by  vaporization  or 
by  treatment  with  hot  water  during  va- 
rious processes  in  the  making  of  felt 
hats.  We  are  indebted  to  the  kindness 
of  the  John  B.  Stetson  Company  for  the 
specimens  of  fur  and  felt  which  formed 
the  material  for  this  study. 

After  some  experimentation  the  fol- 
io-wing method  was  used  for  the  deter- 
mination of  mercury  in  carrotted  fur 
and  felt.  In  most  cases  5  or  10  gm.  of 
material  were  analyzed.  The  organic 
material  was  destroyed  by  means  of  ni- 
tric acid  and  potassium  permanganate, 
and  in  general  the  method  described  by 
Lomholt  and  Christiansen  (1)  was  fol- 
lowed. 

Ten  grams  of  fur  were  treated  with  100 
c.c.  of  concentrated  nitric  acid  and  al- 
lowed to  stand  overnight.  In  the  morn- 
ing 100  c.c.  of  water  were  added  and  the 
solution  boiled  gently,  small  amounts  of 
powdered  potassium  permanganate  be- 
ing added  from  time  to  time.  This  was 
continued  until  all  the  organic  material 
was  destroyed  and  an  excess  of  per- 
manganate had  been  added,  as  shown  by 
the  presence  of  undissolved  manganese 
dioxide  precipitate  or  a  permanganate 
color  after  the  solution  had  been  boiled 
for  several  minutes.  The  excess  per- 
manganate was  reduced  by  boiling  the 
solution  with  about  0.5  gm.  of  oxalic 
acid.  At  this  point  the  solution  should 
be  a  practically  clear,  light  straw-col- 
ored fluid.  Some  of  the  excess  nitric 
acid  was  removed  by  boiling,  and  the  re- 
mainder nearly  neutralized  by  the  addi- 
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tion  of  solid  sodium  carbonate,  in  small 
amounts  in  order  to  prevent  loss  due  to 
violent  effervescing. 

With  the  solution  weakly  but  yet  dis- 
tinctly acid  with  nitric  acid,  the  mercury 
was  precipitated  by  means  of  hydrogen 
sulphide.  This  precipitation  in  nitric 
acid  solution  serves  to  separate  the  mer- 
cury from  other  heavy  metals  Avhich  may 
be  present.  There  is  some  precipitation 
of  sulphur  but  this  is  not  excessive  if  too 
large  amounts  of  nitric  acid  are  avoided. 
This  solution  was  filtered  and  the  pre- 
cipitate washed  with  hot  water  and  dis- 
solved in  aqua  regia,  care  being  taken  to 
remove  the  dissolved  mercury  thorough- 
ly from  the  filter  paper  by  Avashing  it 
repeatedly  with  boiling  Avater.  This  so- 
lution was  boiled  for  about  five  minutes, 
and  was  then  filtered  in  order  to  remove 
sulphur,  bits  of  filter  paper,  etc. 

From  this  point  on,  Volhard's  (2) 
gravimetric  determination  of  mercury 
as  a  sulpliide  was  followed  exactly.  The 
solution  in  aqua  regia  was  neutralized 
with  sodium  carbonate  and  the  mercury 
precipitated  as  sulphide  by  boiling  the 
solution  with  a  slight  excess  of  ammoni- 
um sulphide.  Sodium  hydroxide  was 
then  added  until  the  solution  appeared 
lighter  colored,  and  as  the  boiling  Avas 
continued  more  sodium  hydroxide  Avas 
added  until  the  solution  Avas  perfectly 
clear.  In  this  way  the  mercury  sulphide 
Avas  converted  into  a  soluble  sodium  sul- 
pho-salt,  Hg(SNa)2,  and  from  this  so- 
lution the  mercury  Avas  reprecipitated 
as  sulphide,  in  a  form  which  is  more 
easily  filtered  by  the  addition  of  an  ex- 
cess of  solid  ammonium  nitrate.  After 
the  ammonia  present  had  been  removed 
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by  boiling,  the  solution  was  allowed  to 
stand  overnight,  and  was  then  filtered 
through  a  weighed  gooch  crucible,  and 
the  precipitate  dried  at  110°  to  120°  C. 
and  weighed.  (HgS  s  0.8622=wt.  of 
Hg.) 

The  chemical  equations  involved  in  the 
reprecipitation  are  as  follows : 

Hgs^-2^^10H+(XH.),s^Hg(SNa),+2^^^.0H 

Hg(SNa),+2XH,X03->2NaX03+(NH,),S+HgS 

In  case  sulphur  is  present  in  the  final 
precipitate  of  mercury  sulphide,  it  can 
be  removed  by  boiling  the  precipitate 
Avith  sodium  sulpliite,  which  transforms 
the  sulphur  to  soluble  thiosulphate  ac- 
cording to  the  equation 

Xa,SO,+S  =  Xa,SA 

Although  no  sulphur  was  visibly  pres- 
ent, the  precipitates  of  mercury  sulphide 
were  treated  with  sodium  sulphite  in 
each  case  as  a  precaution  against  too 
high  results  due  to  sulphur.  Good  re- 
coveries of  varying  amounts  of  mercury 
from  pure  mercury  solution  were  made 
by  the  foregoing  method,  as  is  shown  by 
Table  1. 


TABLE  1.— RECOVERIES  OF  MERCURY  FROM 
SOLUTIOXS  OF  PURE  MERCURIC  CHLO- 
RIDE 


Solution 
No. 
1 
2 
3 
4 
5 
6 
7 


The  results  of  analyses  (if  felt  in  the 
different  stages  of  hat  manufacture  are 
given  in  Table  2.    Duplicate  determina- 


Mercury 

Mercury 

Present 

Recovered 

mg. 

mq. 

10.0 

10.2 

10.0 

10.0 

5.0 

4.9 

20.0 

19.4 

10.0 

10.1 

10.0 

9.6 

5.0 

5.1 

20.0 

20.1 

tions  were  made  in  every  ease  and  good 
agreement  was  obtained. 

The  specimens  analyzed  belonged  to 
two  lots,  the  first  containing  four  sam- 
ples, the  second,  two.  Number  1  was 
carrotted  fur  dried  in  the  oven  for  yel- 

TABLE  2.— RESULTS  OF  ANALYSES  OF  FELT 
IX  DIFFEREXT  STAGES  OF  HAT  MAXUFAC- 
TURE 

Percentage  of 
Specimen  Mercury  Foiuk) 

1.  Carrotted,   dried   in   oven,   cut  when 

wet    2.41 

2.  ('arrotted,    dried    in    oven,    seasoned 
tliree  months 1.88 

3.  Sized  hat   1.69 

4.  Finished  hat   0.85 

5.  Blown  fur   1.30 

6.  Cone  from  former   1.06 

low  carrot,  dampened  sufiiciently  to 
make  the  pelt  pliable,  and  cut.  The 
second  specimen  had  been  carrotted, 
dried  in  the  oven,  seasoned  for  three 
months  in  a  storage  room,  then  brushed 
and  cut.  It  is  evident  that  a  decided  loss 
of  mercury  occurs  during  this  "ripen- 
ing. ' '  Number  3  was  fur  which  had  gone 
through  the  same  processes  as  specimen 
Number  2,  and  had  then  been  blown, 
formed,  and  sized.  Only  a  slight  loss  of 
mercury  occurred  during  these  proces- 
ses, but  in  the  course  of  the  following 
stages — blocldng,  shaping,  and  pressing 
with  hot  irons — the  greatest  loss  of  mer- 
cury occurs,  for  Number  4,  the  finished 
hat,  has  only  a  little  more  than  half  as 
much  mercury  as  the  sized  hat.  The 
next  two  samples  were  from  another  lot, 
and  were  sent  us  by  request  because  we 
wished  to  know  just  what  was  the  loss 
of  mercury  in  forming.  Number  5  was 
blown  fur,  and  Number  6  part  of  a  cone 
from  the  forming  machine.  The  analyses 
show  an  appreciable  loss  of  mercury 
dui-ing  forming. 
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A    STUDT    OF    THE    MORTALITY    OF    COAL    MIXERS, 
ENGLAND  AND  WALES* 


Edgar  L.  Collis,  M.A.,  M.D.,  M.R.C.P. 

Hansel  Talbot  Professor  of  Preventive  Medicine,   Welsh  yational  School  of  Medicine,  and  Member 
of  Miners'   Welfare  Committee 


THE  Milling  Iiulustry  Act,  1920,  Part 
II\  sets  up  executive  machinery, 
through  pit  committees,  district  commit- 
tees and  area  committees,  for  the  pur- 
pose of  discussing  and  making  recom- 
mendations (among  other  things)  with 
respect  to  the  safety,  health,  and  wel- 
fare of  the  workers  in  connection  ■with 
their  work  at  the  mines.  It  also  trans- 
fers to  the  pit  committees  so  established 
the  management  of  the  accommodation 
and  the  facilities  for  taldng  baths  and 
drying  clothes.  In  Part  III  this  Act 
further  provides,  through  a  levy  of  1 
penny  per  ton  of  the  output  of  each 
mine,  a  fund  to  be  a^Dplied  for  purposes 
coimecled  with  the  social  well-being, 
recreation,  and  living  conditions  of 
workers  in  or  about  coal  mines,  and  with 
mining  education  and  research;  it  vests 
the  duty  of  allocating  the  fund  so  raised 
in  a  central  committee  of  five,  now 
known  as  the  Miners'  Welfare  Commit- 
tee. 

Information  as  to  the  health  of  miners 
is  clearly  needed  for  the  purposes  of  the 
Act,  and  as  a  contribution  to  this  infor- 
mation the  following  study  of  the  mor- 
tality of  coal  miners  has  been  made. 
The  point  should  here  be  stressed,  how- 
ever, that  entirely  satisfactory  informa- 
tion as  to  the  health  of  coal  miners  can 
only  be  obtained  by  suiiijlementiiig  mor- 
tality statistics  by  information  relating 
to  invaliditv  and  lost  time. 


The  Decennial  Supiilements  deaUng- 
with  occupational  mortality,  issued  by 
the  Registrar  General,  contain  informa- 
tion which  concerns  (1)  coal  miners  in 
England  and  Wales  taken  as  a  whole; 
and  (2)  coal  miners  employed  on  the 
seven  largest  coal  fields  separately.  Ex- 
amination of  the  information  published 
brings  out  certain  points : 

1.  Great  diversity  in  the  death  rates  has 
been  experienced  on  the  different  coal  fields, 
ranging  in  1900-1902  from  a  comparative 
figure  of  675  for  Nottingham  and  Derbyshire 
to  one  of  1,006  for  Lancashire;  and  in  1910- 
1912,  from  570  for  Nottingham  to  941  for 
Lancashire  (see  Table  1).  These  differences 
are  remarkable  ■when  the  environmental  con- 
ditions of  work  and  the  hours  of  labor  pre- 
vailing in  the  different  fields  are  so  closely 
identical. 

2.  Four  causes  of  death  are  of  particular- 
importance:  (a)  phthisis;  (&)  pneumonia; 
(c)  bronchitis;  and  (rf)  accidents.  The  dif- 
ferences bet^ween  the  mortality  experienced 
from  these  four  causes  go  far  to  account  for 
the  differences  in  mortality  from  all  causes 
on  the  various  fields ;  for  instance,  the  differ- 
ence, in  1910-1912.  bet'ween  the  comparative 
mortalities  experienced  by  the  miner  of  Not- 
tingham and  the  miner  of  Lancashire  is  371, 
of  ■which  294  are  accounted  for  by  the  differ- 
ences in  mortality  from  these  four  causes  of 
death. 

3.  A  close  correlation  has  been  found  to 
exist  between  tlie  order  of  the  coal  fields 
arranged  according  to  mortality  and  accord- 
ing to  the  results  of  ballots  taken  in  1920  and 
1921.  (See  Table  2.)  This  correlation  sug- 
gests that  conditions  of  health  form  an  un- 
conscious impulse  underlying  social  unrest. 


•Received  for  publication  April  3,  1922.  T^i^-'SG  facts  appeared  to  call  for  closer 

'The  scheme  of  Tart  II  i.s  contingent  upon  agree-      investigation  in  order  to  tlirow  light,  if 
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the    back    of    these    diverse    mortality  Mortality  froji  All  Causes 
rates.    AppUcation  was  therefore  made, 

through  the  Mines  Department,  to  Som-  Examination     of     tlie     standardized 

erset    House    for    further    information,  death  rates  set  forth  in  Table  5  brings 

TAIU.E    l,~COMI'ARATIVE   JIOltTALITY   AMONG    COAL    MIXERS,    A(;ES    25-W.    IXOLISIVE 


1910-1912 

1900-1902 

Coal  Field 

All 

Phthisis 

Fn-u- 

Bron- 

Acci- 

All 

Phthisi 

Pneu- 

Acci- 

Causes 

moDii 

chitis 

dents 

'  ~66~ 

Causes 

chitis 

dents 

Nottinghamshire'  .  . . 

570 

53 

40 

25 

675 

64 

49 

80 

Derbyshire'   

591 

70 

34 

39 

73 

North  iimberland 

and  Dnrliani   

035 

70 

54 

33 

S3 

763 

.S4 

54 

41 

105 

Staffordshire     

717 

74 

70 

61 

109 

&46 

66 

71 

104 

118 

758 

81 

09 

45 

117 

783 

88 

71 

67 

99 

Miiiini(iutlisliii-e     and 

South  Wales   

777 

70 

69 

66 

131 

951 

93 

108 

104 

169 

Lancashire    

941 

107 

100 

88 

183 

1,006 

90 

149 

113 

131 

All  coal  fields 

727 

76 

64 

51 

118 

885 

89 

S6  ' 

79 

123 

Occupied  and 

retired   males 

790 

142 

66 

38 

47 

1.004 

1S7 

92 

58 

58 

'  Xottinfihamshire  and  Derbyshire  were  grouped  together  previous  to  1910-1912. 


which  has  been  courteously  provided  for 
1910-1912.  Deatlis  in  these  years,  as  far 
as  available  information  permitted,  have 
been  grouped  according  to  whether  the 
deceased  had  worked    (a)    at   the  coal 


out    certain     points     of    interest    with 
regard  to  the  occupational  grouping. 

Workers  at  the  Face. — The  Lanca- 
shire worker  stands  at  the  top  of  the 
list,  holding  this  position  from  age  20  to 


TABLE   2.  -MORTALITY    AND    UNREST   AMONG  COAL  MINERS 


Comparative    Mortality    1910-1912    Due    to 

Percentasfe    of 
That 

Miners    Polling 

Coal    Field' 

Respiratory    Diseases 

Accidents 

All 
Causes 

For   Strike 
August,  1920 

Phthisis     Bronchitis     Pneumonia 

Work  June.  1921 

Nottinghamshire    

53               25               40 
70               39               34 

70               33               54 
SI               45               69 

70               66               69 

107               88             100 

66 
73 

S3 

117 

131 

183 

570 
591 

635 

758 

774 

55.1 

71.8 

69.9 

51.1 

77.9 
9(1.6 

53.7 
52.7 

Northumberland 
and  Durham    

66.7 
65.3 

Monmouthshire    and 

South   Wales    

Lancashire   

73.0 

so.c* 

L>xrluded   liecaus 


tlie 


'  Staffordshire,   althougli   its   mortality    is   given   by  tlie  Registrar  (ieueral. 
figures  regarding  the  votes   on   this  Held   were  not    available. 

'A  strike  of  six  weeks'  duratiim  occurred  on  this  field  alone  in  1919,  which  was  considered  to 
affect  the  ballot  of  1920.  When  Yorkshire  started  even  with  the  other  fields  after  the  strike  In  1920, 
the  ballot  figures  of  1921  placed   this  field  close  to  the  ijosition  ascribed  to  it  by  mortality  data. 


face,  (b)  otherwise  underground,  or  (c) 
above  ground.  The  information  so  ob- 
tained is  stated  in  the  accompanying 
tables,  most  of  which  have  been  compiled 
by  the  statistical  branch  of  the  Mines 
Department. 


age  65;  Staffordshire  comes  second; 
Northumberland  and  Durham  third ;  and 
Yorkshire  fourth.  The  Monmouthshire 
and  South  Wales  district,  coming  last 
but  one,  is  notably  out  of  the  position 
accorded  to  it  in  Table  1. 
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TABLE  3— NUJIBER  OF  MALES  EMPLOYED  AT  COAL  MIXES  IN  ENGLAND  AKD  WALES  IN 
1911  (INCLUDING  RETIRED  COLLIERY  WORKERS)  CLASSIFIED  ACCORDING  TO  AGE 
AND  WORKING   POSITION 


(a)    Workers  at  the  Face 


Northumberland  and 
Durham    

Lancashire     

Yorkshire 

Derbyshire 

Nottinghamshire    . . . 

Staffordshire 

Monmouthshire  and 
South    Wales    

Other  districts 

England  and  Wales 
(all    districts) 


2,1S8 

13,322 

31,430 

22,360 

13.028 

6.127 

3,146 

1,092 

92.693 

2,390 

6,831 

16.937 

13,770 

9,216 

4,564 

1,692 

348 

55,757 

2,993 

11.087 

25.890 

20,139 

11,533 

5.697 

1,970 

373 

79,682 

2,3fr4 

6,248 

11.497 

8.301 

4.793 

2.532 

967 

213 

30.915 

1.750 

4.178 

7.903 

5.703 

3,339 

1,688 

623 

143 

25,387 

1.611 

5,013 

10.647 

8,181 

5,152 

2,810 

1,231 

313 

34,958 

Jtlwte>---;ji2ifK- *•■  -iii^-     'i^^^  '  ■       1^ 

, 

27.099 

23.297 

36.738 

26,565 

13,849 

5,849 

2,019 

453 

135,869 

3,589 

7.915 

14.936 

10,.8S7 

6,307 

3,394 

1,534 

459 

49,021 

43,993 

77,891 

155,978 

115,966 

67,217 

32,661 

13,182 

3,394 

510,282 

(6)     Other  ^yorl:ers  below  Ground 


Northumberland  and 
Durham    

Lancashire     

Yorkslilre 

Derbyshire 

Nottinghamshire    . . . 

Staffordshire 

Monmouthshire  and 
South   Wales    

Other  districts 

England  and  Wales 
(all    districts)  .... 


29,098 
9,480 

16.456 
6,641 

4.009 
6,027 

4,450 
5,815 


13,360 
6,766 
7,001 

1,45,8 

884 

2,629 

8,338 
2,573 


12,169  10,533 

7,211  5.058  3,336 

6,855  4,583  2,743 

1.542  1,305  881 

1,025  850  584 

2.427  1,875  1,269 


17,829 
2,941 


13,382 
2,433 


8.484         6,310         2,063      165      82,182 


7.693 
1,647 


1,753 

1,427 
528 
370 
721 

3,773 
1,041 


529 
481 
153 
105 
244 


a4,191 
39,601 
12.519 
7,840 
15,224 


1,135       109      56,709 
377        60      16,887 


81,976        43,009         51.999         40,019         26.637       15,923         5,087      503    265,153 


(e)    Workers  above  Ground 


Northumberland   and 

1  nirham    5,279 

Lancashire     i       1,898 

Yorksliire |       2,853 

Derbyshire I       1,355 

Nottinghamshire    ...  i          859 

Staffordshire   1,445 

Monmouthshire     and 

South    Wales    1,582 

Other  districts 1,9*24 

England    and    Wales  17,195 

Total    (o)    (b)    (c)  143,164 

No.  per  1,000 '          166 


3,074 

3.996 

2,845 

2.317 

1.772 

798 

104 

20,185 

1.2.S0 

2,016 

1,834 

1.480 

1,127 

455 

45 

10,085 

l,77;i 

.•!.0.56 

2.4.53 

1.828 

1.190 

olO 

53 

13.716 

801 

1.366 

1,181 

8S2 

685 

349 

47 

6,756 

581 

904 

777 

667 

485 

224 

43 

4,540 

827 

1.274 

1,1.56 

939 

734 

333 

46 

6,754 

1,173 

3.8S7 

3,281 

2,394 

1,477 

644 

90 

15,128 

1,031 

1,182 

1.305 

1.124 

S,S4 

412 

70 

8,232 

11,180 

17,981 

14,.S32 

11,031 

8,351 

3,725 

498 

85,396 

132,080 

225,958 

170,817 

105,485 

56.938 

21,994 

4,395 

860,831 

154 

262 

198 

123 

66 

26 

5 

1,000 
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TABLE  4.— NUMBER  OF  DEATHS  AJVIONG  MALES  EMPLOYED  AT  COAL  MINES  IN  ENGI^AND 
AND  WALES  DURING  THE  YEARS  1910  TO  1912  (INCLUDING  THOSJ  RETIRED  FROM 
WORK  AT  DEATH),  CLASSIFIED  ACCORDING  TO  AGE  AT  DEATH  AND  WORKING  PO- 
SITION 


District 


15-19        20-Sl 


Age  Group 


25-34 


45-54         55-&1 


75      Total 

and     15  Years 

Over    and  Over 


(a)    Workers  at  the  Face 


Northumberland  and 
Durham    

Lancashire     

Yorkshire 

Derbyshire 

Nottinghamshire    . . . 

Staffordshire 

Monmouthshire  and 
South    Wales    .... 

Other  districts 

Eiiiiland  and  Wales 
(all    districts) .... 


70 
16 
32 
22 
15 
19 

193 
61 


174  395 

91  319 

106  322 

53  120 

30  79 

55  149 


214 
113 


374 
257 


439 
365 
425 
139 
90 
185 

468 
219 


508 
464 
470 
161 
111 
234 

514 
251 

2,713 


697 
606 
597 
219 
124 
303 

579 
339 


858 
588 
(32 
289 
134 
431 

567 
466 


545  3,686 

270  2,719 

301  2,885 

145  1,148 

82  665 

245  1,621 

228  3,137 

366  2.102 


(lij    Other  Workers  t>eloic  Ground 


Northumberland  and 
Durham    

Lancashire     

Yorkshire 

Derbyshire 

Nottinghamshire    . . . 

Staffordshire 

Monmouthshire  and 
South   Wales    .... 

Other  districts 

England  and  Wales 
(all    districts) .... 


242 

104 

116 

154 

198 

319 

323 

178 

1,634 

153 

123 

143 

128 

148 

152 

78 

32 

957 

173 

120 

103 

95 

93 

115 

81 

35 

815 

59 

13 

11 

16 

21 

28 

31 

24 

203 

27 

9 

11 

12 

18 

26 

26 

14 

143 

46 

31 

17 

25 

34 

28 

27 

12 

220 

62 

122 

325 

364 

370 

400 

303 

95 

2,041 

28 

17 

20 

17 

34 

45 

45 

33 

239 

(c)    Worl:ers  aliove  Ground 


Northumberland 

and 

45 

12 

32 

Derbyshire 

Nottinghamshire 
Staffordshire  .  - . 
Monmouthshire 
Soutli   Wales 
Other  districts.  . 

... 
and 

14 
2 
9 

19 
11 

England    and    W 
(all    districts) 

alfs 

144 

41 

47 

16 

37 

26 

39 

7 

15 

9 

5 

7 

13 

24 

48 

11 

14 

70 

93 

127 

56 

98 

72 

69 

96 

100 

22 

36 

47 

20 

27 

35 

21 

40 

.33 

96 

129 

93 

21 

40 

43 

83 
31 
32 
32 


556 
352 

438 
188 
134 
160 

543 
199 
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TABLE  5— MEAN  ANNUAL  DEATH  RATE  AMONG  COAL  MLNERS  IN  ENGLAND  ANT)  AY  ALES, 
AGED  l.-i  YEARS  AND  OYER.  PER  1,000  LIYING  (INCLUDING  THOSE  OCCUPIED  AND  RE- 
TIRED FROM  WORK)  DURING  THE  TEARS  1910  TO  1912,  FROM  ALL  CAUSES,  ACCORD- 
ING TO  AGE  AT  DEATH  AND  ^YORKING  POSITION  ■ 


Age  Group 


1 15  Years  aud  Over 


:5-19     20-24     25-:?l    30-44       45-54     55-64 


75  and 
Over 


I  Crude  Standard- 
Death  ized  Death 
I   Rate         Rate 


(a)     Workers   at   the  I'aec 


Northumberland  and 
Durham    

Lancashire     

Yorkshire 

Derbyshire 

Nottinghamshire    .  . . 

Staffordshire 

Monmouthshire  and 
South   Wales    

Other  district*! 

England  and  Wales 
(all    districts) 


10.r,G 
2.22 
.3.5(> 
3.10 
2.S6 
3.93 

2.37 
5.C.7 


4.35 
4.44 
.3.19 
2..S3 
2.39 
3.66 

300 
4.76 


4.19 
6.28 
4.15 
3.48 
3.33 
4.66 

3.39 
5.74 


6.54 
8.84 
7.03 
5.58 
5.21 
7.54 

5.S7 
7.(52 


13.00 
16.78 
13.58 
11.20 
11.08 
15.14 


37.92 
44.26 
34.93 
28.83 
24.49 
3o.!>i 


12.37       33.00 
13.27       .33.29 


90.91 
115.84 
106.94 

99.62 

71.70 
116.71 

93.01 
101.26 


166.30 

258.(52 
26.S.99 
220.92 
191.14 
2(i0.92 

167.77 

2^5.80 


13.20 
10.26 
12.07 
10.37 
S.73 
15.46 

7.70 
14.30 


12.13 

13.74 

11.06 

9.97 

8.55 
12.50 


.58       4.31       6.7S       13.45       .35.a5 


12.48 

ll.T.H  11.2.-', 


(b)    Other  Workers  icloiv  Ground 


Northumberland   and 

2.77 
5.38 
3.50 
2.96 
2.24 
2.54 

2.59 
6.06 
5.71 
2.97 
3.39 
3.93 

3.18 
6.61 
5.01 
2.38 
.3.58 
2.33 

4.S7 
8.44 
6.91 
4.09 
4.71 
4.44 

7.78 
14.79 
11.30 

7.95 
10.27 

8.93 

16..SO 
28.90 
26.86 
17.68 
23.42 
12.94 

52.19 
49.15 
56.13 
67.54 
82.54 
36.89 

359  (50 
1.8;:5.!:>1 
212.12 
727.27 
35.8.97 
125.00 

6.6:3 
9.33 
6.86 
5.41 
6.08 
4.82 

7.88 

Laucasliire     

11.15 
9..82 

Derbyshire 

Nottinghamshire    . . . 
Staffordshire 

9.92 
9.51 
6.05 

Monmouthshire     ami 

South   Wales    

Other  districts 

4.04 
l.(iO 

4.88 
2.20 

6.08 

0.07 
2.33 

16.03 

0.80 

35.34 
14.41 

88.99 
39.78 

290.52 
183.33 

12.00 
4.72 

12.9S 
5.40 

England    and    Wales 
(all    districts) 

3.21 

4.1S 

4.78 

0.76 

11.46 

23.30 

59.S9 

2.80.32 

7.86 

9.67 

(c)    Wo'rkers  above  Ground 


Northuraberl.-uul    and 

2.S4 
2.11 

4.45 
4.34 

3.92 
0.12 

5..S6 
5.45 

10.1  (7 
12.01 

17.49 
28.99 

.53.05 
52.75 

20<).()3 
22t>.(;3 

9.18 
11. &3 

S.45 

Lancaslilro     

9.69 

3.74 
3.44 

4.89 
2.62 

4.25 
3.66 

5.98 
4.23 

12.5S 
8.31 

2(5.89 
17.52 

65.36 
44.89 

201.26 
220.95 

10.64 
9.2S 

9.70 

Derbyshire 

7.25 

Nottinirhamsliire    .  . . 

0.78 

5.16 

1.84 

3.86 

10.00 

18.56 

52.08 

200..30 

9.84 

7.o:i 

Staffordshire 

2.08 

2.82 

.3.40 

4.3:! 

7.45 

18.17 

;«.03 

1.59.42 

7.90 

6.30 

.Monmouthshire     and 

South    Wales    .... 

4.00 

4.51 

4.12 

8.91 

13.:J7 

29.11 

48.14 

170.37 

11.90 

9. 881 

Other  districts 

1.91 

;!.56 

3.1.-. 

:;.:{2 

0.23 

15.08 

34.80 

219.05 

>.im; 

Oil 

England    and    Wales 

(all    districts) 

2.79 

4.2(1 

l.ot 

•".'.i:i 

10.75 

22.30 

19.22 

2i:!..-.2 

lo.o:; 

s.4>^ 

iFor  the  purpose  of  standardization,  the  age  distrilnition  of  the  coal  miners  in  each  district  and  oc- 
cupation has  been  assumed  to  be  identical  with  that  of  all  coal  miners  in  all  occupations  in  England 
and  Wales. 
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Others  below  (I round. — For  this  group, 
"throughout  the  period  of  working  life, 
Monmouthshire  and  South  Wales  are 
found  at  the  top  of  the  list,  holding  this 
premier  place  except  for  the  age  periods 
up  to  34  years,  for  which  Lancasliire 
leads.  Lancashire  easily  holds  the  sec- 
ond place,  while  Staffordshire  comes 
last. 

Workers  above  Ground. — The  infor- 
mation for  this  group  is  probably  least 
reliable.    The  "occupational"  classifica- 


deaths  from  accidents  might  be  sus- 
pected to  control  the  order  observed, 
but  reference  to  the  data  of  Table  7 
shows  that  what  has  been  said  above  for 
the  death  rates  from  all  causes  applies 
with  but  little  modification  to  the  stan- 
dardized death  rates  from  all  causes 
exclusive  of  accidents. 

The  unenviable  position  held  by  Lan- 
cashire for  each  occupational  group 
suggests  that  conditions  apart  from  min- 
ing may  be  materially  affecting  the  death 


TABLE  6.— DEATH  RATE  OF  GENERAL  ROPT'LATIOX  ( lOfll-llllO) 


County 

Males 

Dt 
All  Causes 

ath  Rate  ijer 
Females 

1.0(JO  Livinj; 

Phthisis 
Males 

Females 

15.52 
16.46 

18.18' 
16.77 
17.76 
18.59 
18.27 
18.63 
20.64 
1(!.60 

13.48 
14.48 
15.92' 
15.11 
15.28 
16.23 
15.45 
16.6.5 
17.44 

i:!!!.", 

0.66 
0.66 
0.66' 
0.53 
0.72 
1.00 
0.76 
0.,8S 
0.94 
<  >.  78 

050 

055 

South    Wales 

0.68' 
054 

Staffordshire     

054 

084 

Yorkshire.   West   Riding 

0.55 
0  83 

England    and    Wales    

(•.58 

'This  relates  to  Glamorgan  only  where  the  bulk  of  the  .South  Wales  coal  field,   outside  Monrauuth, 


tion  of  the  Census  of  Population  in- 
volves the  omission  of  particular  classes 
of  colliery  workpeople  from  the  scope 
of  the  inquiry — e.g.,  clerks,  bricklayers, 
carpenters,  fitters,  blacksmiths,  engine- 
men,  etc.  Comparison  Avith  the  results 
of  the  "industrial"  classification  intro- 
duced into  the  Census  of  Population  in 
1911  shows  that  82,000  workers  of  15 
years  of  age  and  over  were  recorded 
under  such  headings  as  those  referred 
to  above.  For  this  reason  the  mortality 
rates  for  workers  above  ground  need  to 
be  accepted  with  caution. 

Taking  the  data  as  they  stand,  the 
Monmouthshire  and  South  Wales  dis- 
trict is  found  at  the  top,  followed  by 
Yorkshire  and  Lancashire;  Stafford- 
shire again  comes  last. 

Possible  Influences: — The  inclusion  of 


rate.  Reference  to  the  general  mortal- 
ity of  the  districts  gives  some  support 
to  this  suggestion. 

The  death  rates  from  all  causes  and 
from  phthisis,  for  males  and  females, 
are  stated  for  the  districts  in  Table  6. 
The  death  rates  from  all  causes  among 
males  show  a  tendency  to  agree  with 
the  order  of  Table  1 ;  but  the  tendency 
is  less  pronounced  when  the  death  rates 
from  phthisis  alone  are  considered. 

Since  the  number  of  miners  in  some 
counties,  such  as  Glamorgan,  might  be 
held  to  influence  considerably  the  mor- 
tality among  males,  the  mortality  among 
females  may,  perhaps,  be  taken  as  a 
more  useful  measure  of  local  influences, 
such  as  climate  and  density  of  popula- 
tion. The  death  rate  from  all  causes 
among  females  is  found  to  be  highest  in 
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TABLE   -.— AfEAX   AXXCAL   DEATH   RATE    PER    1.000   COAL   MIXERS 
AND  WALES.   CLASSIFIED  ACCORDING 


A.     Crude  Death  Rates 


Phtbisis, 
Bronchitis    and     Accidents 
Pneumonia 


Other 
Di.seases 


Total 

Exclusive    of 

Accidents 


(aj     Workers   at   the   Face 


Northumberland   and 

Durham    

L'.90 

I.."!* 

S.97 

1.3.26 

11.S7 

Lancashire     

5.06 

2.17 

9.03 

16.26 

14.09 

Yorkshire 

3.24 

1.20 

7.63 

12.07 

10.87 

Derbyshire 

2.50 

0.95 

6.92 

10.37 

9.42 

Nottinghamshire    . . . 

2.03 

0.9S 

5.72 

8.73 

1  .lO 

Staffordshire 

4.25 

1.43 

9.78 

15.46 

14.03 

Monmouthshire     and 

South   Wales    

2.11 

1.17 

4.42 

7.70 

6.53 

Other  (listric^s 

3.46 

2.52 

8.32 

14.30 

11.78 

England    and    Wales 

3.04 

1.45 

7.24 

11.73 

10.28 

(bj    Other  Workers  belotv  Ch-ound 


Northumberland  and 

1.53 
2.29 

0.98 
3.40 

4.12 
3.64 

6.63 
9.33 

5.65 

Lancashire     

5.93 

1.43 
1.01 
1.70 

2.27 
1.44 
0.77 

3.16 
2.96 

aei 

6.86 
5.41 

6.08 

4.50 

3.97 

Nottinghamshire    . . . 

5.31 

Staffordshire 

1.03 

1.69 

2.10 

4.82 

3.13 

Monmouthshire     and 

South    Wales    

2.S5 

2.S7 

6.28 

12.00 

9.13 

Other  districts 

1.01 

0.99 

2.72 

4.72 

3.75 

England    and    Wales 

1.81 

1.95 

4.10 

7.86 

5.91 

(cj    Workers  ahove  Ground 


Northumberland   and 

2.50 
3.64 

0.68 
1.22 

6.00 
6.77 

9.18 
11.63 

8.50 

Lancashire     

10.41 

Yorkshire 

2.59 
2.46 

1.17 
0.59 

6.88 
6.23 

10.64 
9.28 

9.47 

Derbyshire 

8.69 

Nottinghamshire    .  . . 

2.8t; 

0.22 

6.76 

9.S4 

9.62 

Staffordshire 

2.12 

1.14 

4.64 

7.90 

6.76 

Monmouthshire     and 

South    Wales    

2.78 

1.43 

7.75 

11.96 

10.53 

Other  ilislrict.s 

2.03 

0.3() 

5.67 

s.oc, 

7.70 

England    and    Wales 

2.64 

0.93 

6.46 

10.03 

0.10 

'For  the  purpose  of  standardization,   the  age  distribution   of   the  coal 
that  of  coal  miners  in  all  occupations  in   England  iuid   Wales. 
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15  YEARS  OF  AGE  AND  OVER  LIVING  IN  1910  TO   1012  IN  ENGLANT) 
TO  DISTRICT  AND   CAUSE  OF  DEATH 


B.    Standardized  Death  Rates' 


Phthisis, 
Bronchitis     and       Accidents 
Pneumonia 


Other 
Diseases 


Total 

Exclusive   of 

Accidents 


District 


(a)     ^yol■kers  at   the  Face 


2.80 
4.30 
3.15 
2.46 
2.04 
3.50 

2.76 
3.07 
2.93 


1.50 
1.90 
1.06 
0.90 
0.96 
1.39 

1.23 
2.53 

1.42 


7.S3 
7.54 
7.45 
6.61 
5.55 
7.61 

5.90 

7.S8 
G.8S 


12.13 
13.74 
11.66 
9.97 
8.55 
12.50 


12.48 
11.23 


laes 

11.S4 

10.60 

9.07 

7.59 

11.11 

8.66 
9.95 

O'.Sl 


Northumberland   and 

Durham 

Lancashire 

Yorkshire 

Derbyshire 

.  .  .     Nottinghamshire 

Staffordshire 

Monmouthshire     and 

South  Wales 

Other  (ii.stricts 

.England  and  Wales 


(i)    Other  Workers  helow  d'ound 


Northumberland   and 

1.74 

0.90 

5.24 

7.88 

6.98 

Durham 

2.93 

3.46 

4.76 

11.15 

7.69 

Lancashire 

1.90 

2.67 

5.25 

9.82 

7.15 

Yorkshire 

2.16 

1.57 

6.19 

9.92 

8.35 

Derbyshire 

2.91 

0.59 

6.01 

9.51 

8.92 

,  .  .     Nottinghamshire 

1.30 

1.72 

3.03 

6.05 

4.33 

Staffordshire 

Monmouthshire     and 

3.00 

2.92 

7.06 

12.98 

10.06 

South  Wales 

1.11 

1.13 

3.16 

5.40 

4.27 

Other  districts 

2.21 

2.03 

5.43 

9.67 

7.64 

.England  and  Wales 

(c)    Workers  above  Ground 


Northumberland  and 

2.40 

0.02 

5.43 

8.45 

7.83 

Durham 

3.04 

1.11 

0154 

9.69 

8.58 

Lancashire 

2.51 

1.10 

6.09 

9.70 

8.60 

Yorkshire 

2.00 

0.60 

4.65 

7.25 

665 

2.31 

0.21 

4.51 

7.03 

6.82 

. .  .     Nottinghamshire 

1.68 

1.00 

3.62 

6.30 

5.30 

Staffordshire 

Monmouthshire     and 

2.34 

1.37 

6.17 

9..S8 

8.51 

South  Wales 

1.62 

0.37 

4.12 

0.11 

5.74 

Other  districts 

2.34 

0.86 

5.28 

S.48 

7.02 

•  England  and  Wales 

miners  in  each  district  luid  occupation  has  tiecn  assumed  to  be  identical  with 
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Lancashire,  and  lowest  in  Derby  and 
Nottingham;  thus  the  position  of  these 
counties  is  in  agreement  with  the  order 
of  Table  1.  The  magnitude  of  the  dif- 
ferences between  the  highest  and  the 
lowest  death  rates  is  far  less  than  it  is 
in  Table  1,  however,  while  the  order  of 
the  other  counties  in  no  way  conforms 
to  that  order.  The  death  rates  from 
phthisis  among  females  exhibit  no  simi- 
larity with  the  order  of  Table  1. 

The  conclusion  seems  fair  that  local 
conditions  must  be  held  to  contribute 
something  to  the  differences  in  mortal- 
ity rates  found  to  exist  among  coal  min- 
ers, but  that  inquiry  must  be  made 
within  the  industry  to  ascertain  Avliy 
these  differences  are  so  accentuated. 

The  mortality  expeiienced  ^A-ithin  the 
industry  from  the  four  causes  of  death 
already  referred  to,  distributed  accord- 
ing to  coal  field  and  occupation  of  Avork- 
ers,  is  stated  in  Table  7.  Consideration 
follows  of  the  facts  which  emerge. 


The  incidence  of  phthisis  among  coal 
miners,  not  only  in  Great  Britain  but 
in  other  countries,  is  lower  than  that 
found  in  other  occupations,  with  the 
exception  of  agriculture.  This  fact  was 
particularly  noted  by  "Wainwright  and 
Nichols  who  carried  out  certain  experi- 
ments in  which  they  exposed  guinea-pigs 
for  about  two  months  to  the  inhalation 
of  coal  dust,  and  tlien  injected  a  culture 
of  tubercle  bacilli  into  tliem.  Such  an- 
thracosed  animals  aie  stated  to  have 
developed  "extensive  tuberculosis  of 
the  abdominal  viscera,  and  of  the  glands 
round  tlie  tracheal  injection,  but  the 
lutigs  were  free;"  while  control  animals 
are  stated  to  have  developed  "extensive 
tuberculosis  of  the  lungs  and  abdominal 
viscera."  Such  facts  have  been  in- 
stanced  1o  siip])()i-t    the  chiiiu   that   coal 


dust  in  some  way  protects  against 
phthisis.  Certainly  the  data  in  Table  1 
are  in  support  of  the  observation  that 
coal  miners  as  a  class  experience  a  low 
mortality  rate  from  phthisis,  but  some 
explanation  must  be  sought  for  differ- 
ences in  prevalence  of  the  disease  on  the 
various  fields,  such  as,  for  instance,  a 
comparative  mortality  figure  of  64  in 
1900-1902  for  Nottingham  and  Derby- 
shire and  of  96  for  Lancashire,  and  of 
53  in  1910-1912  for  Nottingham  and  of 
107  for  Lancashire. 

Distrihi(tio)i  hy  Occupation 

Should  coal  dust  possess  the  power 
claimed  for  it,  workers  at  the  coal  face 
might  be  expected  to  experience  a  lower 
mortality  from  phthisis  than  other 
workers  underground,  and  others  un- 
derground a  lower  mortality  than  those 
employed  above  ground. 

All  Coal  Miners. — The  mortality  data 
set  forth  in  Table  8,  however,  do  not 
justify  this  anticipation.  Here  through- 
out life  the  mortality  from  phthisis  for 
men  working  at  the  coal  face  is  found  to 
be  higher  than  for  others  below  ground, 
and,  except  for  ages  20  to  34  inclusive, 
higher  than  for  those  working  above 
ground.  Workers  above  ground,  on  the 
other  hand,  up  to  age  55,  suffer  rather 
more  than  others  below  ground.  These 
data  do  not  support  the  supposition  that 
coal  dust  protects  the  workers  against 
phthisis. 

The  Separate  Coal  Fields. — The  num- 
ber of  deaths  due  to  each  cause  occur- 
ring on  each  coal  field  when  distributed 
according  to  age  and  occupation  is 
rather  too  small  to  justify  reliance  upon 
each  death  rate  stated  in  the  tal)les 
which  follow,  but  the  general  trend  can 
be  traced.  A  further  table  (Table  9)  is 
added  in  which  the  comparative  mortal- 
ity for  ages  25  to  64,  inclusive,  is  stati'd. 
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TABLK    S.— MEAN   ANNUAL   DEATH    RATE   OF   COAL   MIXERS    FROM    PHTHISIS' 


Age  Group 


15  Years  and  Over 


Dist 

rift 

75  and 

Crude 

Standardized 

15-19 

20-24 

25-34 

35-44 

45-54 

o5-ei 

65-74     Over 

Death 
Rate 

Death 
Rate 

(a)     Workers  at   the  Face 


Northumberland  and 
Durham    

Lancashire     

Torlishire 

Derbyshire 

Nottinghamshire    . . . 

Staffordshire 

Monmouthshire  and 
South   Wales    .... 

Other  (listrict.s 

England  and  Wales 
(all    districts) 


l.OS 

I.IS 

1.00 

1.04 

1.02 

2.01 

1.38 

0.31 

0.S3 

0.59 

0.91 

1.94 

2.42 

2.63 

1.97 

0.96 

1.11 

0.75 

0.72 

1.19 

1.82 

2.34 

2.88 



1.13 

0.S5 

0.87 

o.ss 

1.39 

1.71 

1.38 



(•.!15 

O.SO 

O.SO 

0.35 

(»..S(» 

0.!l!) 

1.45 

0.80 

1.19 

1.10 

1.75 

1.07 

1.35 

1.06 

0.30 

0.66 

0.45 

0.S5 

1.35 

1.60 

1.49 

1.C7 

0.S4 

1.27 

1.2(i 

1.5S 

0.9S 

1.09 

1.45 

0.69 

O.SO 

0.S3 

1.11 

1.54 

1.S2 

1.59 

0.49 

1.13 
1.54 

1.18 
1,02 
0.70 
1.20 


0.G9 
1.24 


1.27 
1.3S 

1.7S 
1.04 

0.72 
1.22 


0.75 
1.28 


(b)    Other  ^yorK•ers  txhi 


Northumberland  and 
Durham    

Lancashire     

Yorkshire 

Derbyshire 

Nottinghamshire    . . . 

Staffordshire 

Monmouthshire  and 
South   Wales    

Other  districts 

England  and  Wales 
(all    districts) 


0.46 
0.28 
0.67 
0.40 
0.42 
0.33 

0.15 
0.46 


0.85 
0.54 
0.86 
0.23 
0.38 
0.63 

0.32 
0.26 


0.79 
1.02 
0.68 
0.22 
1.63 
0.27 

0.97 
0.45 


0.82 
0.79 
0.51 
0.26 
0.39 
0.71 

1.00 
0.41 


0.75 
1.40 
0.73 
1.14 

0.57 
0.26 

1.13 
0.40 


0..58 
1.33 
0.47 
1.26 
2.70 
0.46 

1.77 
0.32 


0.45       0.62       0.83       0.7S       0.90       0.98 


0.4S 
0.63 

0.69 


0.88 
0.52 


0.66 
0.73 
0.68 
0.43 
0.68 
0.42 

0.89 
0.39 


0.72 
0.83 
0.66 
0.43 
O.SS 
0.43 

0.81 
0.39 


(c)    Worlcers  above  (Iround 


Northumberland  and 

Durham    

0.95 

1.95 

1.17 

1.05 

1.01 

0.19 



1.06 

1.11 

Lanca.shire     

1.05 

1.90 

0.99 

0.91 

1.35 

0.59 

1.06 

1.11 

Yorkshire 

0.23 

2.82 

1.09 

0.54 

0.91 

1.12 

0.97 

1.05 

0.74 
0.39 

0.75 
2.29 

0.98 
0.74 

0.56 

1.13 

0.49 
2.06 

-  -       -  - 

0.74 
0.73 

0.78 

Nottinghamshire    . . . 

0.75 

Staffordshire 

0.81 

0.78 



0.71 

0.91 

1.00       _  _ 

0.49 

0.50 

Monmouthshire     and 

South    Wales    .... 

0.21 

0.38 

0.51 

2.03 

1.11 

1.13 

1.04       _  _ 

0.97' 

0.87 

Other  districts 

0.35 

0.97 

0.90 

1.02 

0.30 

0.3S 

1.62 

0.139 

0.75 

England    and    Wales 

(all    dLstriets) 

0.58 

1.58 

0.91 

0.99 

0.92 

0.76 

0.45       _- 

0.91 

0.95 

'  For  the  purpose  of  standardization,  the  age  distribution  of  the  coal  miners  in  each  district  and 
occupation  has  been  assumed  to  be  identical  with  that  of  all  coal  miners  in  all  occupations  in 
England  and  Wales. 
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i.e.,  for  the  period  of  life  when  occupa- 
tional influence  may  be  expected  to  be 
established  and  when  productivity  is 
most  pronounced — the  period  which  the 
Registrar  General  considers  as  the  most 
useful  for  comparative  purposes. 

The  tendency  for  men  at  the  face  to 
suffer  more  from  phthisis  than  others 
below   ground    is   found   to   hold    good 


TABLE  9.— COMPARATIVE  MORTALITY  FROM 
PHTHISIS  AMOX<i  COAL  MIXERS.  AGED  25- 
&i,  CLASSIKIF.K  A('l'(iUIiIX(;  TO  COAL 
FIELDS  AXD  WORKIXG  I'OSITION,  FOR 
THE   PERIOD   1910-1912 


Occupational  Group 
Workers      Others      Workers 

Coal  at  below         above 

Field  Face         Ground       Ground 

Northumberland 

and    Durham... .  81 

Lancashire    125 

Yorkshire    92 

Derbyshire    77 

Nottinghamshire..  49 

Staffordshii-e     89 

Monmouthshire 

and  So.  Wales..  C4 
England   and 

Wales     85 


55 

69 

71 

44 

&4 

40 

59 

85 

39i 

29 

39 

79 

81 

G(i 

05 

throughout  life,  and  for  each  field  (ex- 
cept Nottingham  and  South  Wales) ; 
the  tendency  is  most  marked,  1.22  as 
compared  wdth  0.43,  for  Stalfordshire, 
and  Yorkshire,  1.78  as  compared  with 
0.66,  for  the  field  where  the  phthisis 
mortality  is  highest.  Nottingham  and 
Monmouthshire  and  South  Wales  pre- 
sent exceptions  in  that  workers  at  the 
face  suffer  less  from  phthisis  than 
others  below  ground  and  than  those 
above  ground;  indeed,  on  these  fields 
the  standardized  death  rates  from 
phtliisis  for  workers  at  all  ages  at  the 
face  are  less  than  on  any  field. 

With  a  disease  like  phthisis,  which  is 
more  prevalent  at  some  ages  than  at 
others,  the  distribution  of  the  disease 
according  to  age  must  be  considered.  In 


Yorkshire,  which  stands  at  the  top  of 
the  list,  workers  above  ground  suffer 
more  up  to  the  age  of  35.  In  Lanca- 
shire, which  comes  second,  the  position 
resembles  that  of  Yorkshire.  In  North- 
umberland and  Durham,  which  comes 
third,  those  at  the  face  do  not  suffer 
more  until  after  age  54.  In  Stafford- 
shire, which  comes  fourth,  those  at  the 
face  suffer  more  throughout  Ufe.  In 
Derbyshire  the  tendency  is  for  those  at 
the  face  to  suffer  more  through  life,  but 
the  data  for  this  field  and  for  Notting- 
hamshire, where  the  reverse  holds  good, 
are  too  few  to  rely  upon.  In  Monmouth- 
shire and  South  Wales  the  position  is 
unusual;  up  to  age  24  workers  at  the 
face  lead,  then  for  ages  25  to  44,  inclus- 
ive, workers  below  ground  lead,  and 
finally  for  ages  45  and  over  workers  at 
the  face  again  lead. 

Generally  on  all  the  fields  the  ten- 
dency is  for  workers  at  the  face,  during 
the  latter  half  of  their  working  life,  to 
suffer  markedly  more  from  phthisis 
than  do  others  employed  in  the  mining 
industry.  Evidence  points  to  the  pres- 
ence of  some  cumulative  adverse  in- 
fluence which  especially  affects  workers 
at  the  face. 

Pneumonia 

The  range  of  comparative  mortalities 
due  to  pneumonia  on  the  different  fields, 
stated  in  Table  1,  is  even  wider  than 
that  for  phthisis;  but  here,  unlike  the 
mortality  from  phthisis,  the  mortality 
from  pneumonia  among  coal  miners  in 
1910-1912,  on  four  fields,  exceeded  the 
standard  set  by  occupied  and  retired 
males,  and  in  1900-1902  it  exceeded  the 
standard  on  two  fields.  Apparently 
some  influence  is  present  on  some  fields, 
noticeably  Lancashire,  but  absent  on 
others,  which  predisposes  to  pneumonia. 
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TABLE   10.— MEAN  ANNUAL  DEATH   RATE   OF   COAL   JIINERS   !•  KOJI  PNEUMONIA' 


Age  Group 


15   Years  and 
O  vei- 


ls and 
15-19       20-24       25-34       35^4       45-54       55-64       65-74       Over 


Crude  Standard- 
Death         ized 
Rate  Death  Rate 


(a)     Worhcrs  ut   the  Face 


Northumberland  and 
Durham    

Lancashire     . . 

yorkshire 

Derbyshire 

Nottinghamshire    . . . 

Staffordshire 

Monmouthshire  and 
South   Wales    

Other  districts 

England  and  Wales 
(all    districts) .... 


0.91 

0.23 

0.36 

0.57 

1.10 

2.77 

4.03 

2.44 

0.S2 

0.83 

0.14 

0.39 

0.79 

0.87 

2.06 

3.29 

6.50 

8.62 

1.37 

1.15 

0.11 

0.27 

0.32 

0.68 

1.42 

2.87 

6.60 

5.36 

0.92 

0.84 

0.14 

0.16 

0.20 

0.40 

0.56 

1.32 

4.83 



0.50 

0.48 

0.38 

O.OS 

0.21 

0.58 

0.50 

1.18 

7.49 

2.33 

0.58 

0.59 

0.13 

0.50 

0.77 

1.6S 

2.S5 

3.79 

4.26 

1.00 

0.82 

0.15 

0.29 

0.35 

0.59 

1.08 

2.79 

5.28 

4.42 

0.61 

0.75 

0.19 

0.55 

0.38 

0.37 

1.22 

2.16 

4.35 

2.18 

0.76 

0.71 

0.81 


0.78 


(b)    Other  Workers  below  Ground 


Northumberland  and 
Durham    

Lancashire     

Yorkshire 

Derbyshire 

Nottinghamshire    .  .  . 

Staffordshire 

Monmouthshire  and 
South   Wales    

Other  districts 

England  and  Wales 
(all    districts).... 


0.19 

0.12 

0.14 

0.35 

0.90 

1.58 

3.07 

4.04 

0.45 

0.47 

0.42 

0.44 

0.(10 

1.38 

2.20 

3.23 

3.78 

5.75 

0.98 

1.18 

0.20 

0.33 

0.49 

0.80 

1.34 

1.40 

3.47 



0.51 

0.72 

0.10 

0.23 

0.22 

0.51 

0.38 

0.f!3 

4.36 

30.30 

0.29 

0.56 

0.17 

0.75 



1.57 



1.80 

6.35 

25.64 

0.55 

0.87 

0.17 

0.25 

0.27 

0.53 

1.31 

0.46 

1.37 

0.37 

0.47 

0.30 

O.U 

0.(i() 

0,77 

1.43 

2.74 

5.58 

3.06 

0.95 

0.94 



0.13 

0.11 

0.14 

0.61 

1.60 

0.88 

5.56 

0.26 

0.31 

1.23 


1.95 


4.64 


(c)    Workers  above  Ground 


Northumberland   and 

Durham    

0.25 
0.18 

0.54 

0.42 
0.50 

0.47 
0.55 

1.15 
0.90 

1.69 
3.85 

2.51 

5.86 

12.82 
14.81 

0.66 
1.19 

0.(« 

Lancashire     

0.94 

Yorkshire 

0.70 



0.44 

0.54 

1.82 

2.24 

3.27 

6.29 

0.92 

0.8:3 

0.25 

0.37 
1.15 

0.49 
0.74 

0.43 

0..38 
1.00 

0.97 
1.37 

3.82 
1.49 

0.54 
0.73 

0.44 

Nottinghamshire    . . . 

0.71 

Staffordshire 

0.40 

_,  _ 

0.26 

0.87 

0.71 

1.36 

2.00 

14.49 

0.74 

0.62 

Monmouthshire     and 

South    Wales    

0.94 

0.60 

1.12 

1.11 

2.03 

2.07 

3.70 

0.99 

0.S6 

Other  districts 

0.17 



0.22 



0.59 

1.89 

4.05 



0.57 

0.39 

England    and    Wales 

(all    districts) 

0.29 

0..30 

0.46 

0.58 

1.06 

2.03 

2.95 

6.69 

O.Sl 

0.70 

'  For  the  purpose  of  standardization,  the  age  distribution  of  the  coal  miners  in  each  district  and 
occupation  has  been  assumed  to  be  identical  with  that  of  all  coal  miners  in  all  occupations  in 
England   and  Wales. 
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TABLE  11.  —  COMPARATIVE  MORTALITY 
FROM  rXETMOXlA  AMONG  COAL 
MIXERS.  AGED  25-64,  CLASSIFIED  AC. 
(•ORDIX<i  TO  COAL  FIELDS  AND  WORK- 
ING   I'OSITION.    FOE    THE    PERIOD    1910- 

iin-2 


Oeeupational  ( 

iroup 

Workers 

Others 

Workers 

Coal 

at 

below 

above 

I-lekl 

Face 

Grouud 

(irouud 

Northumberland 

and  Durham    . . 

64 

39 

54 

Lancashire     

101 

107 

74 

Xorkshire     

71 

62 

71 

Derbrshire     

36 

2S 

28 

Ndttiii^hanisliire.... 

36 

49 

56 

Stalfdnlshire    

81 

41 

4S 

Mouuuiuthshire 

and    So.   Wales. 

04 

7!) 

74 

England 

anil   Wales    .... 

67 

62 

50 

Distrihiitiou    by   Occiipafiou 

All  Coal  Miners. — The  mortality  from 
pneumonia  among  miners  distributed 
according  to  occupation  is  given  in 
Tables  10  and  11.  Here  other  workers 
below  ground  are  found  to  suffer  slightly 
more  than  men  at  the  face,  up  to  age  44, 
after  wliich  age  men  at  the  face  suffer 
more.  Workers  above  ground  in  early 
life,  up  to  age  34,  suffer  more  than  either 
group  of  underground  workers,  but  for 
later  age  periods  the  mortality  is  higher 
among  the  underground  workers. 

Separate  Coal  Fields.  —  Lancashire 
stands  at  the  top  of  each  occupational 
group;  at  all  ages  men  at  the  face  and 
below  ground  suffer  nearly  equally,  but 
among  men  at  the  face  there  is, an  excess 
of  the  disease  after  age  65;  in  the  mid- 
period  of  life  both  underground  groups 
suffer  more  than  workers  above  ground. 

In  StafTordshire  men  at  the  face  suf- 
fer more  than  the  other  two  occupational 
groups,  throughout  life  (except  for  the 
unreliable  period,  ages  75  and  over). 

In  Yorkshire  there  is  a  close  similar- 
ity between  tlie  prevalence  of  the  dis- 
ease among  men  at  the  face  and  the 
prevah'iice  among  those  above  ground; 


and  throughout  life  both  groups  tend 
to  suffer  more  than  others  working  be- 
low ground. 

In  Monmouthshire  and  South  "Wales 
the  tendency  is  for  pneumonia  to  be 
more  prevalent  throughout  life  among 
(ithers  below  ground  than  among  men  at 
the  face,  and  among  those  above  ground. 
These  four  fields  experience  more  pneu- 
monia than  the  standard  population. 

In  Northumberland  and  Durham  men 
at  the  face,  up  to  age  64,  suffer  more 
than  either  of  the  other  groups;  and 
those  above  ground  suffer  more  than 
others  below  ground. 

In  Nottingham  and  Derby,  which 
stand  lowest,  men  at  the  face  suffer 
less  than  others  below  ground. 

The  general  tendency  on  the  fields 
where  pneumonia  is  high  is  for  men  at 
the  face  to  suffer  more  than  others  be- 
low ground ;  this  tendency  is  reversed  in 
Nottingham  and  in  Monmouthshire  and 
South  Wales,  the  fields  where  i^htliisis 
is  also  unusual  in  that  it  is  more  preva- 
lent among  others  below  ground  than 
among  those  at  the  face. 

Bronchitis 

As  in  the  case  of  pneumonia,  data  in 
Table  1  disclose  a  wide  range  in  the 
mortality  from  bronchitis  among  coal 
miners.  In  1900-1902  this  mortality  on 
four  fields  exceeded  the  standard  set  by 
occupied  and  retired  males,  and  in  1910- 
1912  this  standard  was  exceeded  on  five 
fields.  Here,  just  as  in  the  case  of  pneu- 
monia, there  is  evidence  of  some  in- 
fluence being  present  on  certain  fields, 
noticeably  Lancashire,  which  predis- 
poses to  bronchitis. 

Disl rihiitioii    hji   Occii patidii 

All  Coal  Miners. — Tlie  mortality  from 
l)roiichitis     among    minors     disf  i'il)uted 
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TAP.LE   IL'.— MEAX   AXXIAL  DEATH  RATE    OF    COAT,   MINERS    FROil    BRONCHITIS  ' 


Age   (iniiiii 


15  Tears  and 
Over 


75 
and 


15-19       20-Sl       25-34       3oV-44       43-54       55-64       C5-74 


Crude 
Death 
Rate 


Standard- 
ized 
Death 
Rate 


(a) 

Wurkcrs 

ai  till 

Face 

0.02 

0.15 

0.38 

3.32 

11.76 

19.84 

0.95 

0.71 

0.06 

0.36 

1.48 

8.03 

26.60 

52.68 

2.15 

1.78 

0.01 

0.13 

0.64 

4.10 

20.14 

45.58 

1.14 

1.13 

0.03 

0.08 

0.56 

3.29 

17.92 

32.86 

0.98 

0.94 

0.00 

0.20 

1.97 

11.24 

53.61 

0.75 

0.73 

0.06 

0.16 

1.23 

4.98 

27.89 

47.92 

2.05 

1.49 

0.03 

0.15 

0.S7 

5.70 

22.29 

31.64 

0.81 

1.26 

0.02 

0.15 

0.37 

3.73 

10.95 

62.45 

1.46 

1.08 

Xorthumlierland  and 
1  lurhniu     

Lancashire     

York.shire 

Derbyshire 

Nottinshainshire    . . . 

Staffordshire 

Monmouthshire  and 
South    Wales    

Other  districts 

England  and  Wales 
(all    districts)  .... 


0.01 


(h)    Other  Workers  ieloir  Ground 


Northumberland  and 
Durham    

Ijancashire     

Yorkshire 

Derbyshire 

Nottinshamshire    . . . 

Staffordshire 

Monmouthshire  and 
South   Wales    

Other  districts 

England  and  Wales 
(all    districts) .... 


0.03 
0.14 


0.04         0.04 
0.(h3         0.04 


0.09 
0.13 
0.15 
026 


0.47 
0.70 
0.61 

0.38 

0.26 

1.13 
0.61 


1.43 
3.42 
1.64 
0.63 
0.90 
1.39 

4.59 
096 


5.98 
19.12 

8.32 

4.36 
12.70 

6.83 

17.62 
6.19 


40.40 
28.74 
18.18 
181.82 
153.85 
20.83 

55.05 

27.78 


0.42 
0.58 
0.24 
029 
0.47 
0.24 

1.01 
0.36 


0.55 
092 
0.52 
1.16 
1.16 
0.41 

1.25 
0.44 


(c)    Workers  ahore  GronniJ 


Northumlierland  and 
Durham    

Lancashire     

Yorkshire 

Derbyshire 

Nottinghamshire    . . . 

Staffordshire 

Monmouthshire  and 
South   Wales    .... 

Other  districts 

England  and  Wales 
(all    districts) 


0.35 

1.01 

1.88 

7.10 

32.05 

078 

066 

055 

0.90 

4.14 

11.72 

29.63 

1.39 

0.99 

0.27 

091 

1.40 

7.19 

37.74 

0.70 

063 

0.28 



3.41 

7.frl 

49.65 

1.18 

079 

043 

\.m 

2.7.5 

10.42 

.38.76 

1.40 

085 

o.a5 

5.90 

2.0O 

14.49 

0.89 

0.56 

0.10 

0.70 

2.48 

5.69 

22  2^ 

0.82 

0.61 

0.26 

0.30 

1.51 

4.S5 

33.33 

0.77 

0.48 

'  For  the  purpose  of  standardization,  the  age  distribution  of  the  coal  miners  in  each  district  and 
occupation  has  been  assumed  to  be  identical  with  that  of  all  coal  miners  in  all  occupations  in 
England  and  Wales. 
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according  to  occupation  and  age  is 
stated  in  Tables  12  and  13.  Men  above 
ground  are  found  to  suffer  more  from 
bronchitis  in  early  life,  men  at  the  face 
suffer  more  after  age  45,  and  others 
below  ground  after  age  65. 

Separate  Coal  Fields. — In  Lancashire 
where  the  bronchitis  mortality  is  high- 
est, the  relative  prevalence  of  the  dis- 

TABLE  13.  —  COMPARATIVE  MORTALITY 
FROM  BRONCHITIS  AMONG  COAL 
MIXERS,  AGED  25-&4,  CLu\SSI^^ED  AC. 
CORDING  TO  COAL  FIELDS  AND  WORK- 
ING POSITION,  FOR  THE  PERIOD  1910- 
1912 


Occupational 

Group 

Workers 

Others 

Workers 

Coal 

at 

below 

above 

Fielil 

Face 

Ground 

Ground 

Northumberland 

aud  Durham    . 

42 

24 

40 

Lancashire     ... 

lOS 

50 

&4 

Yorkshire     

51 

28 

32 

Derbyshire     ... 

43 

17 

45 

Nottinghamshire 

23 

9 

50 

Staffordshire 

71 

17 

02 

Monmouthshire  : 

md 

South  Wales 

72 

68 

40 

England   aud 

Wales     

m 

30 

45 

ease  by  occuj^ation  is  the  same  as  for  all 
coal  miners.  In  Monmouthshire  and 
South  Wales  others  below  ground  suffer 
most  up  to  age  54,  after  which  men  at 
the  face  suffer  most.  Men  above  ground 
suffer  rather  less  than  either  group 
throughout  life.  In  Staffordshire  men 
at  the  face  suffer  most,  workers  above 
ground  coming  second.  In  Yorkshire 
the  same  is  true.  The  prevalence  of 
bronchitis  on  these  four  fields  is  above 
that  among  the  standard  population. 
For  Derbyshire  the  tendency  up  to  age 
75  is  for  men  at  the  face  to  suifer  most 
from  the  disease;  and  on  this  field,  ex- 
cept at  the  terminal  age  period,  men 
above  ground  suffer  more  than  others 
below  ground.  In  Nottinghamshire  the 
tendency  is  for  men  above  ground  to 
suffer  more  throughout  life  tlian  those 


underground,  but  for  both  underground 
groups  to  catch  up  late  in  life. 

The  general  tendency  is  for  bronchi- 
tis, especially  when  present  in  excess,  to 
affect  men  at  the  face  particularly  later 
in  life ;  but  here  again  the  exceptional 
position  of  the  Monmouthshire  and 
South  Wales  field  is  notable. 

Accidents 

The  mortality  rate  from  accidents 
among  coal  miners  is  exactly  opposite 
to  that  from  phthisis  in  being  above  the 
standard  for  occupied  and  retired  males 
on  all  the  coal  fields,  but  it  resembles 
the  mortalities  from  phthisis,  pneu- 
monia, and  bronchitis  in  showing  a 
marked  diversity  on  the  various  fields 
and  in  being  highest  where  these  dis- 
eases are  most  prevalent,  and  vice 
versa.  In  1910-1912  the  position  of  the 
coal  fields  arranged  in  order  of  merit 
according  to  the  mortality  rate  from 
either  pneumonia  or  accidents  was  ex- 
actly the  same,  and  in  1900-1902  there 
Avas  also  a  close  similarity. 

Distribution   hij  Occupation 

All  Coal  Miners. — The  mortality  dis- 
tributed by  occupation  is  stated  in 
Tables  14  and  15.  Others  below  ground 
are  found  to  suffer  the  highest  mortality 
from  accidents  throughout  life ;  men  em- 
ployed at  the  coal  face  come  next;  and 
those  above  ground  come  last. 

Separate  Coal  Fields.  —  In  Lanca- 
shire, where  the  accident  rate  for  ages 
25  to  64,  like  the  mortality  rate  from 
phthisis,  pneumonia,  and  bronchitis,  is 
the  highest  on  the  coal  fields,  others  be- 
low ground  have  a  higher  mortality 
throughout  life  than  men  at  the  face,  and 
men  at  the  face  a  higher  mortality  than 
workers  above  ground.  In  Monmouth- 
shire and  South  Wales  the  position  with 
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TABLE   14— MEAN   ANNUAL   DEATH   RATE   OF  COAL   MIXERS   FRO:\I    ACCIDENT' 


District 


Age  Griiup 


15  Tears  and  Over 


15-19      20-24      25-34 


75  and 
35-44     45-54     55-64     65-74        Over 


Crude   Standard- 
Death         ized 
Rate   Death  Rate 


(a)    Workers  at   the  Face 


Northumberland  and 
Durham    

Lancashire     

Yorkshire   

Derbyshire 

Nottinghamshire    . . . 

Staffordshire 

Monmouthshire  and 
South    Wales    

Otlier  districts 

England  and  Wales 
(all    districts) 


2.13 
0.14 
0.22 
0.42 
0.57 
1.24 

1.00 
2,09 


I.IS 
2.10 
0.57 
0.80 
0.56 
1.20 

0.S2 
2.15 


1.08 
2.24 
1.33 
0.67 
0.67 
1.03 

1.00 
2.39 

1.30 


1.15 
2.06 
1.11 
1.16 
1.27 
1.43 

1.36 
2.60 


1.69 
2.46 
1.39 
0.97 
0.90 
2.01 

1.40 

2.85 


2.45 
2.7S 
2.05 
1.58 
2.57 
2.14 

2.34 
2.06 


2.C5 
2.17 
2.03 
2.07 
2.14 
1.08 

2.31 
4.35 


1.46        1.73 


3.05 
2.87 
0.89 
4.69 
2.33 
5.32 

1.47 
2.90 

2.85 


1.39 
2.17 
1.20 
0.95 
0.98 
1.43 

1.17 

2.52 


1.50 
1.90 
1.06 
0.90 
0.96 
1.39 

1.23 
2.53 


(b)    Other  Workers  heloir  Ground 


Northumberland  and 
Durham    

Lancashire     

Yorkshire 

Derbyshire 

Nottinghamshire    .  .  . 

Staffordshire 

Monmouthshire  and 
South   Wales    .... 

Other  districts 

iOngland  and  Wales 
(all    districts) 


1.23 
3.23 
1.48 
1.25 
0.91 
1.55 


1.55 


0..57 
3.30 
2  43 
1.37 
1.13 
1.52 

2.70 
0.91 


0.71 
3.10 

2.82 
1.08 

0.96 


1.02 
1.90 


0.95 
3.23 
3.05 
2.04 
0.39 
1.42 

2.84 
1.10 


1.10 
4.10 
3.65 
2.65 
0.57 
3.41 

3.29 
1.62 


1.27 
5.13 
2.57 
1.26 
1..80 
4.16 

4.24 
1.92 


0.65 
2.52 
3.47 
2.18 


4.70 
4.42 


OftS 

0  90 

3.40 

3.46 

2  27 

2.07 

1.44 

1.57 

0.77 

0.59 

1.69 

1.72 

2.87 

2.92 

0.99 

1.13 

(c)    Workers  above  Ground 


Northumberland   and 

Durham    

0.76 

0.43 

0.50 

0.47 

0.72 

1.13 

1.67 



0.68 

0.02 

I^ancashire     

0.35 

0.54 

0.99 

0.73 

2.70 

2.96 



7.41 

1.22 

1.11 

Yorkshire 

1.40 
0.98 

0.19 
0.37 
0.57 

0.65 
0.98 

1.36 
0.28 
0.43 

1.28 

1.96 
0.97 

1.96 
1.49 

12.58 

1.17 
0.59 
0.22 

1.10 

0.60 

Nottinghamshire    .  .  . 

0.21 

Staffordshire 

0.92 

0.81 

0.78 

0.58 

1.42 

1.S2 

4.00 



1.14 

1.00 

Monmouthshire     and 

South   Wales    .... 

1.69 

1.32 

0.60 

1.63 

0.70 

2.71 

4.66 

3.70 

1.43 

1.37 

Other  districts 

0.17 

0.65 

0.45 



0.59 

0.38 



4.77 

0.36 

0.37 

Er.L'land    and    Wales 

(all    disti-icts) 

0.83 

0.60 

0.63 

0.85 

1.00 

1.68 

1.88 

3.35 

0.98 

0.86 

'  For  the  purpose  of  standardization,  the  age  distribution  of  the  coal  miners  in  each  district  and 
occupation  has  been  assumed  to  be  identical  with  that  of  all  coal  miners  in  all  occupations  in 
England   and  Wales. 
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T\BLE      1').    —    COMPARATIVE      MORTALITY 
FROM  ACCIDENTS        AMONG        COAL 

MIXERS.  AGED  25-G4,  CLASSIFIED  AC. 
CORDING  TO  COAL  FIELDS  AND  WORK- 
ING POSITION.  FOR  THE  I'ERIOD  1910- 
1912 


Occiiiiatiuiiiil  <; 

Jruuii 

Workers      Others 

Workers 

Coal 

at             beliiw 

above 

Field 

Face         Ground 

Ground 

Northumberland 

and    Durham     . .  90 

Lancashire     KU 

York.shire     !».s 

Derbyshire     71 

Nottinghamshire..  M' 

Staffonlshire      107 

Monmouthshire 

and  So.  Wales .  .  97 
England  and 

Wales     112 


(56 

45 

256 

109 

21. -5 

8.3 

121 

41 

33 

9 

1-H 

70 

209 

Sj 

1.5S 

0.") 

regard  to  those  underground  is  the 
same,  but  workers  above  ground  tend 
to  suffer  a  higher  mortality  at  nearly 
every  age  than  do  men  at  the  face.  In 
Yorkshire  the  usual  position  is  found, 
others  below  ground  experiencing  more 
fatal  accidents  throughout  life  than  men 
at  the  face,  and  men  at  the  face  (except 
after  age  75)  more  than  workers  above 
ground.  In  Staffordshire  and  in  Der- 
byshire the  same  is  true.  In  Durham 
and  Northumberland  and  in  Notting- 
hamshire men  at  the  face  are  excep- 
tional in  heading  the  list  throughout  life ; 
others  below  ground  come  next ;  and 
workers  above  ground  last. 

Mortality  data  for  accidents  for  the 
years  1910-1912  cannot  be  discussed 
without  reference  to  the  occurrence  of 
two  mining  disasters.  One,  which  took 
place  in  1910  at  Ilulton  in  Lancashire, 
caused  344  deatlis,  and  thus  raised  the 
total  of  fatal  accidents  on   that  ticid  to 


4(J0,  as  compared  with  110  in  1911,  and 
129  in  1912 ;  the  explosion  occurred 
while  coal  getting  was  in  progress  and 
affected  all  underground  Avorkers  alike. 
The  other  disaster,  Avhich  occurred  in 
1912  at  Cadeby  in  Yorkshire,  caused  88 
deaths,  and  thus  raised  the  total  of  fatal 
accidents  on  that  field  to  247  for  that 
year,  as  compared  with  166  for  1911,  and 
173  for  1910;  this  explosion  did  not 
affect  men  at  the  face  as  repairing  work 
only  was  in  progress  at  the  time.  These 
two  disasters  affect  the  position  of  the 
fields  concerned  as  may  be  seen  by  cal- 
culating the  annual  accident  rate,  apart 
from  explosions,  for  the  four  fields  with 
the  highest  rates. 


Total 
Number 
Coa!  Employed. 

F:eld  1911-       Number 

Lancashire     102.S94  354 

Yorkshire    14.S.02C.  4s0 

Monmouthshire 

and   So.   Wales  220..S15  923 

Staffordshire     .  .     56.270  217 


Fatal  Accidents 

(Explosions  Excluded), 

1910-1912' 

Annual  Do  ith 
Rate  per  l.COO 
■     1.15 
1.09 


1.39 
1.29 


T]ie  general  iendency  is  for  others 
below  ground  to  suffer  a  higher  mortal- 
ity from  accident.'^  than  men  at  tlie  face, 
and  for  both  groups  of  underground 
workers  to  suffer  a  higher  mortality 
than  workers  above  ground.  But  on  twa 
fields,  where  the  accident  rate  is  low — 
Durham  and  Northumberland,  and  Not- 
tingham— others  below  ground  suffer 
less  than  men  at  the  face ;  these  two 
fields  liave  already  been  noted  as  stand- 
ing lielow  the  average  for  all  coal  fields 
for  each  of  the  respiratory  diseases. 

-  Tlie  data  lieie  are  estimates  made  by  the  II(une 
Oll'ce  of  (I/I  lli(>  nnmlKM-  eniiibiyed  and  (//I  tlie 
dcatlis   at'i-'btilalile    lo   iiiiniiii;   accidnils. 


(  ■/'(;    /;(■   CijiiliiiiKd  1 


MEDICAL    EXAMINATION    OF    EMPLOYEES* 


D.  A.  Coles,  M.D. 

CJi/iiniWH  of  the  Medical  Commiitec  of  the  InOiixIrial   Welfare  Soeietii,  London 


The  general  consensus  of  opinion  (lay 
and  medical)  endorses  the  sound  axiom  that, 
whenever  possible,  each  employee  should  be 
medically  examined  before  being  accepted 
for  any  kind  of  work.  In  all  large  works 
this  is  essential — in  the  small  one  it  is  ex- 
tremely advisable — in  the  interests  of  the 
employee,  the  employer,  and  the  community 
in  general.  This  axiom  being  accepted,  it 
follows  that  a  form  to  be  filled  in  shoiild  be 
provided.  What  the  exact  nature  of  this 
form  should  be  can  be  determined  only  after 
mature  consideration,  founded  on  experience 
and  corrected  by  revision. 

The  following  rules  should  be  adopted  in 
the  preparation  of  forms  for  medical  exami- 
nation to  be  filled  in  by  the  physician  ex- 
amining the  employee : 

A.  The  examination  must  be  strictly  con- 
fidential, and  must  not  be  filed  with  the 
general  dossier  or  record  of  the  worker. 
The  forms  should,  therefore,  be  headed 
Private   and  Confidential. 

B.  The  examination  should  be  made  by 
a  physician  specially  qualified  for  this  par- 
ticular work.  For  example,  the  senior  sur- 
geon of  a  large  hospital  may  be  as  unfitted 
to  decide  between  functional  and  organic 
disease  of  the  heart,  as  the  examining  physi- 
cian would  be  to  perform  a  complicated 
abdominal  operation.  The  one  is  a  specialist 
and  aims  at  knowing  everything  about  some- 
thing; the  other  should  know  something 
about  everything. 

C.  The  forms  should  be  uniform:  (u)  for 
purpose  of  comparison;  (h)  for  facility  in 
recording  statistics;  (c)  for  saving  time; 
and   id)   for  economy  in  their  production. 

D.  The  forms  should  be  simple.  What 
is  not  relevant  may  always  be  neglected,  but 
what  is  omitted  in  the  form  may  be  forgot- 
ten. It  ensures  greater  accuracy  and  pre- 
vents the  omission  of  important  details. 

E.  They  should  be  printed:  (a)  on  one 
side  only;  (h)  on  good  paper  to  avoid  de- 
struction; (e)  in  small,  clear  type,  providing 
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ample  room  for  answers ;  (d)  on  thin  paper 
for  reduplication.  Two  copies  are  always 
required,  frequently  more. 

F.  Different  forms  should  be  printed  on 
differently  colored  paper. 

(t.  Different  forms  should  be  provided 
for  different  circumstances:  fa)  Seui  em- 
ployees: (1)  men,  (2)  women,  (3)  children 
—  (1)  and  (2)  may  appear  on  the  same  form, 
though  this  is  generally  not  advisable;  (h) 
Accidents:  (1)  original  examination,  (2) 
continuation,  i.e.,  subsequent  examinations. 

It  is  important  that  a  copy  of  each  report 
should  be  filed  for  readj^  reference  by  the 
physician.  At  each  subsequent  examination 
he  should  have  before  him  all  the  worker's 
previous  medical  reports. 

The  following  specimen  health  report  is 
submitted  for  comment,  suggestion,  and  dis- 
cussion. As  already  indicated,  it  should  be 
headed  Private  and  Confidential.  Below 
these  words  should  appear  the  name  of  the 
firm,  corporation,  or  society. 

HEALTH   RErORT 
Part  I 

Xame  (of  emplo.vee).  Surname  followed  by 
other  names.  The  address  may  he  inserted  if 
necessary.  Generally,  however,  it  is  unnecessary 
and  therefore  .should  not  cumber  the  report,  as  it 
will  always  appear  in  his  other  papers. 

Wages  Xo.  Sometimes  called  '"Works  No.," 
"Stage  No.."  etc. 

(".P.  No. — i.e.,  ("o-partuership. 
1.  Suitability  for  this  occupation.  I  have  placed 
this  imnii'diately  after  the  worker's  name  for  the 
(iinrenience  of  the  manager.  It  1&  often  the  only 
answer  at  which  he  looks.  It  may  also  lie  used 
for  suitability  for  co-partner.ship,  old-age  pension, 
etc.  It  may  he  answered  "Yes."  "No,"  "Post- 
poned," "For  light   work   only."  etc. 

2.  Age  on  last  birthday.  A  birth  certificate 
should  be  procured  if  possible.  In  my  experience 
at  a  military  hospital,  also  at  the  re-survey  board 
of  the  Ministry  of  Pensions,  as  the  pensions  repre- 
sentative on  the  Dispersal  Board  at  a  Dispersal 
Hospital  in  London,  and  as  medical  officer  to  the 
Ministry  of  Munitions.  I  found  that  there  were 
two  age.s — ^the  official  age  and  the  real  age.  In 
industry  it  is  equally  important,  as  the  following 
Incident  shows.  I  once  said  to  a  man.  "Your 
birth  certificate  shows  yon  to  be  .34 ;  yon  gave 
your  age  last  year  as  29."     "Well,   sir."  said   the 
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man,   "thr  jub   wtis  open   only   to   men   under  30." 

3.  Height. 

4.  Weight. 

5.  Occupation. 

0.  Duration  of  service  with  this  firm  (present 
and  previous).  If  previously  employed,  mention 
the  reason  why  he  left  the  company — c.jj.,  slack- 
ness  of   work,   ill  health,   etc. 

7.  Time  lost  through  illness  during  the  past 
five  years. 

8.  Date  of  previous  medical  reports  (health, 
accident,  special,  etc.).  I  attach  much  importance 
to   this  question. 

Part  II 

f).     Family  history. 

10.  Previous   maladies. 

11.  Military  history — e.g..  date  of  joining  the 
service,  together  with  categor.v :  gunshot  wounds, 
illness,  accident,  etc..  during  military  service,  date 
of  demobilization,  with  category;  pension. 

12.  Sight. 

13.  Hearing. 

14.  Teeth. 

15.  Rupture. 

16.  General   health.     Heart,   lungs,   etc. 

17.  General   remarks. 

There  are  numerous  other  questions  which 
may  appear  on  a  medical  report,  some  of 
which  are   advisable,  such  as,  for  instance, 


a  urine  examination.  (There  are  obvious 
difficulties  in  making  this  test  universal.) 
Other  questions  which  are  often  included 
are  inadvisable.  An  example  of  this  type 
of  question  is  the  following:  "Is  the  worker 
moderate  in  the  use  of  alcohol  ? ' '  Not  once 
in  ten  thousand  times  does  a  physician 
answer  this  in  the  negative.  The  question 
is  nearly  always  put  to  the  examinee  on  a 
life  assurance  form,  and  it  is  always  an- 
swered in  the  affirmative,  even  by  the  habit- 
ual drunkard. 

The  above  is  only  suggested  as  a  skeleton 
form  to  encourage  comment.  The  questions 
are  divided  into  two  parts,  the  first  eight, 
except  under  the  head  of  suitability,  being 
of  a  general  character,  the  remainder  of  a 
medical  character,  and  of  a  specially  con- 
fidential nature.  In  all  cases  where  the 
answers  to  the  questions  are  on  the  worker's 
authority  only,  the  word  "stated"  should  be 
inserted. 

I  shall  be  pleased  to  consider  correspond- 
ence containing  suggestions  and  criticisms 
with  reference  to  the  proposed  form.  Letters 
should  be  sent  to  me  at  the  following  address : 
The  Industrial  Welfare  Society,  51,  Palace 
Street,  Westminster. 


LABOUR  RECORDS  IN  FACTORIES* 

G.  M.  Broughton,  M.A.,  O.B.E. 
Adviser,  Labour  Bureau.  Oorernment  of  India 


The  subject  of  record-keeping  in  factories 
is  now  coming  into  prominence.  The  neces- 
sity of  recording  facts  relating  to  output, 
amount  of  material  used  and  power  con- 
sumed, in  order  that  the  costs  of  manufacture 
may  be  estimated,  has  been  recognized  for 
some  time  past.  The  important  part,  how- 
ever, that  the  human  element  plays  in  the 
enhancement  or  the  lowering  of  the  costs  of 
production  has  not  yet  received  the  same 
attention.  In  many  factories  one  finds  that 
practically  no  records  relating  to  the  em- 
ployees are  kept.  Almost  the  only  fact  that 
appears  to  be  noted  is  the  employee's  name 
in  the  wages  book.  Consequently,  in  many 
cases  of  absence,  as  even  the  address  of  the 
worker  is  not  known,  there  are  no  means  of 
ascertaining  whether  his  absence  is  merely 
temporary  or  whether  he  has  no  intention  of 
returning.  In  this  way  thousands  of  workers 
drift  in  and  out  of  employment  without  the 
factory  management  having  any  definite 
knowledge  of  the  causes  influencing  this  ebb 
and  flow.  This  condition  of  afi'airs  is  not 
peculiar  to  India ;  it  holds  good  to-day  in 
England  among  many  firms.  The  reason  for 
this  in  England  is  that,  in  ordinary  seasons, 
the  supply  of  labour  is  plentiful :  in  India, 
on  the  other  hand,  though  labour  is  generally 
difficult  to  obtain,  yet,  in  view  of  its  nominal 
cheapness,  managers  have  felt  it  unnecessary 
to  give  special  attention  to  this  question. 

There  are,  however,  many  obvious  advan- 
tages that  immediately  accrue  as  a  result  of 
installing  a  sound  system  of  record-keeping. 
The  writer  is  taking  this  opportunity  of 
drawing  attention  to  some  of  them — and 
hopes  also  to  answer  some  of  the  objections 
generally  brought  forward  bj-  the  opponents 
of  record-keeping.  After  having  dealt  with 
both  aspects  of  this  question,  it  is  proposed 
to  make  some  suggestions  regarding  record 
forms.  It  is  not  intended  to  imply  that  it 
will  be  possible  for  all  firms  to  adopt  exactly 
the  same  forms.  Each  firm  will  necessarily 
have  to  make  alterations  and  modifications  to 
adapt  the  forms  to  its  own  requirements.  The 
model  forms  given  here  should,  however,  serve 
as  a  useful  guide. 

A    difficultv    with    which    managers    are 
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usually  confronted  is  connected  with  the  selec- 
tion and  maintenance  of  a  healthy  and  effi- 
cient working  staff.  Very  little,  however, 
appears  to  be  done  directly  to  achieve  this 
end,  beyond  the  provision  of  good  working 
conditions.  In  England  some  employment 
superintendents  succeed,  by  means  of  rough 
and  ready  tests,  in  eliminating  applicants 
who  are  obviously  unfit.  Psychological  tests- 
of  practical  ability  are,  however,  gradually 
being  evolved  (1)  (2).  Much  thought  is 
being  given  to  this  subject  in  America  also 
(3)  (4).  In  India  the  scarcity  of  labour 
makes  selection  still  moi-e  difficult.  There  is 
little  doubt,  however,  that  Indian  employers 
also  would  benefit  by  studying  methods  of 
selection.  The  methods  now  in  vogue  are 
admittedly  unsatisfactory — hereditary  train- 
ing and  aptitude  are  neither  available  nor 
considered  essential  for  employment  in  power 
factories.  Owing  to  the  chronic  shortage  of 
labour,  the  employer  is  apt  to  engage  all 
persons  offering  themselves,  and  very  often 
this  important  work  is  left  to  a  contractor 
who  has  no  interest  in  the  efficiency  of  the 
labour  which  he  supplies.  The  result  of  this 
haphazard  procedure,  or  absence  of  method, 
becomes  immediately  evident  if  an  estimate  is 
made  of  the  large  proportion  of  workers  who 
leave  after  only  a  few  weeks.  An  enquiry 
made  in  England  in  munition  and  non-muni- 
tion factories  (5),  showed  that  in  many  cases 
over  fifty  per  cent,  of  those  engaged  left 
within  the  first  three  months  of  employment. 
The  proportion  is  ])robably  much  larger  in 
India.  In  one  factory,  for  example,  where  the 
conditions  of  employment  are  exceptionally 
good,  it  has  been  calculated  that  there  is  a 
complete  labour  turn-over  once  every  eighteen 
months.  It  will  therefore  be  worth  while  to 
take  steps  to  ascertain  the  causes  governing 
this  constant  change  among  the  workers. 
]\Ien  are  trained,  but  leave  before  they  have 
given  an  economic  return  for  their  training. 
They  have  to  be  replaced  by  fresh,  unskilled 
workers.  Output,  in  consequence,  is  consid- 
erably below  the  level  it  would  otherwise 
reach.  The  workers  on  their  part  also  suffer, 
as  they  seldom  attain  sufficient  skill  to  earn 
the  highest  wages. 

As  a  first  step,  the  writer  suggests  that  a 
member  of  the  factory  staff  should  be  en- 
trusted with  the  definite  task  of  discovering 
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the  reasons  why  the  workers  leave.  He 
should  also  be  asked  to  keep  a  separate  record 
for  each  worker.  If,  as  a  result,  it  is  found 
that  many  are  leaving  because  they  have  no 
aptitude  or  likino:  for  the  work,  or  because 
they  are  lacking  in  physique,  then  the  need 
for  a  careful  preliminary  .selection  will  be 
at  once  apparent.  If,  on  the  other  hand,  the 
men  or  women  leave  because  they  are  dissat- 
isfied with  any  features  in  the  working  con- 
ditions, then  it  may  be  possible  to  rectify 
them  and  so  to  lessen  the  exodus  from  the 
factory. 

Again,  the  time-keeping  in  the  factory  maj- 
be  unsatisfactory.  No  steps  can  be  taken  to 
improve  it  until  the  cause  is  discovered.  It 
may  be  due  to  faulty  transport  facilities,  to 
long  hours  of  work  and  short  spells  of  rest 
inducing  avoidable  fatigue,  or  to  hours  of 
work  not  adapted  to  the  habits  and  customs 
of  the  workers.  No  doubt,  all  these  matters 
do  receive  the  constant  attention  of  all  com- 
petent managers,  but  it  seems  to  the  writer 
that  the  best  way  of  discovering,  in  a  syste- 
matic manner,  the  main  causes  at  work  is  to 
introduce  some  machinery  whereby  the  rea- 
sons of  lateness  and  bad  time-keeping  are 
not  only  recorded  but  also  studied. 

Further,  there  may  be  an  undue  amount 
of  sickness  among  the  workers  in  one  particu- 
lar department  or  in  the  factory  as  a  whole. 
It  ought  to  be  easy  to  ascertain  the  causes 
from  properly  maintained  dispensary  rec- 
ords. In  her  visits  to  mills  and  factories  the 
writer  has  frequently  been  introduced  to  the 
medical  staffs.  They  are  almost  invariably 
interested  in  their  duties  and  anxious  to 
lessen  the  incidence  of  sickness  in  the  works. 
Their  time  is,  however,  as  a  rule,  fully  occu- 
pied with  the  clinical  part  of  the  work  and 
the  records  relating  thereto.  Sufficient  use  is 
not  made  of  the  data  thus  available.  In  order, 
however,  that  these  data  may  be  easily  utilized 
the  doctors  should  be  consulted  and  a  stand- 
ard system  of  classification  should  be  intro- 
duced. The  trade  association  concerned  might 
then  appoint  a  medical  man  to  study  the 
records  with  a  view  to  discovering  what  the 
more  general  ailments  are  and  their  causes, 
or  assistance  would  probably  be  given,  if 
desired,  by  medical  experts  belonging  to  the 
government  of  India  or  to  the  provincial  gov- 
ernments. 

Besides  sickness,  accidents  also  plaj-  a  large 
part  in  lowering  output.  In  this  connection 
the  writer  wishes  to  draw  attention  to  the 
"Safety  Fir.st"  movement  (6),  which  is  grad- 
ually spreading  throughout  the  more  import- 
ant industries  in  various  countries.  It  makes 
an  a])pi'al  specially  to  tlic  intelligence  of  tlie 


workmen.  Factory  managers  are  naturally 
concerned  in  the  reduction  of  the  accident 
rate,  but,  apart  from  all  question  of  hea's^' 
compensation,  where  the  law  of  the  particular 
country  specifically  provides  for  it.  they 
recognize  how  much  work  can  be  seriously 
hampered  by  preventable  accidents.  The  best 
course  to  pursue  is  to  start  a  vigorous  "Safe- 
ty First"  campaign,  and  at  the  same  time  to 
maintain  a  careful  record  of  accidents  in  the 
factory. 

The  employer,  the  writer  has  found,  fre- 
quently objects  to  starting  a  sj'stem  of  record- 
keeping on  the  ground  of  expense.  Enough 
has  been  .said  to  show  that  any  money  spent 
in  this  direction  will  bring  a  high  return  in 
efficiency  and  consequently  in  output.  Fac- 
tory managers  in  England  who  have  adopted 
a  sound  system  of  record-keeping  readily  tes- 
tify to  the  truth  of  this  statement.  On  the 
other  hand  the  workers  may  object  to  what 
may  seem  at  first  sight  to  be  inquisitorial  en- 
quiries. It  ought  not  to  be  difficult,  however, 
for  a  sympathetic  manager  to  explain  to  his 
workers  that  the  new  system  is  really  de- 
signed for  their  benefit.  Furthermore,  llie 
many  difficulties  under  which  labour  often 
struggles  inarticulately  should  come  to  light 
if  the  records  are  utilized  carefully  and  syste- 
matically. At  present,  in  a  great  many  cases, 
practically  the  only  action  that  a  worker 
takes,  if  he  is  unable  to  adapt  himself  to 
factory  conditions,  is  to  leave  the  factory.  A 
study  of  the  reasons  of  leaving,  if  recorded, 
should  give  the  employer  some  insight  into 
features  found  unsatisfactory  by  the  workers, 
and  he  would  then  be  in  a  position  to  elimi- 
nate or  to  reduce  them. 

Regarding  the  form  in  which  the  records 
should  be  maintained,  the  writer  suggests 
that,  at  the  outset,  they  should  be  as  simple 
as  possible.  Later,  they  can  be  elaborated  if 
necessary.  The  forms  appended  to  this  article 
are  based  on  those  published  by  the  Indus- 
trial Fatigue  Research  Board  in  England  (5. 
Appendix  II).  They  have,  however,  been 
modified  and  simplified  in  such  a  way  as  to 
make  them  suitable  for  use  in  Indian  fac- 
tories. 

To  obtain  all  the  necessary  details  regard- 
ing engagement  and  dismissal,  a  simple  em- 
l)loyment  form  kept  on  a  card  (see  Form  1) 
is  all  that  is  required.  When  an  estimate  of 
'.he  labour  turn-over  has  to  be  made,  all  the 
relevant  facts  can  be  easily  extracted  from 
these  cards.  This  information  should  then  be 
summarized  in  tabular  form  (Form  2). 

Lo.st  time  may  be  compiled  for  each  indi- 
vidual, or.  if  this  involves  too  much  clerical 
labour,    departnu-ntal    returns    mnv    at    first 
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suffice.  In  any  case  the  form  kept,  •whether 
for  the  individual  or  the  department,  does 
not  differ  very  much  (see  Forms  3  and  4). 

For  purjwses  of  classification  of  cases  of 
sickness  the  medical  officer  will  find  it  neces- 
sary to  adopt  some  system.  One  that  was 
found  useful  by  the  IMinistry  of  ilunitions  is 
to  be  found  in  Report  No.  1?>  of  the  Industrial 
Fatigue  Research  Board  to  which  reference 
has  already  been  made,  and  also  at  the  foot 
of  the  sickness  table  (see  Form  5).  This, 
again,  may  be  kept  separately  for  each  indi- 
vidual or  may  be  maintained  departmentally 
(see  Form  6).  Its  utility  will  be  much 
greater  if  arrangements  can  be  made  for  a 
separate  card  to  be  kept  for  each  individual. 

With  regard  to  accidents,  experience  has 
shown  in  England  (7)  that  some  individuals 
are  more  liable  to  accidents  than  others  em- 
ployed on  exactly  the  same  work.    It  is,  there- 


fore, obviously  advantageous  to  keep,  if  pcs- 
sible,  individual  accident  records.  Similarly, 
some  departments  have  a  higher  accident 
rate  than  others.  The  individual  records 
should,  therefore,  be  summarized  department- 
ally  from  time  to  time  in  tabular  form.  In 
accordance  with  rules  framed  under  the 
Indian  Factories  Act  and  the  Indian  jMines 
Act,  managers  already  have  to  submit  acci- 
dent reports.  ]\Iuch  additional  labour  will 
not  therefore  be  involved.  The  writer  has  at- 
tempted to  give  a  model  form  which  will  be 
in  conformity  with  existing  regulations  (see 
Form  7). 

The  writer  will  be  very  glad  to  answer  any 
inquiries  from  interested  readers. 

It  will  also  be  very  helpful  if  firms  who 
already  have  experience  in  this  matter  will 
kindly  communicate  their  views  either  to  the 
writer  or  to  the  Editor  of  this  Journal. 
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on  tlie  Incidence  of  Industrial  Accidents  upon 
Individuals  with  Special  Reference  to  Multi- 
ple Accidents.  Indust.  Fatigue  Research  Board, 
Rep.  Xo.  -1.  London.  II,  M,  Stationery  Office, 
1919. 
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RECORD  FORMS 


FORM  1.— EMPLOYMENT   CARD* 


Sex  1  Caste 

1 
1 

District  of 
Domicile 

Wher  Circum. 
stances 

Address 

Names   of   near   relatives 
in  factor.v 

Age 

Date  of   En-  |  Depart-    Rate  of    Date  of    Reason 
gagement         ment         Pay        Leaving 


"This  form  is  most  conveniently  kept  in  the  shape  of  a 
folder :  all  the  other  records  relating  to  the  same  individual 
ean_  then  be  placed  in  it.  In  cases  where  men  return  after 
having  left,  some  factories  may  find  it  desirable  to  enter  the 
new  particulars  on  the  same  card.  This  can  be  done  if,  in 
printing,  sufficient  space  is  left  in  Uie  lower  portion  of  the  oard. 
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FORM   3.— EMPLOYEES'  ATTENDANCE  REGISTER* 
Name  of  facforij Month Year .  . 


Department :.  .Nos.  employed       Total  hours)  (a)   Ordinary .  .Total  hrs.)  (a)  Personal  reasons 
during  month.  .  .worked.  . .  .  )  (6)  Overtime .  .lost 1(6)  Sickness 


Nime 

!        1                1    1    1    1 
AgejSex  1    Caste     |1|2|3|   i 

II                 II    II 

5    61  7  |S 

1     1      1 

!       1     1     I     1          1 
9     10       111  12  |13|14|15|16  17|18 

1         1      1       1       1             1 

19  20 

21    22 

23 

i       1 
24   25    26| 

1 

27 

28 

29  30 

31 

Jan 
Muhammad 

29  1  M. 

II 
Muhdn  II F 

1) 

F 
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1      1     1 
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II    1 
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1        1 

1       1 
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II    1 

1 
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1         1 
1         1 

1    i    i 
1   1   1 

'       1 

:    1 

1       1 
1       1 

. 

FORM  4.— MONTHLY  RETURN   OF   TIME  LOST* 
Name  of  factory  Total  no.  of  employees 

Name  of  department  Total  no.  of  hoiirs  worked 


Year 


Januarj- 

Februar 

March 

April 

Ma.v 

June 

July 

August  . 

September 

October 

November 

Itecember 


Total  Number  of  Hours  Lost 


other  Reasons 


Total   Time 
Lost 


Total  Possible 
Time 


Percentage    of 
Time  Lost 


•This    is    summarized    from    the   departmental    returns. 


Name  of  factory 
Medical  record,  1922 


FORM  5.— DISPENSARY  RECORD* 


Name    of    Worker 


Jan   Muhammad 


Jan.   14,   1922 


Jan.     20,    1922 


Date  of  Return 
to  Duty 


Occupa- 
tion   and 
No.   of 
Room 


Cause  of 
Disability 


Whitlow  follow- 
ing injury  to 


Treatment 
Given 


•For  purposes  of  quick  tabulation  the  "Cause  of  Disability"  may  be  summarized  as  follows:  The  exact  diagnosis  should 
be  entered  under  the  appropriate  heading:  (1)  respiratory  tract;  (2)  digestive  tract:  (3)  circulatory  systeni ;  (4)  central 
nervous  system;  (5)  special  sense  orgaifs ;  (6)  locomotive  system;  (7)  skin;  (8)  intluenz;i  :  (9)  malaria  and  other  fevers; 
(10)   infectious  diseases;    (11)   various;    (12)  accident  and  septic  cases.    For  suggestions  for  filling  in  the  diagiiosis  see  Form  6. 
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FORM  7.— EMPLOYEE'S  ACCIDENT 
RECORD* 

1 .  Branch    of    de;iartment    in    which    accident 

occurred      

2.  Name  of  injured  person Check  No. . . 

Address 

(u)   Sex...    (6)   Age...    (c)   Caste  (a)   Occupation. 

3.  Date   and    hour   of   accident 

4.  Hour   at   which   employee    started   work   on 

day    of    accident 


5.     Cause    of    accident 

If  caused  by  machinery: 

(1)  Give  name  of  machine  and  part 

causiug    accident 

(2)  State   whether   it   was   moved   by 
mechanical    power    at   the    time 

0.     State  exactly'  wliat  injured  person  was 

doing    at    the    time 

7.  Describe  fully  nature  anl  extent  of  injuries 

(i.e.,   part    affected) 

8.  Su^estions   for   prevention    of   similar 

accidents    

9.  Witness's    name    No 

10.  Foreman      

11.  First  aid   by 


12.     Other    treatment    by 

•Heads   2,    3,    h,    7,    and    12    are    required    to   be   kept    im-ter 
Section   37    of    the   Indian    Factories    Act,    1911. 
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BOOKS  RECEIVED 

Books  refeiTf'fl  are  ackn jwledged  in  this  column,  ;uk1  suoli  acknowledgment  must  be  regarded 
as  a  sufficient  return  for  the  courtesy  of  the  sender.  Selections  will  be  made  for  review  in  the 
interests  of  our  readers  and  as  space  permits. 

The  Principles  and  Practice  of  Nxirsing.     By  with   table   of   contents,   illustrations,    cliarts   and 

Bertha  Harmei;  B.Se.  (Columbia  University),  R.  N.  index.    New  York:  The  Macmillaa  Company,  1922. 
Instructor  of  Theory  and  Associate  Instructor  of 

Practical    Nursing,    St.    Luke's    Hospital   Training  New  Growths  and  Cancer.    By  Simeon  B.  Wol- 

School  for  Nurses,  New  York:  Formerly  Instructor  haeh,    M.D.,    Shattuck    Professor    of    Pathological 

of  Theory   and   of  Practical   Nursing,    and    Super-  Anatomy   in   Harvard  T'nivereity.     Cloth.     Pp.   53 

vLsor    of    Nurses.    The    Toronto    General    Hospital  with  illustrations.   Cambridge :  Harvard  University 

Training     Sch<K)l     for     Nurses,     Toronto,     Canada.  Press,  1922. 
Clotli.     Pp.  6f)5  with  preface,  table  of  contents  and 

index.    New  York  :  The  Macmillan  Company,  1922.  X-Ray  Dosage  in  Treatment  and  R.u>iographt. 

By    William     Daniel    Withcrhcr.    M.D..    Rartiothera- 

Obstbttkical  Nursing.     By  Carolyn  Conant  Van  pist    I'resbyterian   Hospital,   New   York;    formerly 

Blarcom.  R^N.     Formerly  Assistant  Superintendent  Roentgenologist    Rockefeller    Institute;    and    John 

and    Instructor    In    Obstetrical    Nursing    and    the  Rcmcr.   M.D.,   Radiotherapist   New   York   Hospital, 

Care  of  Infants  and  Children  at  the  Johns  Hop-  New  York :  Consulting  Radiotherapist  United  Hos- 

kins  Hospital  Training  School  for  Nurses:  Author  pitnl.   Port   Chester.     Cloth.     Pp.  87   with  preface, 

of   "Tlie   Midwife   in    England."     Cloth.     Pp.   55S  New  York  :  The  Macmillan  Company,  1922. 


JOINT  MEETINGS  OF  INDUSTRIAL  HYGIENE  SECTION  OF  THE 

AMERICAN  PUBLIC  HEALTH  ASSOCIATION  AND  THE  OHIO 

ASSOCIATION  OF  INDUSTRIAL  PHYSICIANS 

CLEVELAND,   OHIO.  OCTOBER  17  AND  18,  1922 

Program 

Tucsdcnj,  October  17—9:30  A.  M. 
Hotel  Statler 

1.  Business  Meeting  of   Ohio  Association  of   Industrial  Physicians. 

2.  President's  Addres-.     Sydney   S.   McCurdy,  M.D. 

3.  Causes  of  Absenteeism  among  Stoke  Workers.     Charles  A.  Sivaii.  M.D..  Medical 
Director,  Halle  Brothers  Company,   Cleveland,   Ohio. 

Discussion    bj-   A.  B.   Emmons,   2d,   M.D.,    Executive    Secretary,    Harvard    ^Mercantile 
Health  Work,  Boston,  Jlass. 

4.  Computation  of  Partial  Loss  of  Vision  and  Hearing.     William  M.  Mchl.  M.D., 
Buffalo,  N.  Y. 

Discussion  l\y   Webb  P.  Chamberlain,  M.D..  Cleveland,  Ohio. 

5.  AIental  Hygiene  in  Industry.     Frederick    W.   Dershimer,  M.D.,   National   Lamp 
Works,   Cleveland,   Ohio. 

Discussion  by  A.  (f.  Crunch,  M.D.,  Medical  Director.  National  Carbon  Company,  Cleve- 
land, Ohio. 

6.  Heat  Hazards   in  Indu.stry'.     G.  H.   McKinstry,  M.D.,  Medical   Director,   Spang, 
Chalfant  &  Company,  Pittsburgh.  Pa. 

Discu.ssion  by  8.  H.  Johnsem,  M,D.,  Carnegie  Steel  Company.  Pittsburgh.  Pa. 
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Wechtesday,  October  18,  9:30  A.  M. 
Nela  Pari-,  Laboratory  of  Applied  Science,  Room  117 

1.  Business  Meeting  of  Industrial  Hygiene  Section,  American  Public  Health  Associa- 
tion. 

2.  The  Tuberculosis  Problem  ix  Industry.  (Stereopticon  illustration.)  Horace 
John  Hoivk.  M.D.,  Assistant  Medical  Director.  ^Metropolitan  Life  Insurance  Company; 
Physician  in  Chai'ge.  Metropolitan  Life  Insurance  Sanatorium,  Jit.  ^McGregor,  N.  Y. 

Discussion  by  H.  A.  Pattison,  M.D.,  Supervisor,  Jledical  Service,  National  Tuberculosis 
Association,  New  York  City ;  t/ames  J.- Bri^foJi.il/.Z).,  International  Harvester  Company,  Chi- 
cago, 111. ;  and  George  M.  Price,  M.D.,  Director,  The  Joint  Board  of  Sanitary  Control,  New 
York  City. 

3.  Industrlil  Dermatoses.  (Stereopticon  illustration.)  Harold  N.  Cole,  M.D.,  Asso- 
ciate Professor  of  Dennatology,  Western  Reserve  University.  Cleveland,  Ohio. 

Discussion  by  Charles  Baskin,  Akron,  Ohio. 

4.  He.vlth  Education  in  Industry.  (Stereopticon  and  motion  picture  illustration.) 
Ralph  W.  Elliott,  M.D.,  Manager,  Medical  Department,  National  Lamp  Works  of  General 
Electric  Company,  Cleveland,  Ohio. 


Wednesday  Afternoon — 2:X>  P.  M. 

1.  Lighting  and  Vision,  with  Special  Emphasis  on  School-Lighting  and  Home- 
Lighting.  (Followed  by  lighting  demonstrations.)  M.  Luckiesh,  Director  of  Applied 
Science,  Nela  Research  Laboratories. 

2.  Industrial  Lighting.  (Followed  by  demonstrations.)  Ward  Harrison.  Illuminat- 
ing Engineer,  National  Lamp  Works. 
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A  DISCUSSION  OF  THE  METHOD  OF  A.  D.  WALLER  FOK  COMPUTING 
ENERGY  OUTPUT,  AND  RESULTS  OF  EXPERIMENTS  DETERMIN- 
ING ENERGY  EXPENDITURE  DURING  SOME 
HOUSEHOLD  TASKS* 

S.  Gaibns  and  M.  K.  O'Bkien 

(From  the  Departments  of  Physiology  and  Food  Chemistry  of  the  University  of  Toronto) 


Discussion 

A  QUICK  method  of  measuring  the  en- 
ergy output  during  work  has  been 
suggested  by  A.  D.  Waller  (1),  in  which 
the  carbon  dioxide  expired  during  a 
short  period  of  work  is  measured  and  its 
caloric  equivalent  calculated  by  assum- 
ing a  constant  respiratory  quotient.  The 
present  investigation  was  undertaken 
partly  to  determine  how  far  Waller's 
method  is  permissible  for  approximate 
work,  and  partly  to  secure  data  on  the 
energy  expenditure  in  various  house- 
hold duties. 

Both  the  carbon  dioxide  output  and 
the  oxygen  intake  were  measured,  and 
from  these  values  the  respiratory  quo- 
tient was  calculated.  By  the  use  of 
Lusk's  table  the  calories  per  hour  per 
square  meter  of  body  surface  wer  •  com- 
puted from  the  caloric  equivalent  per 
liter  of  oxygen  corresponding  to  vhe  re- 
spiratory quotient  actually  determined. 

♦Received  for  publication  .Tuly  11.  1922. 


Waller  contends  that  by  the  use  of 
his  shorter  method  a  "fair"  estimate 
can  be  made  of  various  kinds  of  work 
not  directly  measurable  in  mechanical 
units.  He  contends  that  although  an 
error  of  —  5  per  cent,  is  involved,  Ms 
method  is  of  value  because  so  many 
more  determinations  can  be  made  in  less 
time  than  is  required  by  the  longer 
method,  that  the  final  results  obtained, 
when  taken  together,  are  as  accurate  as 
those  obtained  by  the  longer  method.  He 
collected  the  expired  air  in  rubber  bags 
of  20  to  30  liters'  capacity  for  periods  of 
one-half  to  one  minute,  the  bags  being 
fitted  with  suitable  tubing,  valves,  and 
three-way  taps.  Such  collections  of  air 
were  made  at  intervals  of  about  one  hour 
during  the  work.  In  order  to  sav"!  time 
no  mask  was  used,  but  the  subject 
breathed  by  mouth  into  the  tubing,  with 
a  clip  on  his  nose.  The  air  was  meas- 
ured by  a  Verdin  Spirometer,  and  the 
carbon  dioxide  estimated  at  once  hy 
potassium  hydroxide  absorption. 
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The  first  results  were  those  of  a  dock 
laborer  layiug  a  concrete  floor  (2). 
Hourly  determiuations  were  made  of  the 
carbon  dioxide  discharge  for  half  a  min- 
ute immediately  after  work  and  for  half 
a  minute  after  three  minutes'  rest.  From 
the  data  obtained  Waller  learned  that  an 
efficient  dock  laborer,  with  a  resting  car- 
bon dioxide  output  of  5  c.c.  per  second, 
did  hard  work  at  an  average  cost  rang- 
ing during  the  day  between  10  and  15  c.c. 
of  carbon  dioxide  per  second.  The 
values  determined  from  the  samples 
taken  after  three  minutes'  rest  were 
from  30  to  40  per  cent,  lower  than  those 
from  the  samples  taken  immediately 
after  the  work  ceased.  To  obtain  the 
carbon  dioxide  value  for  a  kno^vn 
amount  of  work,  the  subject  (83  kilos  in 
weight)  made  ten  ascents  of  a  20  meter 
staircase,  the  expired  air  being  collected 
for  the  last  10  meters  of  each  ascent. 
The  rate  of  doing  the  staircase  work  was 
21.6  kg.m.  per  second,  and  the  carbon 
dioxide  output  averaged  25.8  c.c.  per 
second.  As  the  carbon  dioxide  output  at 
rest  was  5  c.c.  per  second,  the  cost  of 
doing  21.6  kg.m.  of  staircase  work  was 
20.8  c.c.  of  carbon  dioxide — i.e.,  1  kg.m. 
costs  0.96  c.c.  of  carbon  dioxide.  The 
cost  of  dock  laboring  averaged  from  10 
to  15  c.c.  of  carbon  dioxide  per  second, 
so  that  the  mechanical  value  of  the  work 
was  at  the  rate  of  10.4  to  15.6  kg.m.  per 
second. 


10  c.c.  per  second 
0.96  c.c.  COj  per  kg.m. 


=  10.4  k(r.ni.  per  second. 


Comparisons  vrere  also  made  of  the 
cost  of  piece-work  with  that  of  time- 
work,  by  means  of  the  carbon  dioxide 
output  in  dock  laborers  (3).  Averaging 
the  last  three  hours  of  two  complete  days 
of  each  type  of  work,  and  allowing  4  c.c. 
per  second  for  carbon  dioxide  output  at 
rest,  tlie  cost  of  piece-work  was  found  to 


be  20.2  c.c.  of  carbon  dioxide  per  second 
and  the  cost  of  time-work  13.4  c.c.  of 
carbon  dioxide  per  second.  Assuming 
a  respiratory  quotient  of  0.84,  for  which 
the  caloric  equivalent  of  1  c.c.  of  carbon 
dioxide=5.91  calories,  these  amounts 
represent  430  calories  per  hour  for  piece- 
work, and  284  calories  per  hour  for  time- 
work. 

It  may  be  well  to  mention  here  that 
"Waller  did  not  obtain  the  carbon  dioxide 
value  at  rest  by  an  actual  experiment, 
but  by  allowing  1  c.c.  of  carljon  dioxide 
for  every  20  kg.  of  body-weight.  In  these 
experiments  the  samples  were  not  col- 
lected during  the  working  period,  but 
for  half  a  minute  immediately  after  the 
work.  To  justify  this  procedure  Waller 
determined  the  carbon  dioxide  discharge 
at  regailar  half -minute  intervals  during 
and  after  a  short  piece  of  staircase  work 
(1410  kg.m.  in  fifty-two  seconds)  (4). 
At  the  end  of  the  first  10  meters  the  car- 
bon dioxide  discharge  was  28.2  c.c.  per 
second;  at  the  end  of  the  second  10 
meters,  33.3  c.c.  per  second;  and  at  the 
end  of  the  first  one-half  minute  of  rest, 
36.7  c.c.  per  second.  Tlie  carbon  dioxide 
value  then  fell,  reaching  the  normal  level 
in  about  ten  minutes.  From  this  result 
he  concluded  that  since  the  maximum 
carbon  dioxide  dischai'ge  occurred  dur- 
ing the  first  half-minute  of  repose,  he 
was  justified  in  taking  his  samples  im- 
mediately after  the  work  ceased. 

Another  experiment  was  made  "to  de- 
termine the  physiological  cost  of  march- 
ing measured  by  COo"  (5).  The  me- 
chanical efficiency  of  the  subjects  was  es- 
timated as  before  by  staircase  work. 
The  marching  was  performed  at  differ- 
ent rates  and,  as  was  to  be  expected, 
the  carbon  dioxide  output  per  second 
increased  as  the  rate  increased.  AVhen 
the  subject  was  marching  at  the  rate  of 
4  miles  per  hour  tlie  carbon  dioxide  dis- 
charge per  second  was  17.0  c.c;  when  he 
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was  mavcliing  at  the  rate  of  7  to  8  miles 
per  hour  it  was  51.8  c.c.  From  this  and 
other  experiments  Waller  found  that  the 
cost  of  horizontal  walking  was  0.1  c.c.  of 
carbon  dioxide  per  kilogram  of  body- 
weight  per  horizontal  meter,  as  repre- 
sented by  the  following  equation : 


kg.m. 


Observations  were  also  made  with  the 
ergometer  but  these  will  not  be  consid- 
ered here.  The  efficiency  of  staircase 
work  was  found  to  be  about  double  that 
of  bicycle  work  when  the  rate  of  the 
former  was  twice  that  of  the  latter.  The 
observations  on  tailors  (6)  and  printers 
(7)  doing  various  types  of  work  are  par- 
ticularly interesting. 

Experimental  Work 

Apparatus  Used. — A  Douglas  bag  was 
used  to  collect  the  expired  air  and  it 
was  shoA\Ti  that  there  was  no  diffusion  of 
carbon  dioxide  through  the  bag  within 
one  and  a  half  to  two  hours.  The  bag 
was  connected  by  rubber  tubing  to  a  face 
mask  (8,  p.  590)  (9),  which  was  fitted 
Avith  Douglas  (mica)  valves.  The  mask 
was  tested  for  leaks  before  each  experi- 
ment. A  specially  calibrated  Newcomer 
meter  (10)  was  used  to  measure  the  vol- 
ume of  air  collected.  The  expired  air 
was  analyzed  in  a  Haldane  gas  analysis 
apparatus. 

Rest  Experiments  ■ 

In  order  to  obtain  the  increase  in  en- 
ergj'  output  due  to  work  alone,  it  was 
necessary  to  establish  a  base-hne  which 
was  determined  for  each  subject  by  a 
rest  experiment  before  each  work  exper- 
iment. 

The  subjects  were  allowed  to  rest  for 
ten  or  fifteen  minutes  in  the  laboratory 
before  the  mask  was  adjusted,  and  then 


for  some  time  the  expired  air  was  caused 
to  pass  out  to  the  atmosphere  through 
the  three-way  tap.  After  equilibrium  of 
resijiration  had  been  established,  the 
three-way  tap  was  turned  so  that  the 
expired  air  entered  the  bag.  The  siib- 
ject  breathed  quietly  for  five  or  ten  min- 
utes, then  the  tap  was  turned  off,  and  the 
bag  disconnected  from  the  mask.  The 
gas  in  the  bag  was  thoroughly  mixed 
so  that  all  parts  would  be  well  washed 
out  with  the  expired  air,  and  this  sample 
was  then  discarded.  After  the  bag  had 
been  thoroughly  emptied,  it  was  recon- 
nected and  the  subject  breathed  into  it 
for  ten  or  fifteen  minutes.  The  gas  was 
then  well  mixed  and  about  one-half  of 
it  was  passed  through  the  meter.  The 
temperature  of  the  expired  air  was 
registered  by  a  thermometer  fitted  into 
the  inlet  tube  of  the  meter. 

Before  a  sample  was  taken  for  anal- 
ysis the  bag  was  again  thoroughly 
taieaded.  Samples  were  transferred  to 
the  gas  analysis  apparatus  by  a  30  c.c. 
syringe,  with  the  usual  precautions  to 
avoid  errors  due  to  dead  space.  All  anal- 
yses were  made  in  duplicate. 

The  respiratory  quotient  Avas  deter- 
mined from  the  values  found  for  carbon 
dioxide  and  oxygen.  Lusk's  table  (8,  p. 
598)  (11,  p.  75)  for  the  caloric  equiva- 
lent of  oxygen  at  varying  respiratory 
quotients  was  used  to  compute  the  total 
calories,  and  from  this  value  the  calories 
per  hour  per  square  meter  of  body  sur- 
face were  deduced. 

Experiments  to  Chech  Waller's  Work 

Period  of  Collection  of  Sample. — In 
order  to  shorten  the  time  required  to 
determine  the  energy  output.  Waller  col- 
lected the  samples  of  expired  air  during 
periods'  of  one-half  minute.  In  order  to 
determine  what  error  this  method  might 
involve,  we  collected  the  expired  air  dur- 
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iiig  (1)  one-minute  periods  and  (2)  tive- 
minute  periods.  A  comparison  of  the 
carbon  dioxide  output  per  second  and 
the  oxygen  output  per  second,  and  the 
respiratory  quotients  for  both  periods 
are  shown  in  Table  1.  The  one-minute 
samples  were  collected  immediately 
after  the  five-minute  samples  except  in 
the  last  three  experiments  of  Table  1, 
and  in  these  the  five-minute  samples 
were  taken  after  the  one-minute  samples. 


was  collected  as  soon  as  work  began,  and 
compared  the  results  with  samples  col- 
lected (a)  during  a  later  period  of  work, 
and  {&)  during  a  period  of  rest  preced- 
ing the  work. 

In  Table  2  the  first  two  experiments 
show  less  carbon  dioxide,  oxygen  and 
calories  per  minute,  also  a  lower  respir- 
atory quotient  for  the  first  minute  of 
work  than  for  a  later  period  of  work. 
In  the  third  experiment  the  results  are 


TABLE  1.— COMPAKISON  OF  CAKBOX  DIOXIDE  AND  OXYGEN  OUTPUTS  PER  SECONT) 
DURING  ONE-MINUTE  AND  FIVE-MINUTE  PERIODS,  AND  RESPIRATORY  QUOTIENTS 
FOR  BOTH   PERIODS 


One-Minute  Samples 

Five-Minute  Samples 

OO2  per  Sec. 

0,  per  Sec. 

R.Q. 

Condition 

COj  per  Sec. 

0,  per  Sec. 

R.Q. 

3.80 

4.30 

0.903 

Rest 

3.09 

3.54 

0.874 

3.02 

3.51 

0.860 

3.91 

3.56 

0.876 

2.97 

3.06 

0.970 

" 

3.36 

3.68 

0.913 

8.43 

9.28 

0.908 

Floor-polishing 

9.53 

10.34 

0.915 

3.27 

3.69 

0.S8.8 

Macliine 

4.02 

4.55 

0.SS3 

6.73 

7.35 

0.915 

" 

6.00 

6.76 

0.S87 

6.11 

7.33 

0.830 

5.42 

6.53 

0.S31 

5.58 

5.93 

0.940 

3.82 

4.26 

0.863 

4.16 

4.94 

0.842 

" 

4.02 

4.05 

0.888 

4.05 

5.46 

0.742 

Floor-polishing 

14.21 

14.70 

0.957 

5.02 

7.54 

0.745 

" 

10.19 

11.26 

0.905 

The  results  show  a  marked  variation 
in  the  two  jjeriods.  In  some  experiments 
the  amounts  of  carbon  dioxide  and 
oxygen  are  greater  in  the  one-minute 
samples;  in  others  they  are  greater 
in  the  five-minute  samples.  The  vari- 
ations are  much  too  marked  to  say 
that  the  sample  of  the  shorter  period 
is  representative  of  the  composition  of 
the  expired  air.  Undoubtedly  Waller's 
method  would  be  still  less  reliable  be- 
cause in  a  half -minute  period  the  error 
caused  by  turning  the  tap  of  the  bag  at 
different  phases  of  respiration  would  be 
greater  than  in  a  one-minute  period. 
Waller's  shortened  method  sacrifices  too 
much  accuracy  for  the  sake  of  speed,  and 
this  sacrifice  we  feel  is  not  justifiable. 

Samples  at  Beginning  of  Work. — In  a 
number  of  his  experiments  Waller  col- 
lected the  half-minute  sample  as  soon 
as  work  began.  We  performed  a  few 
experiments   in  which  the  expired   air 


much  closer  for  the  two  periods.  All 
experiments  show  a  lower  respiratory 
quotient  during  the  first  minute  of  work 
than  during  the  period  of  rest.  In  a 
similar  series  of  experiments  Orr  and 
Kinloch  (12)  obtained  the  same  result. 

Samples  after  Work. — In  other  ex- 
periments Waller  collected  the  samples 
as  soon  as  the  work  ceased.  In  the  ex- 
periment with  the  dock  laborer  he  found 
that  the  carbon  dioxide  output  fell  30  to 
40  per  cent,  during  the  first  three  min- 
utes after  the  work  ceased.  This  result 
led  us  to  believe  that  the  fall  in  carlKni 
dioxide  output  began  irflmediately  after 
the  work  was  finished.  In  a  few  of  our 
experiments  in  which  the  expired  air 
was  collected  during  one  minute,  three 
minutes  after  the  work  ceased  we  ob- 
tained results  agreeing  Avith  those  of 
Waller.  The  fall  in  carbon  dioxide  output 
in  our  experiments  varied  from  24  to  .'?(> 
per  cent,  (see  Table  3).  In  other  experi- 
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liients  we  collected  the  expired  air  dur- 
ing the  first  minute  after  work  ceased. 
The  results  (see  Table  4)  confirmed  our 
belief  that  a  fall  in  carbon  dioxide  out- 
put occurs  immediately  on  the  cessation 
of  work. 

From  the  results  given  in  Tables  2, 
3,  and  4,  it  is  evident  that  Waller's 
method  of  collecting  the  sample  at  the 
beginning  of  work,  or  immediately  after 
the  work  ceased,  is  quite  inaccurate. 


before  (1)  from  oxygen  at  varying  res- 
piratory quotients,  and  (2)  from  car- 
bon dioxide  at  a  constant  respiratory 
quotient.  It  will  be  seen  from  Table  6 
that  the  variation  in  the  caloric  output 
for  the  two  days  is  always  greater  when 
the  results  are  computed  according  to 
Waller's  method.  This  table  shows  that 
in  these  experiments  the  method  of  cal- 
culating from  oxygen  is  10  to  11  per  cent, 
more  accurate  than  Waller's  method. 


TABLE  2.— COMPARISON  OF  SAMPLES  OF  EXPIRED  AIR  COLLECTED  DURING  REST 
PRECEDING  WORK,  AT  BEGINNING  OF  WORK.  AND  DURING  A  LATER  PERIOD  OF 
WORK 


Experiment 

Period 

COj  per   .Aliu. 

O,  i>er  Miu. 

1 

Rest 

194.46 

228.08 

1st  miu.  of  work 

243.23 

327.53 

3-8  miu.  of  work 

851.47 

882.92 

2 

Rest 

175.47 

215.20 

1st  miu.  of  work 

337.43 

452.91 

3-8  miu.  of  work 

611.56 

675.54 

3 

Rest 

212.17 

226.00 

1st  miu.  of  work 

249.S7 

296.43 

lG-26  miu.  of  work 

241.21 

273.16 

1st  miu.  afrrr  worlc 

196.54 

221.34 

R.  Q. 
0.852 
0.742 
0.957 

0.815 
0.745 
0.905 

0.938 
0.842 
0.8«3 

0.8.S8 


Cal.  per  Miu. 
1.11 
1.55 
4.40 

1.034 
2.141 
3.333 

1.12 
1.43 
1.34 

1.08 


Assumed  Respiratory  Quotient  vs.  De- 
termined Respiratory  Quotient.  —  The 
respiratory  quotient  in  our  experiments 
varied  from  0.78  to  1.04,  so  that  consider- 
able error  would  be  involved  by  assum- 
ing, as  Waller  did,  a  respiratory  quo- 
tient of  0.85  for  all  observations.  Table  5 
gives  the  results  of  our  experiments  in 
which  the  calories  per  square  meter  of 
body  surface  are  computed  (1)  from 
oxygen  at  varying  respiratory  quotients, 
and  (2)  from  carbon  dioxide  at  a  con- 
stant respiratory  quotient  of  0.85.  Com- 
paring the  results  in  Table  5,  it  will  be 
noticed  that  the  variation  in  the  last  two 
columns  is  least  when  the  respiratory 
quotient  actually  determined  is  closest  to 
the  respiratory  quotient  of  0.85  assumed 
by  Waller.  The  variation  in  the  two 
methods  is  even  more  evident  in  a  short 
series  of  experiments  in  which  the  same 
subject  did  the  same  piece  of  work  on 
two  days.     The  results  are  computed  as 


TABLE  3.— FALL  IN  CARBON  DIOXIDE   OUT- 
PUT THREE  MINUTES  AFTER  WORK 

Per  Cent.  Per  Cent.  Per  Cent. 

CO;  COj  3  Miu.  Fall 

Work  during  Work  after  Work         in  COj 

Staircase  4.25  3.10  27.15 

Macliiuing  2.90  1.85  36.20 

Ergometer  3.95  3.00  24.05 


TABLE  4.— FALL  IN  CARBON  DIOXIDE  OUT- 
PUT  IMMEDIATELY   AFTER   WORK 


Work 
Staircase 
Machiuing 
Floor-polishiug 


Per  Cent.       Per  Cent. 

COj  CO, 

during  Work  after  Work 

4.35  3.80 

3.50  3.05 


3.70 


3.40 


Per  Cent. 
Fall 
iuCOj 
12.60 
12.80 
8.11 


Efficiency  Experiments 

In  order  to  determine  the  efiSciency  of 
a  subject  it  is  necessary  that  a  known 
amount  of  work  should  be  done.  For 
this  purpose  two  types  of  experiments 
were  performed :  (1)  staircase,  and  (2) 
ereometer. 
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Staircase  Experime)its. — As  far  as 
possible  Waller's  method  was  followed 
{i.e.,  collecting  the  sample  of  expired  air 
during-  the  last  half  of  each  asceut,  and 
calculating  the  efficiency  from  carbon 
dioxide).  A  metronome  was  used  to 
keep  the  rate  of  walking  constant.  The 
work  done  was  five  ascents  of  a  10-meter 
staircase,  but  the  tap  was  turned  to  the 
bag  only  during  the  last  half  of  each 
asceut — i.e.,  the  sample  was  collected 
during  five  ascents  of  5  meters.  The  cal- 
oric value  of  the  work  done  was  deter- 
mined by  using  the  value,  1  calorie=4r25 
kg.m.  The  cost  of  work  in  calories  was 
obtained  by  subtracting  from  the  caloric 
expenditure  during  work  the  caloric  ex- 
penditure during  rest  for  the  same 
period.    The  ratio 

work 

X  100  —  %  efficiency. 

cost 

Ergometer  Experiments. — A  bicycle 
ergometer  (13)  was  used,  the  work  done 
being  measured  by  the  number  of  revolu- 
tions of  the  wheel  per  minute  X  the  cir- 
cumference of  the  wheel  X  frietional 
pull.  The  subjects  used  different  rates, 
but  the  rate  for  each  experiment  was 
kept  constant  during  the  preliminary 
period  of  three  minutes,  and  during  the 
experimental  period  of  five  minutes. 

Table  7  gives  a  comparison  of  our  er- 
gometer and  staircase  experiments.  The 
calculations  were  made  according  to 
AValler's  method — i.e., 

work  kg.m.  per  .second 


cost  net  COj  per  second 

The  results  agree  with  his.  Results 
(1),  (2),  and  (3)  in  the  ergometer  table 
represent  the  work  done  at  three  rates — 
60,  84,  and  104  steps  per  minute,  respec- 
tively.    They  show  that  as  the  rate  of 

work  . 
work   increases   the   i-atio  --  -  increases 


— I.e.,  efficiency  increases.  Comparing 
(4)  in  the  ergometer  table  with  (1)  in  the 
staircase  table,  it  is  seen  that  work  done 
on  the  staircase  at  twice  the  rate  of  the 
work  done  on  the  ergometer  (10.04  kg.m. 
per  second  vs.  5.5  kg.m.  per  second), 

work 

gives  a  higher  ratio;  (5)  and  (6)  in 

cost 

the  ergometer  table  compared  with  (2) 
in  the  staircase  table  show  the  same  re- 
sult. If  (7)  in  the  ergometer  table  is 
compared  with  (1)  in  the  staircase  table, 
it  is  seen  that  when  the  rate  of  work  on 
the  staircase  and  on  the  ergometer  is  the 
same,  the  efficiency  in  doing  staircase 
work  is  again  higher. 

Table  8  gives  omy  results  for  staircase 
and  ergometer  experiments  computed  by 
Benedict's  method.'  The  experiments 
are  in  the  same  order  as  in  Talile  7. 
Table  8  includes  two  additional  experi- 
ments in  both  types  of  work.  From  ( 1 ) , 
(2),  and  (3)  it  is  seen  that  the  efficiency 
increases  as  the  rate  of  work  on  the 
ergometer  increases    (this   is   shown  in 


column 


X  100).       Comparing     the 


ergometer  table  with  the  staircase  table, 
it  is  seen  that  when  the  caloric  value 
of  the  work  done  is  approximately 
equal  for  both  kinds  of  work,  the 
efficiency  in  doing  the  latter  is  always 
greater  than  the  efficiency  in  doing 
the  former.  If  (4)  in  the  ergometer 
table  is  compared  Avith  (2)  in  the  stair- 

'Benedict's  method  (11,  p.  11-)  of  conipmini;  the 
net  efficiency  of  a  snbjeet  is  as  follows : 

Heat  eqnivalent  of  luuscul.'ir  work 
done 


Net  efficiency 


Increase  in  cnerjiy  dno  to  work 


=  X  100 

b— <• 

a  =  heat  ecpiivalent  of  work  done  (1  calorie  =  42.T 

kiloRranimeter.s). 
b  =  total  caloric  output  for  period  of  work, 
c  =  restinj;    r(M|nircniciil     in    calories     for     similar 

jM^riod. 
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TABLE  5.— RESULTS  OP  EXPEKIMENTS  IN  WHICH  CALORIC  OUTPUT  WAS  COMPUTED 
FROM  OXYGEN  AT  VARYING  RESPIRATORY  QUOTIENTS,  AND  FROM  CARBON  DI- 
OXIDE AT  A  CONSTANT  RESPIRATORY  QUOTIENT 


Work 
Bread-inakius 


Net'OO, 
per  Sec. 
2.37 
3.65 
1.90 
4.07 
3.48 
1.95 
1.41 


NetO^ 
per  Sec. 
1.17 
3.48 
2.56 
4.80 
3.77 
2.11 
1.53 


R.Q. 
l.UOO 
1.040 
0.836 
0.896 
0.918 
0.S75 
0.940 


Cal.  per  Hr. 
per  Sq.  M. 
from  U, 
14.44 
42.42 
27.09 
56.38 
49.60 
23.23 
16.24 


Cal.  per  Hr. 

per  Sq.  M. 

from  COi 

(R.Q.  0..S5) 

33.30 

55.07 

24.29 

57.25 

54.39 

27.43 

17.71 


Machiiiiug 


Floor-iK)lishing 


3.71 
2.95 
0.48 
2.06 
0.32 
1.00 

1.08 
6.44 
1.66 
10.95 
7.26 
5.73 


1.05 
2.76 
0.7S 
2.^ 
0.40 
1.2S 

1.48 
0.80 
2.14 
10.91 
7.67 
6.19 


0.807 
1.020 
0.883 
0.831 
0.895 
0.863 

0.882 
0.915 
0.,869 
0.957 
0.905 
0.910 


10.94 
35.66 

8.68 
30.19 

4.64 
13.45 

16.29 
76.57 
26.22 
123.27 
85.99 
(>S.90 


9.36 
44.40 

6.80 
27.17 

4.51 
12.57 

14.24 
84.92 
25.02 
144.40 
95.74 
75.56 


TABLE  6.— VARIATION  IX  CALORIC  0I:TPUT  DIRING  TWO  DAYS'  WORK  COMPUTED 
FROM  OXYGEN  AT  VARYING  RESPIRATORY  QUOTIENTS,  AND  FROM  CARBON  DIOX- 
IDE AT  A  CONSTANT   RESPIRATORY   QUOTIENT 


Cal.  per 

Hr. 

per  Sq.  M. 

2  Day.s'  Work 

per  Sq. 

M. 

from  COj 

O, 

Method  COjMet 

Work 

CO.  per  Sec. 

Oj  per 

Sec. 

R.Q. 

from  O; 

(R.Q.  0.85) 

%                  % 

Machining 

2.45 

2.85 

0.SS7 

31.72 

32.31 

5.0               16.0 

2.06 

2.S4 

0.837 

30.19 

27.17 

Walking 

0.53 

S.2S 

0.835 

90.43 

86.11 

6.4               16.5 

7.61 

S.79 

0.876 

96.24 

100.35 

Floor-polishing 

7.03 

8.51 

0.825 

92.43 

92.71 

25.0               30.0 

10.95 

10.91 

0.957 

123.27 

144.40 

TABLE   7.— COMPARISON  OF  RESI'LTS   OF   ERGOMETER  AND  STAIRCASE  EXPERIMENTS 

COMPUTED  BY  WALLER'S   METHOD 

Ergometer  Staircase 

K^'.M.  Kg.M. 


Kg.M.  .per  Sec. 

Net  CO.  iier  Sec. 

CO, 

Kg.M.  per  Sec. 

Net  CO,  pe 

(1)       9.90 

13.li6 

0.724 

(2)     13.86 

13.21 

1.040 

(31      17.16 

11.80 

1.450 

(4)       5.54 

11.59 

0.478 

(1)      10.04 

8.85 

(5)       6.60 

12.23 

0.543 

(2)     13.90 

12.64 

(6)       6.60 

11.47 

0.575 

(3l      19.06 

17.13 

(7)     10.56 

12.91 

0.817 

CO, 


1.13 
1.09 
1.11 


TABLE  8.— COMPARISON  OF  RESULTS  OF  ERGOMETER    AND    STAIRCASE    EXPERIMENTS 
COMPUTED  BY  BENEDICT'S  METHOD 


X   100 


Ergometer 

a 
X   100 

a 

b 

c 

b— c 

(1) 

4.19 

18.12 

3.51 

28.67 

(2) 

5.87 

16.00 

3.24 

46.00 

(3) 

7.26 

13.48 

3.57 

72.25 

(4) 

1.56 

9.34 

2.06 

21.42 

(1) 

(5) 

4.66 

24.63 

4.76 

23.45 

(2) 

(6) 

4.66 

23.64 

6.18 

26.69 

(3) 

(7) 

4.47 

14.23 

3.09 

40.12 

(4) 

(8) 

4.80 

13.26 

3.09 

47.19 

(5) 

(9) 

2.60 

14.90 

2.06 

20.23 

1.06 

2.82 

0.92 

55.79 

2.94 

5.66 

1.86 

77.37 

4.03 

7.10 

1.92 

77.79 

4.03 

8.35 

2.47 

68.53 

1.27 

2.78 

0.54 

56.69 
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case  table,  it  is  seen  that  tlie  efficiency 
in  performing  staircase  work  is  also 
higher  even  when  the  caloric  value  of 
the  work  done  is  approximately  twice 
that  of  the  work  done  on  the  ergometer. 
These  results  agree  with  those  obtained 
bv    Waller's    method,    but    Benedict's 


TABLE  9. —  RESULTS  FOR  HORIZONTAL 
WALKING  EXPERIMENT  COMPUTED  BY 
WALLERS  METiiOD 

CO, 


(1) 
(2) 
(3) 
(4) 
(5) 


Kg.M.  per  Sec. 
64.81 
82.69 
83.35 
67.54 
GT.53 


Net  COj  per  Sec. 
6.95 
7.61 
6.53 
6.90 
6.06 


By'  comparing  the  last  column  in 
Tables  9  and  10  it  is  seen  that  the  cost 
of  horizontal  walking,  either  in  cubic 
centimeters  of  carbon  dioxide  per  kilo- 
grammeter,  or  in  gram  calories  per 
kilogrammeter,    does    not    agree    with 

Waller's  conclusion  that  the  ratio 

work 

is  a  constant  (0.1).  In  both  tables  num- 
bers (2)  and  (3),  and  (-t)  and  (5)  are, 
respectively,  the  results  of  a  subject 
doing  the  same  amount  of  work  at  ap- 
proximately the  same  rate.  It  wiU  be 
seen  that  the  cost  of  work  is  not  con- 


TABLE  10.— RESULTS  FOR  HORIZONTAL  WALKING   EXPERIMENT   COMPUTED   BY   BENE- 
DICTS METHOD 


Heat  Output 

Increase  over  Sitting 

Body-Wt. 

Distance 

Horizontal 

Total  Cal. 

Total  Cal. 

Per  Kg.M. 

(Clothed -(-Bag) 

per  Min. 

Ki^.M.  per  Min. 

,Ijer  Min. 

per  Min. 

in  Gm.=Cal 

( 1  )                 .50.00 

77.77 

3SSS.8S 

3.31 

2.43 

0.625 

(2)                 (-4.30 

77.14 

4960.20 

3.73 

2.56 

0.516 

(3)                 64.30 

77.77 

5001.11 

3.55 

2.41 

0.481 

(4)                 46.31 

87.50 

4052.12 

3.59 

2.4S 

0.612 

(5)                 46.31 

87.50 

4052.12 

2.32 

2.18 

0.537 

method  is  considered  much  more  accu- 
rate since  it  involves  the  use  of  the  de- 
termined caloric  output  and  not  merely 
the  use  of  the  carbon  dioxide  determina- 
tion. 

Horizontal  Walking  Experiments. — 
The  subjects  walked  a  distance  of  700 
meters  at  a  uniform  rate.  In  order  to 
check  Waller's  method  the  work  done 
was  calculated  by  the  distance  in  me- 
ters X  the  body-weight  in  kilos.  It  was 
also  determined  by  measuring  tlie  total 
caloric  output,  as  recommended  by 
Benedict  (14). 

In  Table  9  our  results  for  Die  hori- 
zontal wallcing  experiment  have  been 
computed  by  Waller's  method.  In 
Table  10  the  results  have  been  compiilod 
by  Benedict's  method  without  taking 
into  account,  however,  the  energy  ex- 
penditure due  to  the  lifting  of  the  body- 
weight  at  each  step. 


stant  even  for  the  same  individual,  and 
that  Waller  was  not  correct  in  claiming 
that  there  is  an  increase  of  0.1  c.c.  of 
carbon  dioxide  per  kilogram  per  hori- 
zontal meter. 

Energy  Expenditure  during  Some 
Household  Tasks. — The  household  tasks 
which  were  performed  to  obtain  data 
were  bread  maldng,  machining,  and 
floor-polishing.  The  results  of  the  en- 
ergy expenditure  during  these  tasks  are 
of  interest. 

In  the  bread-making  experiments  the 
cost  in  calories  per  hour  per  square 
meter  varied  from  14.44  to  56.38  calo- 
ries. The  average  cost  for  eight  experi- 
ments was  33.53  calories,  with  an  av-er- 
age  variation  of  -13.52  calories.  Every 
experiment  was  done  by  a  different 
subject. 

The  rate  of  machining  varied  from 
52  treads  per  minute  to  124  per  minute, 
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and  the  energy  expenditure  varied  ac- 
cordingly, being  4.64  calories  when  the 
rate  was  52  treads,  and  30.95  calories 
when  the  rate  Avas  124.  In  ten  experi- 
ments the  cost  per  hour  per  square 
meter  averaged  16.05  calories,  and  the 
average  variation  was  —9.72  calories. 

The  floor-polishing  experiments  were 
done  at  rates  which  varied  from  30  to 
75  strokes  per  minute.  The  cost  per 
hour  per  square  meter  at  the  rate  of 
30  strokes  was  11.98  calories,  and  at  the 
rate  of  75,  68.9  caloi'ies.  The  length  of 
the  stroke  for  the  experiments  at  the 
rate  of  50  strokes  was  double  that  used 
in  all  other  experiments,  and  as  a  result 
the  cost  at  that  rate  was  even  higher 
than  at  the  faster  rates.  Averaging  all 
the  experiments  (eleven),  the  cost  in 
calories  per  hour  per  square  meter  was 
48.86  calories,  the  average  variation 
being  25.06  calories. 

Conclusion 

From  these  results  it  seems  fair  to 


conclude  that  Waller's  method  of  com- 
puting the  energy  output  from  the  car- 
l)on  dioxide  expired  would  be  useful  in 
saving  time,  but  it  does  not  give  accu- 
rate results,  and  is  therefore  unsatis- 
factory. The  short  periods  which  he 
used  for  collecting  the  samples  of  the 
expired  air,  and  the  method  of  collect- 
ing the  samples  at  the  beginning  of  the 
work  and  after  the  work  was  finished, 
all  involved  serious  error.  It  is  also 
evident  from  our  results  that  it  is  essen- 
tial actually  to  determine  the  respira- 
tory quotient  in  all  experiments,  and  to 
compute  the  energy  output  by  means 
of  the  caloric  equivalent  of  oxygen  for 
the  quotient  obtained. 

Waller's  method  of  ascertaining  the 
efficiency  of  the  subject  is  also  consid- 
ered inacciarate  because  it  is  not  based 
on  the  caloric  output. 

In  conclusion,  we  feel  that  Waller's 
short  method  of  computing  the  energy 
output  is  of  little  value,  since  it  disre- 
gards so  many  factors  essential  for 
accurate  determinations. 
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THE  USE  OF  THE  SPOT  MAP  IN  TPIE  INDUSTRIAL  DISPENSARY* 


William   Hall  Bunk,  M.D. 

Yoiingstown  Ma:iUi   Laiiii)  Dirision.  National   Lamp  Worka  of  the  (Icneral  Electric  Compuny 


FOR  several  years  epidemiologists 
and  sanitary  engineers  have  used 
sijot  maps  to  help  them  analyze  the 
health  conditions  in  given  communities. 
During  the  Salem,  Ohio,  typhoid  epi- 
demic of  882  cases,'  the  state  epidemi- 
ologists had  a  map  of  the  entire  city  pre- 
pared, showing  the  location  of  every 
house  in  the  city.  Whenever  a  case 
of  typhoid  developed,  a  colored  tack 
was  jDlaced  in  the  proper  space  on 
the  map.  Differently  colored  tacks 
were  used  to  represent  different  weeks, 
so  that  not  only  the  actual  number  and 
distribution  of  cases  could  be  seen  at  a 
glance,  but  also  the  matter  of  contact  in- 
fection could  be  easily  checked. 

We  have  borrowed  this  idea  and  have 
used  it  to  aid  us  in  keeping  a  daily  check 
upon  the  health  conditions  in  our  plant. 
By  means  of  the  spot  map  a  picture  is 
constructed  which  enables  one  to  visual- 
ize, almost  at  a  glance,  a  situation  which 
pages  of  written  reports  fail  to  make 
clear.  This  procedure  has  been  of  such 
value  that  we  offer  it  for  publication  in 
the  hope  that  others  may  benefit  by  it. 
It  is,  in  fact,  quite  simple;  all  that  is 
necessary  is  a  floor  plan  of  the  factory 
showing  the  location  of  each  operator 
and  a  set  of  six  or  eight  differently  col- 
ored tacks. 

Modus  Operandi 

If  an  operator  comes  to  the  dispen- 
sary and  is  found  to  be  suffering  from 

*Receivecl  for  publication  June  14,  1922. 
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tonsillitis,  a  red  tack  is  at  once  placed 
upon  the  map  in  a  position  correspond- 
ing with  her  location  in  the  factory.  If 
her  case  is  severe,  the  operators  working 
near  her  are  given  a  gargle.  Meantime 
the  map  is  watched  closely  to  see 
whether  other  cases  of  tonsillitis  develop 
in  the  same  department. 

A  blue  tack  is  used  to  denote  a  case  of 
coryza,  or  nose  cold;  a  green  tack  indi- 
cates bronchitis,  a  yellow  one,  contagious 
skin  lesions  such  as  scabies  and  im- 
petigo ;  a  brown  and  white  plaid  one,  in- 
fluenza or  grip  ;  and  a  red  and  black  plaid 
one,  enteritis.  A  green  tack  with  a  black 
cross  (the  cross  drawn  with  pen  and 
ink)  denotes  the  absence  of  an  employee 
on  account  of  illness.  If  the  nature  of 
the  illness  is  known,  the  tack  denoting 
that  particulai  disease  is  placed  with  the 
absentee  tack.  A  red  tack  with  a  black 
dot  in  the  center  means  an  accident.  It 
is  surprising  to  see  the  number  of  tacks 
of  this  sort  on  the  charts  from  some  de- 
partments. This  particular  finding?  may 
aid  the  safety  committee  in  reducing  the 
number  of  accidents  to  a  minimum. 

One  of  the  most  valuable  tacks  is  the 
pink  one,  which  represents  headache 
from  all  causes.  On  several  occasions, 
by  watching  the  increasing  number  of 
headache  tacks  in  one  deioartment,  we 
have  discovered  lack  of  attention  to  ven- 
tilation. 

During  the  last  grip  epidemic  we  tried 
to  send  operators  who  were  coming  down 
with  the  disease  away  from  the  plant  at 
the  earliest  possible  moment.  Prophy- 
lactic treatment  (consisting  of  a  gargle 
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aud  nose  pack  of  a  camplioi'-menthol 
compound)  was  then  given  to  all  the  em- 
ployees who  had  been  in  contacr.  with 
them.  An  effort  was  made  to  surround 
every  grip  tack  on  the  board  with  a  yel- 
low cross  tack  (a  yellow  tack  with  a 
black  cross  dra'wn  on  it  with  ink  stands 
for  prophylactic  treatment  in  this  sys- 
tem).    The  ease  with  which  contagions 


usual  situation  shows  just  how  infectious 
an  acute  nose  cold  can  be.  The  condition 
would  probably  have  been  overlooked, 
had  not  the  spot  map  been  in  use.  The 
operator  just  opposite  the  letter  A  was 
the  first  to  report.  The  adjoining  ojjer- 
ators  developed  nose  colds  within  a  few 
days. 

In  Department  D  tliere  were  several 
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I'iG.  1. — .Sample  spot  map. 


cases  were  kept  in  mind,  and  the  faithful 
prophylactic  work  of  the  dispensary 
nurse,  we  believe,  accounted  for  the  low 
incidence  of  grip  in  our  factory— a.i  inci- 
dence much  lower  than  that  of  some 
other  institutions  in  this  vicinity. 

In  order  to  illustrate  some  of  the  uses 
of  the  map,  the  diagram  shown  in  Figure 
1  has  been  prepared.  For  convenience 
in  photographing,  however,  designs  have 
been  substituted  for  colors. 

It  will  be  noted  that  in  Department  A 
there  are  several  cases  of  coryza  all 
grouped  around  a  central  one.    This  un- 


cases of  headache  on  successive  days. 
An  investigation  of  this  condition,  which 
was  first  noted  on  the  spot  map,  revealed 
the  fact  that  the  ventilating  system  was 
not  functioning  properly. 

The  grip  and  prophylactic  tacks 
placed  in  Department  C  illustrate  the 
method  of  trying  to  prevent  the  spread 
of  disease  by  the  use  of  prophylactic 
measures  and  the  advantage  of  using 
the  spot  map  for  this  purpose.  Opera- 
tor Number  1.3  developed  grip,  and  oper- 
ators 12  and  14  were  given  propliylactic 
treatment. 
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Removal  Recoed 


To  prevent  the  tacks  from  accumulat- 
ing on  the  board,  a  removal  record,  such 
as  that  shown  in  Figure  2,  is  used.  This 
consists  of  a  sheet  of  ruled  paper  on 
which  is  kept  the  serial  number  of  the 


No. 

Dept.  No. 
Date         and  Initial 

Color 

Removed 

211 

212 

2/10/22    1     A18— M.  S. 
2/11/22    1     D7  — S.  I. 

Blue 
Pinlv 

2/24/22 
2/18/22 

Fig.  2. — Taok  removal  record. 

case,  the  date  that  the  tack  was  placed 
on  the  board,  the  initial  or  number  of  the 
operator's  machine,  the  color  of  the  tack, 
and  the  date  that  the  tack  is  to  be  re- 
moved. The  tacks  denoting  contagious 
conditions  are  left  on  for  a  fourteen-dav 


period.    The  headache  and  accident  tacks 
are  left  on  for  one  week. 

When  the  removal-record  sheet  is 
filled,  a  new  one  is  attached  to  the  map 
and  the  old  one  is  filed.  This  constitutes 
a  permanent  record  which  can  be  used 
for  statistical  purposes  at  any  time. 

Summary 

The  spot  map  can  be  used  to  advan- 
tage in  an  industrial  dispensary  for  the 
following  reasons : 

1.  It  visualizes  the  health  situation. 

2.  It  is  of  value  in  checking  the 
spread  of  infectious  diseases. 

3.  It  supplies  valuable  accident  in- 
formation to  the  safety  committee. 

4.  It  makes  a  permanent  record  for 
statistical  purposes. 


A  CLINICAL  STUDY  OF  FUR  CUTTERS  AND  FELT  HAT  WORKERS' 


Wade  Weight,  M.D. 

Iii.slnietor  in.  Industrial  Medicine,  Department  of  Industrial  Hygiene, 
Harvard  School  of  Public  Health 


OXE  humlred  and  eight  hatters'  fur 
workers  and  felt  hatters  were  ex- 
amined in  Danbury,  Connecticut,  in  the 
autumn  of  1921.  Pubhc  announcement 
was  made  of  the  opportunity  for  medical 
examination,  and  all  the  workers  who 
presented  themselves  were  examined 
without  selection.  With  few  exceptions 
they  were  men  actively  engaged  at  their 
respective  trades,  and  few  of  them  con- 
sidered themselves  notably  diseased. 

For  the  purposes  of  this  analysis  of 
findings,  the  examination  records  of 
eight  persons  have  been  eliminated;  six 
of  them  had  been  employed  for  less  than 
two  years,  one  was  a  young  apprentice, 
and  the  record  of  another  was  incom- 
plete. There  are  available,  accordingly, 
the  results  of  100  fairly  complete  physi- 
cal examinations.  In  addition,  twenty- 
seven  urine  analyses  were  made,  and 
subsequent  to  the  examinations  radio- 
graphs of  the  chests  of  fifty-six  members 
of  the  group  were  obtained. 

Representatives  of  thirty  fur  or  hat 
shops  were  found  among  the  100  men, 
twenty-two  of  whom  constituted  the 
largest  single  shop  contingent. 

Occupation. — Eight  men  were  hatters' 
fur  workers,  four  of  whom  were  engaged 
ill  caii-otting,  the  others  doing  cutting, 
clipijing,  i)lucking  or  shaving.  Sixty- 
nine  worked  in  the  "back  shops"  of  hat 
makers'  establishments,  distributed 
among  tlie  following  trade  processos : 

Blowiiifi  1 

("oiiiiifr     6 

Hardening     2 

♦Keocivcd   lor  inihlii-iitidii   Sciilemlicr  1!l,   10-J2. 


Starting     3 

iSizing    48 

Dyeing     1 

Blocking    4 

Pouncing   2 

Napping    1 

Velouring    1 

Twenty-three  were  "front  shop"  fin- 
ishers. Many  of  the  men  had  been  em- 
ployed previously  at  other  processes 
than  those  of  their  recorded  occupations. 

Nationality. — Of  the  100  men,  twenty- 
six  were  native  born  of  native  parentage. 
Fifty-seven  were  foreign  born;  of  this 
number  fifteen  were  born  in  Ireland,  sev- 
enteen in  Austria-Hungary,  Czecho-Slo- 
vakia,  or  Poland,  eight  in  Italy,  seven  in 
Syria,  five  in  Germany,  and  five  in  other 
countries.  Seventeen  were  native  born 
of  foreign  parentage,  for  the  greater 
part  either  Irish  or  Italian. 

Age  and  Duration  of  Service. — The 
men  ranged  from  23  to  67  years  of  age, 
and  had  been  emploj^ed  in  the  hatting 
industry  for  periods  varjnng  from  two 
to  forty-seven  years.  They  were  distrib- 
uted as  follows  with  respect  to  ago  and 
to  duration  of  service: 


Age   Disiribution 

Years  No. 

20-29 IS 

30-39 36 

40-49 23 

r)0-.")9 13 

60  and  over 10 

Distributimi     \rith     Respect    to    Duration    of 
Service 


Year 

2  to 

3  to 


•s 


No. 

4 

12 
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Years  No. 

5  to  10 12 

10  to  15 13 

15  to  20 20 

20  to  25 15 

25  to  30 4 

More  than  30 20 


It  may  be  noted  that  72  per  cent,  of  the 
group  had  been  employed  in  the  indus- 
try for  more  than  ten  years,  39  per  cent, 
for  more  than  twenty  years,  and  20  per 
cent,  for  more  than  thirty  years. 

Medical  History. — Little  information 
of  value  was  secured  regarding  the  med- 
ical histdries  of  either  the  members  of 
the  group  or  of  their  families.  Two  in- 
stances of  family  tuberculosis  were  re- 
corded, and  several  men  had  had  typhoid 
fever  or  malaria.  All  but  nineteen  de- 
nied having  had  venereal  disease.  Of 
this  number,  one  admitted  having  had 
syphilis. 

Ninety  of  the  group  used  tobacco, 
many  of  them  in  considerable  amounts. 
Chewing  was  especially  prevalent. 
Twenty-one  stated  that  they  had  not 
drunk  alcoholic  beverages,  but  of  the  re- 
maining seventy-nine  many  frankly  ad- 
mitted habitual  excessive  drinking.  Fif- 
ty men  drank  coffee ;  ten  drank  tea. 

Appearance. — The  general  appearance 
of  most  of  the  members  of  the  group  was 
good.  Sixty-nine  Avere  rated  as  of  good 
nutrition;  twenty-five,  fair;  and  six, 
poor.  Pew  of  the  men  were  emaciated, 
and  most  of  them  were  of  approximately 
normal  weight. 

Skin. — The  color  of  the  skin  was  good 
in  eighty-one  of  the  men,  and  fair  in  sev- 
enteen. Two  men  were  distinctly  pallid. 
No  hemoglobin  determinations  were 
made.  Skin  eruptions  were  negligible. 
There  were  observed  among  the  aizers, 
however,  deep  indurated  calluses  of  the 
hands  extending  from  the  thenar  and 
hypothenar   eminences   over   the   palms 


and  to  the  finger  tips.  In  many  instances 
the  hands  Avere  stained  by  dyes  used  in 
the  sizing  kettles.  Eighteen  men,  six- 
teen of  them  sizers,  sliowed  marked  cal- 
luses of  the  type  described.  Six  sizers 
had  developedDupuytren's  contractions, 
usually  of  the  little  finger  of  one  or  both 
hands.  A  flanger  and  a  curler  had  sim- 
ilar disabilities. 

Special  Senses. — According  to  the 
statements  of  the  individuals  examined, 
vision  was  highly  deficient  in  but  few 
instances.  Forty  of  the  men  Avore  glasses, 
especially  for  reading.  The  pupillary 
reactions  were  not  remarkable. 

Partial  deafness  was  recorded  in 
eighteen  cases,  and  a  history  of  running 
ears  in  ten.  Thirty-three  persons  com- 
plained of  tinnitus,  though  few  were  af- 
fected constantly.  There  was  no  notable 
evidence  of  diminished  olfactory  sense. 

Teeth. — The  teeth  of  most  members  of 
the  group  were  in  fair  condition.  Twen- 
ty-eight men  stated  that  they  had  occa- 
sional or  frequent  toothache.  In  but  rare 
instances  was  there  evidence  of  exten- 
sive dental  disease  with  loosening  of  the 
teeth.  Many  men  had  lost  several  mo- 
lars, five  wore  plates  in  both  jaws,  and 
three  in  one  jaw  only.  Marked  discol- 
oration of  the  teeth  Avas  noted  in  a  iew 
cases. 

Gtnns. — Pyorrhea  Avas  observed  in 
forty-fiA'e  persons,  occasionally  Avith 
readily  bleeding  gums.  There  were  but 
tAvo  cases  of  gingivitis  so  marked  as  to 
suggest  some  disease  other  than  pyor- 
rhea. For  the  purposes  of  this  study  no 
attempt  has  been  made  to  differentiate 
betAveen  gingivitis  and  the  infiamed 
gums  associated  Avith  pyorrhea. 

In  three  men  there  Avas  observed  a 
definite  "blue  line"  in  the  gums,  some- 
what similar  to  the  Burtonian  line  of 
lead  poisoning.    The  markings  Averc  dis- 
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tinctly  punctate,  blue-black  in  color,  and 
finer  than  those  conimonly  seen  in  cases 
of  poisoning  by  lead.  No  conclusive  evi- 
dence of  lead  absorption  was  obtained. 
One  of  the  three  men  was  a  coner,  the 
other  two  were  sizers. 

Muutli  and  Throat. — Twenty-two  per- 
sons gave  a  reasonably  trustworthy  his- 
tory of  salivation,  usually  very  moderate 
in  degree;  only  three  showed  salivation 
when  examined. 

Twenty-five  men  were  recorded  as 
having  a  sensation  of  dryness  of  the 
throat ;  eighteen,  a  sensation  of  tickling. 
Eleven  had  sore  tongues.  Eighteen  ad- 
mitted having,  upon  occasion,  noted  a 
metallic  taste,  though  reliable  informa- 
tion regarding  this  matter  was  difficult 
to  obtain. 

Coated  tongues  were  observed  in 
twenty-six  of  the  group,  throats  of  dry 
appearance  in  six,  and  dusky  mucosae 
in  nineteen.  Light  patches  on  mucoias 
membranes  were  observed  in  but  two 
cases.  No  noteworthy  odor  of  the  breath 
was  reported.  Five  men  had  shght 
speech  defects. 

Lymph  Abodes.— Slight  or  moderate 
general  adenopathy  was  recorded  in 
thirty-six  instances. 

Cardio-Respiratory  Symptoms. — Res- 
piratory infections  were  reported  as 
common.  Forty-nine  individuals  gave  a 
history  of  frequent  colds,  sixteen  of 
pneumonia,  eighteen  of  pleurisy,  forty- 
nine  of  frequent  coughs,  and  nine  of 
hemoptysis.  Statements  regarding  fe- 
ver were  imtrustworthy. 

Examination  of  the  lungs  disclosed 
various  positive  findings  in  thirty-two 
cases,  for  the  most  part  signs  of  chronic 
bronchitis  or  of  old  pleuritis.  Patches 
of  dulness  with  increased  fremitus  and 
coarse  rales  were  occasionally  encoun- 
tered. No  case  of  active  tuberculosis 
was  recognized. 


X-ray  examination  of  a  portion  of  the 
group  not  specially  selected  shoAved  nu- 
merous cases  of  marked  hilus  infiltra- 
tion, diminished  radiance  of  one  or  both 
apices,  nmuerous  soft  glands,  and  occa- 
sionally diffuse  mottling.  The  following 
case  reports  are  cited  by  way  of  illus- 
tration : 

Case  7. — This  man,  aged  54,  had  been  em- 
ployed as  a  shaver  for  seventeen  years. 
Phj'sical  examination  of  the  chest  was  nega- 
tive; X-ray  examination  showed  coarse  mot- 
tling scattered  throughout  both  chests.  Both 
apices  were  dull. 

Case  15. — This  man  was  48  years  old  and 
had  been  employed  as  a  finisher  for  fifteen 
years.  Physical  examination  showed  slightly 
impaired  resonance ;  X-ray  examination 
showed  hilus  infiltration,  coarse  peribronchial 
thickening,  mottling  throughout  the  entire 
right  chest  and  upper  lobe.  The  right  apex 
was  distinctly  dull.  The  findings  resembled 
tuberculosis. 

Case  58. — This  man,  aged  62,  had  worked 
as  a  mixer  in  the  blowing  room  for  thirty- 
three  years.  Physical  examination  of  the 
chest  was  negative:  X-ray  examination 
showed  marked  hilus  infiltration,  increased 
soft  glands,  and  mottling  scattered  through- 
out both  chests.  The  left  upper  lobe  was  dis- 
tinctly dull.  The  findings  resembled  tubercu- 
losis. 

Case  60. — This  man,  aged  26,  had  been  a 
starter  for  eight  years.  Phj'sical  examination 
of  the  chest  disclosed  dulness  of  the  left  upper 
lobe ;  X-ray  examination  showed  marked  hilus 
infiltration  extending  throughout  both  chests, 
and  fine  scattered  mottling. 

Broadly  speaking,  the  radiographic 
findings,  while  in  certain  instances  offer- 
ing evidence  of  dust  inhalation,  were  not 
notably  disting-uished  from  those  ordi- 
narily obtainable  upon  the  examination 
of  any  group  of  men  of  like  ages  and 
numbers. 

Twenty-two  individuals  gave  a  history 
of  some  degree  of  dyspnea;  twenty- 
seven  complained  of  palpitation ;  six  ap- 
peared cyanotic ;  and  fifteen  were  slight- 
ly or  moderately  edematous.  Examina- 
tion of  the  heart  in  ten  cases  revealed 
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evidence  of  disease,  particularly  hyper- 
trophy and  dilatation.  Thirty-nine  per- 
sons had  a  systolic  blood  pressure  ex- 
ceeding the  age  plus  110,  the  average 
excess  over  age  plus  110  being  14.4 
(mm.  Hg).  The  average  pulse  pressure 
was  56.4  points.  The  age  distribution  of 
the  members  of  tliis  group  was  as  fol- 
lows : 


Av, 

.  Excess 

Av. 

Age 

over  Age 

Pulse 

Years 

No. 

plus  110 

Pressure 

20-29 

7 

14.0 

46.4 

30-39 

18 

10.7 

52.5 

40-49 

6 

23.5 

68.5 

50-59 

5 

8.6 

60.0 

60  and  over 

3 

28.6 

74.0 

Total 

39 

14.4 

56.4 

Kidneys. — Of  twenty-one  specimens 
of  urine  obtained  from  these  thirty-nine 
persons,  five  showed  albumin.  Fifty- 
eight  men  from  the  entire  group  of  100 
reported  nocturia.  A  definite  history  of 
hematuria  was  obtained  in  but  one  in- 
stance, associated  with  evidence  of  renal 
colic. 

Gastro-Iiitesfiiial  Findings. — No  ab- 
normal masses  were  found  upon  abdom- 
iual  examination.  Five  persons  were 
found  to  have  inguinal  herniae. 

It  is  noteworthy  that  but  one  person 
complained  of  lack  of  appetite.  Thir- 
teen believed  their  digestion  to  be  poor. 
Twenty-one  were  constipated.  Ten  re- 
ported occasional  diarrhea.  Hemor- 
rhoids were  noted  in  sixteen  instances. 
Abdominal  pain  or  distress  was  not 
strikingly  manifest,  and  in  the  majority 
of  the  fifteen  cases  recorded  the  pain 
was  in  the  epigastrium. 

Posture. — ^The  posture  of  approxi- 
mately half  of  the  men  examined  was 
exceedingly  poor,  the  attitude  being 
characterized  by  marked  lumbar  lordo- 
sis. Flattened  chests  and  pendulous 
abdomens  were  frequently  observed. 

Neuromuscular  Findings.  —  Thirteen 


men  suffered  from  headache  occasionally 
or  frequently,  sixteen  others  but  rarely. 
No  characteristic  localization  was  ap- 
parent. Fortj^-three  individuals  stated 
that  they  were  subject  to  attacks  of  diz- 
ziness, which  in  many  instances  was  said 
to  be  marked. 

Of  twenty-six  persons  who  complained 
of  pain  in  the  arms  or  legs,  nine  suffered 
from  pain  in  the  forearm,  the  hand,  or 
the  finger  joints.  In  many  cases  the  pain 
was  presumably  related  to  arthritis. 
Nineteen  gave  a  history  of  tingling, 
numbness,  or  formication,  usually  of  the 
fingers  and  hands.  Of  these,  fourteen 
were  sizers,  two  were  blockers,  one  a 
wetter  down,  one  a  cutter,  and  one  a 
blower.  One  dyer  complained  of  itching 
legs. 

Twenty-six  of  the  men  had  had  neu- 
ralgic pain,  localized,  for  the  most  part, 
in  the  jaw  or  the  cheek,  and  doubtless 
related  in  many  instances  to  dental 
infection. 

Tremors  Avere  observed  in  so  many 
instances  that  particular  care  was  exer- 
cised in  the  differentiation  of  degrges 
of  tremor.  The  muscles  of  the  face  or 
orbits  showed  a  slight  or  moderate 
tremor  in  seventeen  cases.  In  thirty 
cases  tremor  of  the  tongue  was  recorded, 
in  twenty-two  of  which  it  was  slight. 
Tremor  of  the  fingers,  usually  fine,  was 
present  in  fifty-five  cases,  slight  in 
twenty-eight,  and  moderate  or  marked 
in  twenty-seven.  Intention  tremor  of  the 
fingers  was  observed  in  thirty-one  per- 
sons, in  twenty-two  of  whom  it  was  mod- 
erate or  marked,  in  nine  slight.  There 
were  six  additional  doubtful  cases. 

Fibrillary  twitchings  of  various  mus- 
cles were  reported  in  twenty-five  cases, 
in  seventeen  of  which  they  were  moder- 
ate or  marked.  Evidence  of  this  condi- 
tion was,  however,  unsatisfactory  in 
maify  instances. 
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Tremor  of  tlie  muscles  of  the  orbit 
alone  was  observed  in  three  cases;  of 
the  tongue  alone  in  three  cases;  of  the 
fingers  alone  in  twenty-four  cases;  of 
the  muscles  of  the  orbit  and  of  the 
tongue  in  two  cases ;  of  the  orbit  and  of 
the  fingers  in  six  cases ;  of  the  tongue 
and  of  the  lingers  in  nineteen  cases;  of 
the  orbit,  tongue,  and  fingers  in  six 
cases. 

The  power  of  the  flexor  muscles  of 
the  forearms  was  estimated  as  fair  in 
eleven  cases,  and  as  poor  in  but  two 
cases;  while  the  power  of  the  extensor 
group  was  considered  fair  in  thirteen 
cases,  and  poor  in  five. 

Knee  jerks  were  not  obtained  in  four 
cases,  and  apparently  were  diminished 
in  four  others.  One  positive  Romberg 
test  was  observed. 

Insomnia  was  noted  with  considerable 
frequency.  Thirty-three  men  had  difB- 
culty  in  sleeping.  .  Several  complained 
only  of  restlessness,  while  many  others 
could  not  sleep  for  a  few  hours  after 
going  to  bed,  or  wakened  early  and 
could  not  fall  asleep  again. 

I'liirty-nine  complained  of  excessive 
fatigue.  In  recording  these  cases  an 
effort  was  made  to  exclude  reports  of 
ordinary  weariness.  Numerous  circum- 
stantial details  indicated  that  certain 
persons  were  finishing  the  day's  work 
with  little  or  no  reserve  energy.  A  his- 
tory of  night  blindness  was  obtained  in 
four  cases. 

Thirty-four  men  admitted,  on  careful 
questioning,  that  they  were  frequently 
discouraged  and  "blue."  It  was,  of 
course,  difficult  or  impossible  to  dis- 
tinguish the  mental  dcjjression  resulting 
from  the  relative  inactivity  of  industry 
from  that  possibly  of  toxic  origin.  One 
man  did  not  wish  to  see  anyone  when  de- 
pressed, and  another  felt  blue  and 
"would  like  to  be  dead  instead  of  alive." 


Fifty-nine  members  of  the  group  con- 
sidered themselves  as  abnormally  ner- 
vous and  irritable.  In  many  instances 
this  irritability  was  attributed  In"  the 
men  to  the  presence  of  strangers,  to  the 
necessity  for  unusual  work,  or  to  anger. 
The  character  of  the  nervous  reactions 
is  perhaps  best  exemplified  by  the  state- 
ments of  some  of  the  men  themselves. 


Case  4. — ^"I  'fraid  for  boss,  'fraid  boss 
gimme  hell ! ' ' 

Case  16. — "Sometime  mek  me  mad,  I  look 
lak  a  crazy." 

Case  17. — "If  anybody  ask  me  to  do  some- 
thing quick,  I  shake." 

Case  30. — "Gets  worse  if  I'm  watched." 
lie  would  slow  up,  if  watched  at  work. 

Case  41. — This  man  became  nervous, 
trembled,  and  stopped  work  as  soon  as  a 
stranger  came  in.  He  also  felt  weak  in  his 
knees. 

Case  50. — "Feels  sometimes  as  if  I  had 
done  something  wrong,  as  if  somebody  was 
after  me."  When  he  gets  excited  "then  can't 
talk  hardly  at  all."  He  becomes  nervous  if 
he  is  watched,  and  his  legs  "starta  wiggle." 

Case  54. — "Gets  all  thumbs." 

Case  103. — "If  I'm  watched  I  seem  to  lose 
control  of  myself — don't  do  the  work  as  I 
ought  to  do  it — as  well  as  I  could  do  it.  I 
get  the  idea  that  someone  is  looking  at  me 
when  no  one  is.  Feel  as  though  I'm  readv 
to  fly." 

Mercury  Poisoning. — In  disctissing 
mercury  poisoning  among  felt  hatters 
many  authors  have  emphasized  the  im- 
portance of  salivation,  dryness  of  the 
mouth,  gingivitis,  a  blue  line  in  the 
gums,  tremors,  and  psychic  irritability.' 
In  the  course  of  the  clinical  study,  the 
results  of  which  are  here  presented, 
these  six  symptoms  or  sigTis  were  re- 
corded with  the  following  frequency: 
salivation,  22;  dryness  of  the  mouth  or 
throat,  25;  gingi\dtis  (with  pyorrhea), 
45;  blue  line,  3;  tremors,  61;  psychic 
irritability,  59. 

'See  llainiUon,  A.:  IiKlustiial  Dison.ses  of  Vnv 
Cut  tors  am!  Halters.  This  .Touk..  Sept..  1022.  .), 
No.  -).  21!). 
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Of  the  100  men  examined,  there  were 
fifty-three  who  presented  at  least  two  of 
the  above  six  signs  or  symptoms.  There 
were  other  cases  in  which  either  a  trem- 
or, or  marked  salivation,  or  a  blue  line 
was  noted,  such  suggestions  of  possible 
mercurialism,  however,  lacking  support- 
ing evidence.  Of  the  fifty-three  cases, 
ten  have  been  eliminated  as  questionable 
for  various  reasons,  such  as  uncertain- 
ty regarding  the  severity  of  psychic  dis- 
turbance or  tremors.  The  remaining 
forty-tliree  cases  showing  quite  definite 
signs  of  mercurialism  were  classified  ac- 
cording to  trade  process,  age,  and  expe- 
rience as  follows : 


%  of  All 

Av. 

Similarly 

Av. 

Duration 

ProL-oss 

No. 

Engaged 

Age 
Years 

of  Service 
Years 

Fur  Workers 

S 

37.5 

2n.G 

2.6 

riucking 

1 

100.0 

34.0 

2.0 

Garrotting 

1 

25.0 

23.0 

3.0 

Cutting 

1 

100.0 

23.0 

3.0 

Back  Shot) 

:u 

■'t-'l.9 

-i2.0 

19.8 

Blowing 

1 

100.0 

62.0 

33.0 

Couiug 

3 

50.0 

38.3 

15.6 

Hardening 

1 

50.0 

'43.0 

25.0 

Starting 

1 

33.3 

26.0 

8.0 

Sizing 

20 

41.6 

42.3 

20.6 

Blocking 

3 

75.0 

4G.3 

26.6 

Napping 

1 

100.0 

33.0 

16.0 

Velouring 

1 

lOO.O 

39.0 

4.0 

Finishinf) 

9 

39.1 

.53.5 

29.2 

Total 

43 

.',3.0 

.',3.3 

21.2 

Among  the  group  of  forty-three  cases 
with  definite  signs  of  mercurial  poison- 
ing, salivation  was  noted  in  seventeen, 
dryness  of  the  throat  in  eight,  pyorrhea 
or  gingivitis  in  twenty-one,  a  blue  line  in 
two,  tremor  in  forty,  and  psychic  irrita- 
bility in  thirty-seven.  Fourteen  cases 
presented  two  of  the  symptoms,  usually 
tremor  and  psychic  disturbance ;  twenty 
cases  presented  three  of  the  symptoms, 
usually  tremor,  psychic  irritability,  and 
gingivitis;  eight  presented  four  of  the 
symptoms;  and  one  case  presented 
tremor,  psychic  irritability,  salivation, 
gingivitis,  and  a  blue  line. 


Eighteen  of  the  forty-three  men  had 
abnormally  high  blood  pressure.  Urine 
analyses  in  thirteen  of  the  eighteen 
cases  revealed  albumin  in  but  four  in- 
stances. Edema,  usually  of  the  ankles, 
was  noted  in  ten  cases  of  the  group  of 
forty-three,  associated  with  high  blood 
pressure  in  six  persons,  and  with  albu- 
minuria and  hypertension  in  two.  In 
seven  cases  there  was  fairly  frequent 
diarrhea. 

Ten  of  the  group  of  forty-three  men 
had  sore  tongues,  associated  with  saliva- 
tion in  three  cases.  Of  twelve  who  had 
noted  a  metallic  taste,  seven  also  gave  a 
history  of  salivation.  In  four  additional 
cases  the  history  of  metallic  taste  was 
inconclusive. 

In  fourteen  cases  there  was  a  sugges- 
tion of  weakness  of  the  muscles  of  the 
forearms,  especially  of  the  extensor 
group.  In  no  case  was  there  marked 
paresis.  Thirteen  men  complained  of 
numbness,  tingling  or  itching,  particu- 
larly of  the  fingers.  Sixteen  gave  a  his- 
tory of  twitcliing  muscles,  most  often 
noted  when  in  bed.  Thirteen  reported 
pain  in  the  extremities,  especially  in  the 
joints  of  the  hands  and  arms,  or  in  the 
knees. 

Twenty  men  gave  a  history  of  dis- 
couragement, twenty-one  of  attacks  of 
dizziness,  and  nineteen  of  insomnia. 
Psychic  irritability,  observed  in  thirty- 
seven  cases  among  the  group  of  forty- 
three,  was  associated  mth  discourage- 
ment in  twenty  of  these  cases,  wath  diz- 
ziness in  twenty  cases,  and  with  insom- 
nia in  fifteen  cases. 

Of  the  forty-three  men  who,  it  may  be 
assumed,  presented  evidence  of  mer- 
curial poisoning,  five  should  be  consid- 
ered as  severely  affected,  fourteen  mod- 
erately, and  twenty-four  slightly.  There 
were,  in  addition,  ten  cases  regarded  as 
somewhat  questionable,  though  tliere  is 
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no  clear  demarcation  between  these 
cases  and  those  of  the  group  of  workers 
slightly  affected. 

Case  Reports 


Case  12.  History.  —  This  emploj'ee,  an 
Irishman,  married,  aged  48,  had  done  block- 
ing for  twenty  years,  and  during  the  year 
previous  to  this  examination  had  done  sizing. 
He  gave  a  history  of  heavy  drinking  former- 
ly, and  of  hea\'j'  use  of  tobacco  at  the  time  of 
examination.  He  stated  that  a  Wa.s.sermann 
test  made  four  years  previouslj'  had  been 
negative. 

His  vision  was  failing,  but  he  wore  no 
glasses.  His  hearing  was  normal,  and  he  did 
not  complain  of  tinnitus.  He  said  that  he  had 
an  occasional  headache  and  frequent  tooth- 
ache, but  had  noticed  no  salivation  nor  me- 
tallic ta-ste,  nor  dryness  of  the  mouth,  nor 
sore  throat.  He  complained  of  no  cardio- 
respiratory symptoms  except  slight  dyspnea. 
He  gave  no  history  of  edema.  His  appetite 
was  good,  and  his  digestion  normal.  He  said 
that  he  had  diarrhea  occasionally  but  was 
never  troubled  with  constipation.  lie  had 
had  nocturia  only  rarely. 

Physical  Examination. — He  was  a  robust, 
stout  man  of  ruddy  complexion.  His  pupils 
were  slightly  irregular  and  reacted  poorly 
to  light.  The  muscles  of  the  orbits  showed  a 
.slight  tremor,  and  there  was  twitching  of  the 
lips.  His  teeth  were  in  poor  condition  and 
his  gums  showed  marked  gingivitis.  There 
were  small  light  plaques  on  the  buccal  mu- 
cosa. There  was  slight  tremor  of  the  tongue, 
but  no  coating.  There  was  no  adenopathy. 
Examination  of  the  lungs,  heart,  and  abdo- 
men was  negative.    The  pulse  was  68. 

Marked  tremor  of  the  fingers  was  noticed, 
together  with  intention  tremor.  The  flexor 
and  extensor  muscles  of  the  forearms  were 
powerful.  No  changes  in  skin  sense  were 
noted.  Knee  jerks  were  present  and  Romberg 
test  was  negative.  The  palms  of  the  hands 
were  calloused  and  there  was  contraction  of 
the  right  fourth  finger,  relative  to  which  the 
man  gave  a  history  of  injury  in  childhood. 

The  man  said  that  he  was  rcadilj'  irritable 
and  felt  blue.  Previous  to  treatment  for  "kid- 
ney trouble."  three  months  before  the  pres- 
ent examination,  he  had  had  attacks  of  dizzi- 
ness. The  urine  showed  a  slight  ti'ace  of  al- 
bumin. Systolic  Iilood  ])i-essure  was  168;  dia- 
stolic, 98." 

X-ray  examination  disclosed  a  moderate  de- 
gree of  hiliis  iiifilti'atiop,  with  somewhat   in- 


creased density  in  the  upper  lobes  of  the 
lungs. 

Case  41.  History. — This  man.  a  Czecho- 
Slovakian.  married,  aged  46,  had  done  sizing 
for  fifteen  years.  He  said  that  he  had  drunk 
wine  and  used  much  tobacco.  He  had  been 
troubled  with  watei'ing  eyes,  and  had  worn 
gla.sses  for  five  years.  He  gave  a  history  of 
hemicrania  for  many  years,  but  gave  no  his- 
tory of  vomiting.  He  did  not  report  deafness 
but  said  that  he  had  noticed  tinnitus,  ac- 
companied by  headache.  For  two  months 
previous  to  this  examination  he  had  noticed 
a  metallic  ta.ste  "like  rusty  iron."  and  for 
two  years  had  had  salivation.  He  gave  no 
history  of  dryness  of  the  mouth  or  soreness 
of  the  tongue.  He  complained  of  moderately 
frequent  colds,  and  of  slight  coughs  with 
much  sputum.  He  did  not  report  hemoptysis, 
however.  There  wa.s  no  history  of  dyspnea 
or  palpitation,  or  of  edema.  He  complained 
of  poor  appetite  and  eructations,  and  of  diar- 
rhea, and  said  that  for  two  months  he  had 
had  ten  movements  a  day.  For  two  years  he 
had  had  a  slight  pain  in  the  right  hypoehon- 
drium,  and  during  that  time  had  lost  10 
pounds  in  weight. 

Phygiral  Examination. — The  man  was  pal- 
lid in  appearance.  There  was  nothing  ab- 
normal about  the  pupillary  reactions  or 
about  the  muscles  of  the  orbit.  His  gums 
showed  a  blue  line,  and  he  said  that  they  bled 
with  brushing.  The  mucosae  were  normal. 
His  tonsils  were  large  and  protruding.  Xo 
tremor  or  coating  of  the  tongue  was  noted. 
There  was  marked  adenopathy. 

Examination  of  the  lungs  disclosed  evi- 
dences of  an  old  process  at  the  right  apex, 
probably  tubercidosis.  No  X-ray  was  ob- 
tained. Examination  of  the  heart  gave  nega- 
tive results.  The  pulse  was  80.  The  vessel 
walls  were  found  to  be  moderately  thickened. 
There  is  some  question  whether  the  liver  edge 
was  palpable. 

Tremor  of  the  fingers,  together  with  inten- 
tion tremor,  was  observed.  No  muscle  twitch- 
ing was  recorded.  The  flexor  muscles  of  the 
forearms  were  powerful ;  the  extensors  were 
less  strong.  No  sensory  changes  were  no- 
ticed. Knee  jerks  were  present,  and  the  Rom- 
berg test  wa.s  negative.  Systolic  blood  pres- 
sure was  186 ;  diastolic,  110. 

The  man  comyilained  of  a  pain  in  the  fourth 
right  metacarpal  phalangeal  joint.  He  had 
marked  calluses  on  both  palms,  and  slight 
Dupuytren's  contractions  of  the  fourth  ami 
fifth  fingers  of  the  right  hand.  He  said  that 
he  was  nervously  irritable,  had  attacks  of 
trembling,  and  was  embarrassed  by  the  pres- 
ence of  strangei's  in  the  shop.     He  admitted 
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a  feeling  of  discouragement.  He  gave  a  his- 
tory of  attacks  of  dizziness,  marked  insomnia, 
and  of  being  readily  fatigued. 

Case  50.  History. — This  man  was  a  Ger- 
man, married,  aged  64,  who  had  done  sizing 
for  forty  years.  He  gave  a  history  of  typhoid 
fever  forty-three  years  previous  to  this  ex- 
amination. He  said  that  he  had  drunk  beer, 
and  had  used  tobacco  moderately.  He  denied 
having  had  venereal  disease. 

His  vision  was  fair ;  he  had  worn  glasses 
for  reading  for  ten  years.  He  gave  no  history 
of  deafness  or  of  headaches,  but  complained 
of  continued  tinnitus.  His  teeth  were  all  out ; 
he  said  that  they  had  been  loose  for  four  or 
five  years.  He  had  not  noticed  any  metallic 
taste,  salivation,  dryness  of  the  mouth,  or  sore- 
ness of  the  tongue  or  throat.  His  speech  was 
defective  because  he  was ' '  so  nervous. ' '  He  had 
had  no  respiratory  symptoms,  and  no  dyspnea 
nor  palpitation.  He  reported  marked  edema 
of  the  legs.  His  appetite  was  good.  He  said 
that  his  bowels  moved  daily,  and  that  after 
drinking  milk  he  had  diarrhea.  For  two 
years  he  had  had  moderate  nocturia. 

Physical  Examination. — This  man  was  of 
senile  appearance.  He  had  marked  tremor 
and  experienced  great  difficulty  in  unbutton- 
ing his  clothing.  The  movements  of  his  hands 
resembled  those  of  a  mandolin  player.  His 
complexion  was  ruddy.  His  pupils  reacted 
slightly  to  light.  There  was  a  rhythmic 
twitching  of  the  muscles  of  the  orbits,  and 
quivering  of  the  upper  lip.  He  had  no  teeth. 
He  said  that  his  gums  had  bled  formerly.  The 
buccal  mucosae  were  slightly  blueish,  and 
there  was  salivation.  No  tremor  of  the  tongue 
was  recorded.  Examination  of  the  lungs 
showed  a  slight  increase  of  physiological  signs 
in  the  right  apex.  His  heart  was  normal.  His 
pulse  was  56.  A  slight  thickening  of  the  ves- 
sel walls  was  noticed.  Examination  of  the  ab- 
domen gave  negative  results. 

There  wa,s  marked  coarse  tremor  of  the 
hands  and  arms,  and  quivering  of  the  legs, 
which  was  strikingh-  increased  when  an  ef- 
fort was  made  to  control  the  muscles  in  care- 
ful movements.  There  was  marked  fibrillary 
twitching.  The  flexors  of  the  forearms  were 
weak :  the  exten.sors  were  of  normal  power. 
The  man  complained  of  cramping  sensations 
in  the  limbs,  and  of  pain  in  the  back.  With 
the  Romberg  test  the  tremor  subsided.  He 
said  that  when  he  was  excited  he  was  almost 
unable  to  speak.  He  acknowledged  feeling 
greatly  discouraged  and  blue.  He  said  that 
he  sometimes  had  attacks  of  dizziness,  which 
cleared  quickly  but  which  had  once  or  twice 
caused  him  to  fall.  He  said  that  he  slept 
well;  that  he  wa.s  often  so  fatigued  bj'  work 


that  lie  "can  hartUy  walk  home."  There  was 
a  slight  Dupuytren's  contraction  of  the 
fourth  finger  of  both  hands. 

It  was  difficult  to  obtain  his  blood  pressure 
because  of  the  marked  tremor  of  the  arm. 
Systolic  pressure  was  130 ;  diastolic,  84. 

X-ray  examination  disclosed  a  slight  in- 
crease of  the  hilus  shadows  within  normal 
limits. 

Case  58.  History. — This  workman,  an 
American  of  Irish  parentage,  a  widower,  aged 
62,  had  been  employed  as  a  mixer  in  the  blow- 
ing room  for  thirty-three  years.  He  gave  a 
historj'  of  scarlet  fever  in  childhood,  with 
subsequent  partial  deafness.  He  denied  hav- 
ing had  venereal  disease. 

He  had  worn  glasses  for  twenty-five  years. 
For  one  year  previous  to  this  examination  he 
had  had  marked  occipital  headache  and  tin- 
nitus. He  complained  of  frequent  toothache, 
and  of  soreness  of  the  tongue,  but  gave  no 
history  of  metallic  taste,  dryness  of  the  throat, 
or  sore  throat.  He  said  that  he  had  noticed 
salivation,  and  that  his  pillow  became  stained 
from  it.  He  stated  that  he  had  occasional 
colds  and  cough  with  sputum.  He  had  no- 
ticed palpitation  but  no  dyspnea  nor  cyano- 
sis. He  complained  of  edema  of  the  feet  in 
the  morning.  His  appetite  was  good  and  he 
was  not  troubled  with  indigestion.  His  bowels 
moved  with  laxatives.  He  said  that  he  had 
nocturia  two  or  three  times,  and  that  occa- 
sionally he  had  hematuria. 

Physical  Examination. — This  workman's 
skin  was  clear  and  pale,  and  he  appeared  to 
be  fairly  well  nourished.  He  had  one  molar 
and  many  roots  left.  He  had  marked  pyor- 
rhea :  his  gums  showed  a  dai-k  line,  but  the 
markings  were  not  punctate.  The  mucosa 
was  cyanosed.  There  was  a  slight  tremor  of 
the  tongue  and  a  moderate  coating.  No 
adenopathy  was  recorded.  Examination  of 
the  lungs  gave  negative  findings.  The  heart 
was  found  to  be  enlarged  toward  the  left  side. 
and  aortic  second  sound  accentuated.  The 
pulse  was  124.  Examination  of  the  abdomen 
was  negative. 

There  was  marked  tremor  of  the  extremi- 
ties, especially  of  the  legs.  Vertical  oscilla- 
tions were  noted  when  he  seated  himself.  He 
unbuttoned  his  clothing  with  ease,  but  found 
it  difficult  to  touch  the  end  of  a  pencil  with 
his  finger.  About  seven  months  previous  to 
this  examination  he  had  left  work  because  of 
the  ".shakes,"  and  had  been  on  crutches  for 
three  months.  Fibrillary  twitching  was  pres- 
ent. The  power  of  the  flexors  of  the  fore- 
arms was  fair;  the  power  of  the  extensors, 
poor.  The  knee  jerks  were  present;  Rom- 
berg test  was  positive.     He  snid  that  he  had 
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noticed  formiL-ation.  Of  late  lie  had  been 
somewhat  discouraged  and  depressed.  Pol- 
io-wing a  quick  movement  he  would  become 
dizzy,  and  would  almost  fall.  He  said  that 
he  slept  well. 

S.ystolic  blood  pressure  was  220 ;  diastolic, 
150.  The  urine  showed  a  slight  trace  of 
albumin. 

X-ray  examination  showed  marked  hilus 
infiltration,  increased  soft  glands,  and  mot- 
tling scattered  throughout  both  chests.  The 
left  upper  lobe  of  the  lung  was  distinctly 
dull.     The  findings  resembled  tuberculosis. 

Summary 


1.  This  article  gives  a  presentation 
of  the  findings  of  the  examinations  of 
one  hundred  hatters'  fur  workers,  hat 
makers,  and  finishers  of  varying  ages, 
nationalities  and  occupations,  most  of 
whom  considered  themselves  in  reason- 
ably good  liealth. 

2.  A  number  of  cases  of  heavy  cal- 
luses of  the  hands  and  of  Dupuytren's 
contraction  were  observed. 

3.  No    cases    of    active    tuberculosis 


were  recognized.  Eadiographs  of  56 
per  cent,  of  the  group  disclosed  no 
notable  incidence  of  serious  pulmonary 
disease. 

4.  In  39  per  cent,  of  the  cases  the 
systolic  blood  pressure  was  found  to  be 
abn(U'mally  high. 

5.  Certain  accepted  evidences  of  mer- 
curialism,  especially  tremor  and  psychic 
irritability,  were  frequently  encoitntered. 
Forty-three  per  cent,  of  the  group  were 
considered  to  be  in  some  degree  poi- 
soned by  mercury. 
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THE  incidence  of  phthisis  among 
boot  and  shoe  makers  is  common- 
ly Taiown  to  be  high,  and  various  rea- 
sons have  been  put  forward  in  explana- 
tion. Gold  miners,  masons,  and  other 
workers  in  silicious  materials,  however, 
have  a  much  higher  phthisis  mortality, 
which  has  l)een  shown  to  be  due  to  the  in- 
halation of  silica  dust  (1).  The  inhala- 
tion of  this  dust  is  followed  by  a  fibrous 
condition  of  the  lungs,  laiown  as  silicosis  : 
this  fibrosed  lung  in  time  becomes  infect- 
ed with  the  tubercle  bacillus.  Silicosis, 
howe^'er,  can  only  be  brought  about  by 
the  inhalation  of  free  silica,  Si02;  com- 
bined silica  is  -without  effect — clay  which 
contains  50  per  cent,  or  more  silica  is 
quite  innocuous,  the  silica  being  com- 
bined with  alumina.  Obviously,  then,  it 
is  free  silica  which  must  be  looked  for 
in  indiistrial  dusts;  an  analysis  which 
simply  gives  the  total  silica  content  is 
useless.  As  silica  is  by  no  means  an  un- 
common substance,  industrial  physicians 
may  naturally  harbor  the  idea  that  an 
excessive  amount  of  siKca  may  be  pres- 
ent in  the  dust  of  boot  and  shoe  facto- 
ries, and  may  be  the  cause  of  the  high 
phthisis  rate  in  that  industry. 

Silicosis  has  also  been  advanced  as  a 
cause  of  printers'  phthisis.  Roos  (2) 
investigated  the  dust  from  printers' 
workrooms  and  found  small  amounts  of 
silica  present,  but  less  than  in  the  dust 
of  living  rooms.  He  therefore  conclud- 
ed that  silica  was  not  responsible  for 
printers'  phthisis. 

Through  the  kindness  of  Dr.  R.  Pratt 
of  Leicester,  an  opportunity  arose  to  in- 
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vestigate  the  dust  from  a  large  boot  and 
shoe  factory,  and  also  from  a  hosiery 
factory,  in  that  town.  The  hosiery  indus- 
try, it  should  be  noted,  has  not  a  high 
phthisis  rate. 


Examination   of  Dust  from  Boot  and 
Shoe,  and  Hosiery  Factories 

Of  the  samples  of  dust  sent  to  the 
laboratory  from  the  factories,  most 
stress  was  laid  on  those  which  came 
from  the  roof  beams  and  the  blades  of 
the  exhaust  ventilating  fans.  Micro- 
scopic examination  of  these  samples 
showed,  in  every  case,  the  presence  of 
a  few  sharp-edged  particles  which  were 
believed  to  be  sand.  The  analyses,  ex- 
cept that  of  the  free  silica,  were  carried 
out  by  standard  methods.  There  is  no 
very  satisfactory  chemical  method  of 
determining  free  silica  in  a  mixture  con- 
taining much  combined  silica,  and  a  me- 
chanical method  of  separation  was  there- 
fore used,  the  dust  being  separated  in- 
to various  fractions  by  shaking  with 
water  and  by  partial  sedimentation.  By 
determining  the  total  amount  of  silica 
in  the  various  fractions,  it  was  possible 
to  calculate  approximately  the  amount 
of  free  silica.  A  fraction  containing  90 
per  cent,  total  silica,  for  example,  nec- 
essarily consisted  almost  entirely  of 
free  silica.  The  other  inorganic  bodies 
present  were  largely  iron  and  alumina. 

Table  1  shows  the  results  obtained 
from  the  analysis  of  the  dust  of  the  two 
factories  investigated.  It  will  be  seen 
from  this  table  that  the  dust  from  the 
"phthisis"  boot  and  shoe  factory  con- 
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tained  no  more  free  silica  than  that  from 
the  "non-phthisis"  hosiery  factory. 
Probably  the  silica  found  was,  for  the 
most  part,  brought  into  the  factory  on 
the  workers'  boots. 

By  way  of  comparison  with  these  re- 
sults, some  samples  of  dust  from  our 
laboratory  shelves,  etc.,  were  analyzed 
and  were  found  to  contain  16  per  cent. 


no    part 
phthisis. 


in    boot    and    shoe    makers' 


Summary 


1.  Pulmonary  silicosis,  the  fore-run- 
ner of  tuberculous-silicosis,  follows  only 
ui3on  the  inhalation  of  the  dust  of  free 
silica. 


-RESULTS    OBTAINED    FROM    ANALYSIS    OF    DUST    SAMPLES    FROM    BOOT    AND 
SHOE,   AND   HOSIERY   FACTORIES 

Composition  of  Dust 


Factory 

Boot  and  Shoes 
Boot  and  Shoe 
Boot  and  Shoe 
Hosiery 
Hosiery 
Hosiery 


Source  of  Dust 

finishing  room :  exhaust  tan  blades 

finishing  room :  beams 

floor  sweepings :  average  of  various  rooms 

winding  room :  beams 

main  producing  room :  exhaust  fan  blades 

main  producing  room:  beams 


Organic 

Total 

Free 

Phthisis 
Death 

Matter 

Silica 

Silica 

Ratei 

% 

% 

% 

62 

10.4 

3.0 

235 

58 

18.6 

4.2 

235 

51 

18.4 

5.1 

235 

51 

20.5 

8.0 

176 

71 

8.2 

4.0 

176 

60 

16.5 

6.1 

176 

iStandardized  mortality  rates. 

-A  sample  of  leather  tlust  from  the  finishing    ri: 

total  silica  and  7  per  cent,  free  silica. 
Sir  James  Crichton-Browne  found  21 
per  cent,  silica  in  dust  taken  from  the 
top  of  a  wardrobe  in  a  London  house. 
There  is,  in  fact,  some  silica  in  all  dusts. 
This  is  not  surprising,  however,  con- 
sidering the  wide  distribution  of  the 
substance. 

From  the  results  of  this  investigation, 
it  must  be  concluded  that  silica  plays 


run  showed  only  0.17  per  cent,  total  silica. 

2.  Silica  is  not  responsible  for  print- 
ers' phthisis. 

3.  The  amount  of  free  silica  found  in 
dust  from  a  boot  and  shoe  factory  does 
not  exceed  that  in  dust  from  a  hosiery 
factory,  from  a  laboratory,  or  from  a 
London  house. 

4.  Evidence  does  not  place  the  re- 
sponsibility for  boot  and  shoe  makers' 
phthisis  upon  silica. 
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Resume  of  Points  for  Consideration 

1.  There  is  a  great  diversity  in  the 
death  rates  on  the  various  coal  fields 
not  fully  accounted  for  by  local  non- 
industi'ial  influences. 

2.  This  diversity  is  mainly  accounted 
for  by  the  fact  that  the  fields  with  higher 
death  rates  experience  higher  mortality 
rates  from  phthisis,  pneumonia,  bron- 
chitis, and  accidents. 

3.  The  mortality  from  phthisis,  while 
varying  considerably  on  the  different 
fields,  is  low  on  all  fields. 

4.  Men  at  the  coal  face  as  life  pro- 
gresses suffer  more  from  phthisis  than 
others  employed  in  the  mining  industry ; 
the  only  exceptions  are  found  in  Mon- 
mouthshire and  South  Wales  and  in 
Nottingham  where  this  occupational 
group  suffers  less  than  the  other  two 
groups. 

5.  Pneumonia  is  in  excess  on  certain 
coal  fields,  notably  in  Lancashire. 

6.  The  tendency  is  for  pneumonia, 
when  in  excess,  to  affect  men  at  the  face, 
but  an  exception  is  found  in  Monmouth- 
shire and  South  Wales  and  in  Notting- 
ham where  this  group  suffers  less  from 
the  disease  than  the  other  two  groups. 

7.  There  is  a  tendency  for  a  high 
death  rate  from  pneumonia  among  both 
groups  of  men  employed  under  ground 
to  be  closely  associated  with  a  compara- 
tively high  death  rate  from  phthisis. 

8.  Bronchitis  also  is  found  with  a 
wide  range  of  mortality  rates  which  fre- 


quently exceed  the  standard,  the  excess 
being  most  pronounced  where  the  mor- 
tality rates  from  phthisis  and  pneu- 
monia are  high. 

9.  Generally  speaking,  the  tendency 
is  for  bronchitis,  when  in  excess,  to 
affect  men  at  the  face  particularly  late 
in  life. 

10.  The  accident  rates  are  high  on  all 
coal  fields,  and  the  fields  with  high  mor- 
tality rates  from  other  causes  experience 
high  accident  rates. 

11.  The  outstanding  feature  of  the 
accident  mortality  is  the  way  in  which 
it  groups  the  fields  in  an  order  similar 
to  that  established  by  mortality  from 
the  respiratory  diseases. 

12.  Others  below  ground  succumb 
from  accidents  more  than  either  of  the 
other  groups.  Men  at  the  coal  face 
come  second.  On  two  fields  where  the 
accident  rate  is  low — Nottingham,  and 
Durham  and  Northumberland — the  posi- 
tion is  reversed. 

13.  Men  at  the  face  in  Monmouth- 
shire and  South  Wales  in  relation  to 
the  other  two  occupational  groups  of 
that  field  present  an  exception  in  that 
the  mortality  rates  from  phthisis,  pneu- 
monia, and  accidents  are  all  compara- 
tively lower  than  on  other  fields. 

Discussion 

The  outstanding  features  of  the  points 
enumerated  are  (a)  the  way  in  which 
the  four  causes  of  death  considered  are 
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either  all  high  or  all  low  on  any  given 
«oal  field ;  {b)  the  way  in  which  the  rela- 
tive position  of  the  three  occupational 
groups  with  respect  to  the  four  causes 
of  death  is  maintained  on  the  different 
fields;  and  (c)  the  fact  that  when  an 
exception  occurs,  as  in  Monmouthshire 
and  South  Wales  and  in  Nottingham,  the 
tendency  is  for  all  four  causes  of  death 
to  be  affected.  The  deductions  follow 
that  there  must  be  some  common  factor 
or  factors  (1)  which  influence  these  four 
causes  of  death;  (2)  which  vary  in  in- 
tensity on  the  different  fields;  (3)  which 
exert  a  cumulative  effect  increasing  in 
power  with  length  of  occupation;  (4) 
wliich  affect  men  at  the  face  more  than 
others;  but  (5)  which  in  Momnouth- 
shire  and  South  Wales  affect  men  at  the 
face  less  than  others. 

Phthisis  and  Respiratorrj  Diseases 

Special  consideration  may  first  be 
given  to  the  mortality  from  phthisis 
because  something  is  knowai  of  the  in- 
fluences which  determine  it. 

Phtliisis,  or  pulmonary  tuberculosis, 
is  an  infectious  disease  transmitted  from 
person  to  person.  Its  prevalence  is  in- 
fluenced by  (a)  aggregation  of  individ- 
uals, which  increases  opportunities  for 
passing  on  infection;  (b)  general  per- 
sonal health  or  power  of  resisting  infec- 
tion; and  (c)  exposure  to  the  inlialation 
of  silica  dust,  which  has  a  peculiar 
capacity  for  sensitizing  the  tissues  to 
tuberculous  infection. 

(a)  Coal  mining  does  not  bring  work- 
ers together  as  do  industries  like  tail- 
oring, bootmalcing,  and  printing,  in 
which  phtliisis  is  unduly  prevalent;  nor 
is  there  any  marked  difference  between 
the  aggregation  of  workers  on  the  dif- 
ferent coal  fields,  or  in  the  different 
occupational  groups  considered.  This 
influence,  if  it  plays  any  part  in  this 


industry,  may  be  a  contributory  in- 
fluence determining  why  the  industry  as 
a  whole  exijeriences  a  low  mortality 
from  the  disease. 

(b)  An  important  industrial  influence 
aft'ecting  health  is  ventilation,  and  if  the 
South  Wales  field  were  unique  in  em- 
ploying the  longwall  method  of  coal  get- 
ting in  which  the  man  at  the  face  gets 


TAIil-K  IC,.— MEDIAN  AGE  AT  DEATH  FKOM 
PHTHISIS  AMONG  COAL  MINEii.'^.  AGED 
15  YEARS  AND  OVER.  DISTRIBUTED  AC- 
I'ORDING  TO  OCCUPATION  1 


Cnnl    Field 

Workers 
at 
En  00 

Others 
below 
Ground 

Workers 
above 
Ground 

Nottiugbamshire 

.30 
35 

34-33 

37 
36 
41 
41' 
37-3S 

2.S 
19 

26-27 

37-3S 

22-23 

21 

32 

30-31 

24 
30 

Nortbumberla  nd 

and 

24 

Xlonmoutbshire  and 

40^1 

34 

27 

29 

England   and   W; 

les. . 

31 

1  The  data  of  this  table  have  not  been  standard- 
ized for  age  disti-ibution  of  the  occupational  groups. 

better  ventilation  than  in  the  pillar  and 
stall  method,  this  influence  might  ac- 
count for  the  phenomena  noted;  but  in 
fact  this  is  not  so.  There  is  no  reason 
for  supposing  that  the  general  personal 
health  of  workers  on  the  various  fields 
or  among  the  various  occupational 
groups  on  the  same  field  differs  in  a  way 
which  would  account  for  the  facts. 

(r)  The  question  of  the  inhalation  of 
silica  dust  calls  for  careful  considera- 
tion. The  coal  measures,  particularly 
the  strata  intervening  between  the  coal 
seams,  are  known  to  contain  definite 
amounts  of  silica,  the  dust  of  which, 
when  inhaled,  has  been  shown  to  set  up 
in  tlie  lungs  a  form  of  fibrosis  known  as 
silicosis.  Persons  with  silicosis  are  par- 
ticiUarly  liable  to  succumb  to  pulmonary 
tu))erculosis,  and  then  their  deaths  are 
ascribed  simply  to  phtliisis. 
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TABLE   17.- MEAN  AXXTAL   DEATH   RATE  OF  COAL  MINERS  FROM  BRIGIITS  DISEASE' 


(a)    n'orticrs  nt  tlic  Face 


Northumberland  and 
Durham    

Lancashire     

Yorkshire j 

Derbyshire 

Nottinahamshire    .  . . 

Staffordshire 

Monmouthshire  and 
South   Wales    .... 

Other  districts 

England  and  Wales 
(all    districts) .... 


0.152 
0.139 
0.223 
0.141 


0.012 
0.093 


0.053 


0.150      0.085      0.209      0.435      1.795      2.755      2.137 


0.049 
0.060 


0.098 
0.103 

0.058 

0.126 

0.133      0.063 

0.045 

0.042      0.112 

0.051      0.081 


0.315 
0.248 
0.2S1 
0.173 
0.1C3 

0.125 
0.214 


0.398 
0.2S9 
0.695 
0.100 
0.323 

0.337 
0.264 


1.753 
1.229 

1.053 
1.382 
0.474 

1.254 

0.884 


3.152 
2.876 
4.826 
1.605 
0.812 

1.S16 
3.911 


2.874 
1.787 


3.195 


0.730 
4.357 


0.403 
0.442 
0.322 
0.379 
0.223 
0.219 

0.157 
0.354 


0.37 
0.38 
0.32 
0.37 
0.21 
0.18 

0.21 
0.31 


0.210      0.302       1.306      2.731      2.161 


(b)    Oilier  Workci-fi  hcUiir  (1  round 


Northumberland  and 
1  lurham    

Lancashire     

Yorkshire 

Derbyshire 

Nr.ttlnsihamshire    . . . 

Staffordshire 

Monmouthshire  and 
South   Wales    .... 

Other  districts 

England  and  Wales 
(all    districts) .... 


0.075 
0.049 
0.04S 


0.«;3 
0.132 
0.218 


0.120      0.037      0.174 


0.196 

0.122 
0.757 
0.571 
0.263 

0.390 
0.203 


0.475 
0.761 
0934 
0.631 
0.901 
0.462 

0.795 


0.693 

8.714 
3.175 


2.349 

1.76S 


S.081 
5.747 


0.116 
5.555 


0.016      0.070      0.032      0.125      0.250      0.607       1.835      5.964 


158 
078 
101 
186 
170 
088 

235 
099 


0.19 
0.11 
0.15 
0.36 
0.29 
0.13 

0.25 
0.11 


([•)   Worl;crs  (ihorc  Ground 


Northumberland  and 
Durham    

Lancashire     

Yorkshire 

Derbyshire 

Nottinshanishire    . . . 

Staffordshire 

Monmouth.shire  and 
South  Wales    .... 

Other  districts 

England  and  Wales 
(all    districts) .... 


0.2SS      0.941      0.418     12.821 


0.109      0.136 


0.30.5 

0.039 0.037      0.090      0.258      0.9.5.S      1.700      4,016 


0.225 

1.479 

0.733 

7.407 

0.264 

0.18 

0.547 

1.120 

1.961 

6.289 

0.310 

0.28 



0.487 

2.8!5 



0  107 

0.11 



0.G87 

1.48S 



0.147 

0.08 

0.355 

-- 

3.003 

0.247 

0.16 

0.278 

1.580 

3.106 

0.397 

0.2S 



0.038 

4.762 



0.081 

0.13 

iFor  the  purpose  of  standardization,  the  age  distribution  of  the  coal  miners  in  each  district  and  oc- 
cupation has  been  assumed  to  be  identical  with  that  of  all  coal  miners  in  all  occupations  in  England 
and  Wales. 
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The  suggestion  that  tuberculous  sili- 
cosis may  account  for  the  diversities  in 
the  prevalence  of  phthisis  found  among 
coal  miners — even  though  it  may  be 
considerably  less  common  among  coal 
miners  than  among  tin  miners,  stone 
masons,  and  others — necessitates  refer- 
ence to  tliis  disease.  The  Royal  Com- 
mission on  Metalliferous  Mines  and 
Quarries,  when  discussing  this  disease, 
summarizes  the  question  in  these  words : 

If  in  any  class  a  high  death  rate  from 
pulmonary  tuberculosis  is  found  occurring 
at  a  later  period  of  life  than  is  usual  for  pul- 
monary tuberculosis,  and  if  this  high  death 
rate  is  associated  with  a  high  death  rate  from 
other  respiratory  diseases,  then  this  class  is 
exposed  to  the  inhalation  of  injurious  dust. 

The  first  criterion,  then,  is  that  the 
disease  must  occur  at  a  later  period  of 
life  than  is  usual.  A  simple  elTort  to 
test  this  point  is  shown  in  Table  16.  Al- 
though the  data  given  in  this  table  can- 
not be  taken  as  more  than  suggestive, 
owing  to  the  complication  of  unequal  age 
distribution  in  the  occupational  groups 
on  the  different  fields,  the  tendency  dis- 
played is  for  men  at  the  face  (who  have 
been  found  to  suffer  most  from  phthi- 
sis), when  dying  of  phthisis,  to  be  dis- 
tinctly older  than  members  of  either  of 
the  other  occupational  groups;  for  this 
difference  to  be  most  pronounced  on  the 
fields  where  phthisis  is  most  prevalent ; 
and  for  this  difference  not  to  be  found 
in  Momnouthshire  and  South  Wales.  So 
far,  then,  as  the  data  may  be  relied  upon, 
the  records  stand  the  first  test. 

The  second  criterion  associates  the 
death  rate  from  pulmonary  tuberculosis 
with  a  high  death  rate  from  other  res- 
piratory diseases.  The  examination  of 
mortality  data  already  made  has  shown 
that  the  prevalence  of  phthisis  varies 
on  the  different  fields  with  the  preva- 
lence of  the  other  respiratory  diseases, 
pneumonia  and  bronchitis;  and,  further, 


that  the  same  thing  holds  good  for  the 
occupational  groups  concerned.  The 
second  test  also  is  thtis  complied  with. 

AYhile  the  suggestion  put  forward  may 
explain  the  unequal  distribution  of 
phthisis  on  the  coal  fields,  it  does  not 
necessarily  cover  the  whole  case  in  re- 
gard to  "other  respiratory  diseases," 
including  pneumonia  and  broncliitis. 
These  diseases  may  result  from  other 
causes  than  exposure  to  silica  dust,  as, 
for  instance,  from  exposure  to  other  in- 
soluble dusts  arising  from  basalts  and 
the  like,  or  to  sudden  changes  of  tem- 
perature due  to  keen  drafts  in  the  main 
ingoing  air  ways,  or  on  the  surface. 
Prevalence  of  "other  respiratory  dis 
eases,"  not  associated  in  any  way  \\ith 
the  prevalence  of  phthisis,  may  be  due 
to  such  causes ;  but  from  the  series  of 
mortality  data  now  under  consideration 
no  definite  conclusions  as  to  the  in- 
fluence of  such  exposures  can  be  drawn. 

If  investigation  should  prove  that  coal 
on  the  South  Wales  field  either  contains 
btit  little  silica,  or  is  got  by  the  man  at 
the  face  with  a  mininmm  disturbance  of 
the  intervening  strata;  and  that  in  the 
Derbyshire  and  Nottinghamshire  fields 
the  amount  of  silica  present  in  the  coal 
measures  is  less  than  on  the  other  fields, 
we  should  be  justified  in  holding  expos- 
ure to  dust  inhalation  to  be  an  impor- 
tant influence  underlying  the  diverse 
mortality  rates  from  phthisis,  pneu- 
monia, and  bronchitis,  found  to  exist  on 
the  different  fields. 

B  rlgh  t's  D  iseas  c 

There  still  remains  a  further  statisti- 
cal test:  Occupational  groups  exposed 
to  the  inhalation  of  silica  dust  have  been 
noted  to  experience,  in  addition  to  an  ex- 
cessive mortality  from  phthisis  and 
other  respiratory  diseases,  a  high  mor- 
tality from  Bright 's  disease,  which  may 
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be  attributed  to  the  same  cause.  The 
number  of  deaths  occurring  from  this 
disease  among  coal  miners,  when  di.stril)- 
uted  by  coal  tield  and  occupation,  is  too 
small  to  furnish  reliable  death  rates; 
hence  small  differences  in  the  standard- 
ized death  rates  must  not  be  depended 
upon.  Further,  the  death  rate  from 
phthisis  among  coal  miners,  which  is 
uniformly  low,   suggests   that  if   silica 


drawn  from  the  data  of  Table  17  that 
some  relation  exists  between  the  death 
rates  from  phthisis  and  from  Bright 's 
disease.  Thus,  workers  at  the  face  on 
all  coal  fields,  who  experience  more 
phthisis  than  the  other  two  occupational 
groups,  are  also  found  suffering  a  higher 
mortality  from  Bright 's  disease.  When 
the  separate  coal  fields  are  considered, 
however,  the  death  rates  from  Bright 's 


TABLE    18.— AVERAGE    DEPTHS    OF   WORKING.S     IN    COAL    FIELDS    OF    UNITED    KINGDOM 
(HASEI)  OX  DEPTHS  OF  SHAFTS) 

Division  Coax,  Fiki.i)  Average  AVokki.ng  Depth 

Feet 

Ndi'tUeni  Dirision  L'umlierlaud    900 

Durham     SUO 

Vorthuniberland  4(K) 

£ork  and  N.  Midlaud  Division  Derbyshire 922 

Nottinghamshire     l._23 

Torlvshire    1.220 

Lancashire,  N.  Wales  and  Ireland  Division    Cheshire    420 

Lancashire     1,500 

i  leiilii^'h     . 1,020 

Flint     450 

Irclaiia 135 

South  Wales  Division  Soutli  Wales  and  Monmouth 1.C.50 

Midland  and  Southern  Division  Bristol     1.200 

Derbyshire    (South)    090 

Forest  of  Dean    750 

Kent     1.050 

Leicester <HiO 

Shropshire    750 

Somerset   1,080 

r  North     1,500 

Staffordshire  \  South 420i 

I  Cannock  Chase  900 

Warwick     1,500 

1  This  averaae  is  apart  from  three  of  the  lar,i;est  pits — namely,  Hamstead  2.100  feet  deep:  Sandwell 
Park  2.340  feet  deep:  and  Baggeridge  1.950  feet  deep. 


dust  exerts  any  influence,  this  influence 
is  not  a  powerful  one — in  other  words, 
the  amount  of  silica  inhaled  must  be 
small;  or,  that  there  is  present  some 
counteracting  influence  minimizing  the 
tendency  of  silica  dust  to  pave  the  way 
for  tuberculous  infection,  which  in- 
fluence may  or  may  not  counteract  the 
tendency  of  silica  to  affect  the  kidneys. 
Nevertheless,   the   deduction   may   be 


disease  among  men  at  the  face  are  found 
to  fall  into  two  groups  ;  one  group,  which 
includes  Lancashire,  Durham  and  North- 
umberland, Derbyshire  and  Yorkshire, 
stands  above  and  distinct  from  the  other 
group,  which  includes  Nottinghamshire, 
South  Wales,  and  Staffordshire.  The 
first  group  of  four  includes  three  fields 
— i.e.,  Yorkshire,  Lancashire  and  Dur- 
ham,  and   Northumberland,   whicli,   for 


312 


THE    JOURNAL    OF    INDUSTRIAL    HYGIENE 


this  group  of  workers,  stood  highest  in 
phthisis  mortaUty;  while  the  lower 
group  of  three  includes  two  fields,  Not- 
tinghamshire and  South  Wales,  which 
stood  lowest. 

For  others  below  ground  the  only 
notable  point  is  that  for  Nottingham- 
shire and  South  Wales,  where  the 
phthisis  mortality  of  this  occupational 
group  was  found  to  be  unusual  in  being 
higher  than  that  among  men  at  the  face, 
the  mortality  from  Bright 's  disease  fol- 
lows the  same  course. 

Probably  this  is  as  far  as  the  available 
data  permit  this  test  to  be  applied,  and 
all  that  can  be  said  is  that  the  test  is  not 
unfavorable  to  the  suggestion  that  ex- 
posure to  dust  of  silica  may  exert  an 
influence  on  the  mortality  from  respira- 
tory diseases  among  coal  miners. 

Accidents 

The  causation  of  accidents  in  mines, 
since  it  is  kno^vn,  may  be  expected 
to  throw  some  light  on  the  whole 
matter.  Two  kinds  of  accidents,  ex- 
plosions and  falls  of  ground,  are  pecu- 
liar to  the  mining  industry.  Explosions 
which  lead  to  great  disasters  are  fortu- 
nately sufficiently  exceptional  to  permit 
them  to  be  disregarded  for  the  moment, 
although  the  presence  in  the  workings  of 
gases  which  give  rise  to  these  explosions 
cannot  l)e  quite  disregarded  in  view  of 
the  somewhat  remote  possibility  of  these 
gases  affecting  the  worker's  health 
when  inhaled  over  long  periods  of  time. 
The  other  most  distinctive  cause  of  min- 
ing accidents  is  falls  of  ground  —  a 
cause  which,  in  1911,  a  year  in  which 
there  was  no  great  disaster,  was  respon- 
sible for  50.4  per  cent,  of  all  accidents 
on  English  and  Welsh  coal  fields.  Falls 
of  ground  mainly  concern  men  at  the 
face,  and  otlier  forms  of  accidents  con- 
cern the  other  workers;  but  since  there 


are  more  men  employed  at  the  face  than 
elsewhere  (510,282  in  all  districts,  com- 
pared with  350,549  for  others  below 
ground  and  w^orkers  above  ground  taken 
together^),  the  accident  rate  so  caused  is 
comparatively  low  for  tliis  occupational 
group.  Dust  rising  from  falls  of  ground 
can  hardly  be  looked  upon  as  being  gen- 
erated sufficiently  frequently  to  be  the 
origin  of  that  dust,  the  inhalation  of 
which  is  suggested  to  account  for  the 
prevalence  of  respiratory  diseases;  but 
if  coal  in  measures  underlying  sandy 
shales  contains  more  silica  than  coal 
underlying  a  good  sandstone  roof,  then 
some  explanation  of  the  relation  foimd 
to  exist  between  the  different  mortality 
data  would  be  forthcoming.  Falls  of 
ground  depend  upon  two  main  causes: 
(1)  the  nature  of  the  strata  overlying 
the  coal  measure  being  worked;  and  (2) 
the  amount  of  cover — i.e.,  the  depth  of 
the  worldngs. 

1.  Information  as  to  the  strata  over- 
lying coal  measures,  particularly  in 
relation  to  chemical  composition,  is 
needed.^ 

2.  The  average  depths  of  the  mines 
on  the  different  fields  have  been  recently 
obtained  by  the  Mines  Department,  and 
are  given  in  Table  18. 

GrENEEAL  Theory 

On  the  theory  now  proposed,  death 
rates  from  respiratory  diseases  would 
be  related  to  the  silica  content  of  the 
coal  worked,  and  also  of  the  roof.  Falls 
of  ground  are  related  to  the  composition 
of  the  roof  and  to  the  depth  of  the  work- 
ings. On  this  theory,  in  Soutli  Wales 
and  Nottingham,  there  should  be  little 

:$.  See  also  page  261  relative  lo  niuiiliei-  of  men 
employed   above  gro\inrl. 

4.  I  uuderstand  that  in  South  Wales  ou  parts 
of  the  tield  tlie  roof  is  foriiM>d  of  smulstone,  the 
rennnnt  seam,  which  provides  a  fairly  stable  roof; 
l)iil  on  oilier  coal  lields  sandy  sliales  more  fre- 
qiinil  ly  loi  in  the  roof. 
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siUca  in  the  coal,  and  a  good  sandstone 
roof;  this  roof  should  be  ripped  by 
a  group  of  men  (included  among  others 
below-  ground),  who,  being  thus  exposed 
to  injurious  dust,  suffer  more  from 
phthisis,  pneumonia,  and  bronchitis.  In 
Yorkshire  the  coal  should  contain  some 
silica,  but  the  roof  should  be  of  shales. 
In  Lancashire  coal  should  contain  rather 
less  silica  than  the  coal  in  Yorkshire, 
but  the  roof  should  be  of  a  rather  in- 
secure sandstone.     In  Derbyshire  there 


should  not  be  much  silica  in  the  coal  or 
in  the  roof  (unless  there  is  very  little 
roadripping).  The  mortality  for  Dur- 
ham and  Northumberland  is  stated  to- 
gether, but  the  Durham  field  appears, 
from  the  depth  of  the  workings,  to  dif- 
fer from  the  Northumberland  field ;  sim- 
ilarly, the  various  parts  of  Staffordshire 
(mortality  for  which  is  given  as  a  whole) 
differ  considerably  in  the  workings;  no 
suggestions  are,  therefore,  hazarded  as 
to  the  geology  of  these  fields. 
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Plluxg  To<;bmiER.  By  John  T.  Broderick.  Cloth. 
Pi).  141  and  introductiou  and  table  of  contents. 
Schenectady.  X.  Y. :  Robson  &  Adee,  1922. 

To  say  that  the  141  pages  of  "Pulling 
Together"  cover  the  field  of  inditstrial  rela- 
tions, conld  not,  of  course,  be  true.  There  is 
a  marked  tendency  to  stress  the  problem  of 
employee  representation,  and  other  questions 
which  are  introduced  group  themselves,  for 
the  most  part,  around  this  central  idea.  Tlie 
discussion  is,  as  might  be  expected,  quite 
sketchy.  The  writer  displays  a  naive  zest 
for  his  subject  which  would  make  the  book 
appeal  primarily  to  the  layman. 

The  text  of  the  book  is  developed  in  the 
fonn  of  a  conversation  which  is  represented 
as  taking  place  between  the  writer,  a  sales- 
man and  the  president  of  a  well-known  cor- 
poration. The  reader  is  unfortunately  im- 
pressed at  the  outset  with  a  lack  of  reality 
in  the  setting,  which  weakens  the  writer's 
natural  tendency  to  express  things  well.  The 
issues  involved  are  serious  ones.    If  the  presi- 


dent of  any  influential  corporation  was  actu- 
ally a  party  to  the  conversation  of  the  text, 
this  fact  should  not  be  left  in  doubt ;  if  the 
situation  was  fictitious,  it  seems  as  if,  just  at 
this  time,  the  writer  is  taking  an  unfortunate 
liberty  which  makes  the  reader  resentful,  even 
against  his  will. 

Aside  from  this  regrettable  defect  in  struc- 
titral  conception  many  things  are  .said  well. 
There  is  apparently  no  attempt  to  add  to 
current  thought  on  the  questions  involved. 
Those  who  know  little  of  the  current  prob- 
lems of  industrial  relations  will  do  well  to 
consider  the  writer's  arguments.  That  in- 
dustrial organization  is  at  present  viewing 
its  problems  of  industrial  relations  from  ex- 
actly the  same  angle  as  that  of  the  writer  is 
not  to  be  determined  here.  It  is  true,  how- 
ever, that  among  our  most  progressive  indus- 
tries there  has  been  a  marked  tendency  in  the 
last  few  j-ears  to  adopt  as  a  working  hypothe- 
sis the  fundamentals  which  he  advocates. — 
C.  H.  PauU. 
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"TXURING  the  last  three  years  a  iium- 
■*— '  ber  of  investigations  on  the  at- 
mospheric conditions  under  which  cer- 
tain industries  are  carried  on  have  been 
made  at  the  instance  of  the  Industrial 
Fatigue  Research  Board.  Their  value 
lies  largely  in  the  fact  that  in  all  of  them 
great  use  was  made  of  the  kata-thermom- 
eter,  an  instrument  invented  by  Dr.  L.  E. 
Hill.  This  instrument  has  been  described 
in  detail  by  Orenstein  and  Ireland 
in  a  recent  number  of  this  Journal  (1). 
For  the  present  purpose  it  is  sufficient  to 
say  that  it  measures  the  cooling  power  of 
the  air.  This  cooling  power,  as  measured 
by  the  dry  kata-thermometer,  is  depend- 
ent on  two  factors,  the  dry  bulb  tempera- 
ture of  the  air,  and  its  velocity  of  move- 
ment. By  means  of  a  simple  formula  it  is 
possible  to  calculate  the  air  velocity  in 
a  workshop  from  the  cooling  power.  The 
cooling  power  of  the  wet  kata-ther- 
mometer is  more  complicated,  as  it 
depends  on  the  evaporation  of  moisture 
from    the    surface    of    the    kata-ther- 


*Received  for  publication  June  12,  1922. 


mometer  bulb,  as  well  as  on  temperature 
and  air  movement;  but  it  has  been 
shown  by  Hill,  Vernon,  and  Hargood- 
Ash  (2)  that  the  wet  kata  cooling  power 
can  be  calculated  approximately  from 
the  wet  bulb  temperature  and  the  air 
velocity  in  accordance  with  these  formu- 
lae: 

For  air  velocities  below  1  meter  per 
second 

H'=(0.3.'3-f0.85  fv)6' 

For  air  velocities  above  1  meter  per 
second 

H'=(0.10-fl.lOf  1')^' 
where  v  is  the  air  velocity  in  meters  per 
second,  and  6'  is  the  difference  between 
36.5 °C.  and  the  wet  bulb  temperature. 

These  formulae,  and  the  correspond- 
ing dry  kata  formulae  which  are  re- 
corded bj^  Orenstein  and  Ireland,  were 
determined  by  two  independent  methods. 
In  one  of  them  the  air  movement  was 
effected  bj^  drawing  air  through  a  "wind 
tunnel"  by  means  of  a  propeller.  In 
the  other,  the  kata-thermometer  was 
clamped    to    a    metal    rod    which    was 
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revolved  in  a  horizontal  plane  at  a  known 
rate,  a  correction  being  apialied  for  the 
"swirl"  set  up.  The  two  methods  gave 
qnite  consistent  results. 

The  adequate  investigation  of  the 
atmospheric  conditions  in  a  workshop  is 
inevitably  a  laborious  process,  as  it  is 
necessary  to  make  observations,  not  only 
at  various  times  during  the  course  of  the 
Avorking  day  (and  Avorking  night  as  well 
if  there  is  a  night  shift),  but  at  vari- 
ous times  in  the  course  of  the  year, 
in  order  to  determine  the  experience 
of  the  workers  at  the  extremes  of  heat 
and  cold  to  Avhich  they  are  subjected  in 
the  course  of  their  daily  round  of  work. 
In  addition  to  the  observations  in  the 
shops  themselves,  it  is  very  desirable  to 
make  extended  observations  in  the  air 
outside  the  shop,  for  the  importance  to 
be  attached  to  a  given  kata-thermometer 
value  depends  greatly  on  the  outside  air 
conditions  at  the  moment. 

The  observations  to  be  described  may 
conveniently  be  divided  into  two  groups, 
according  as  they  relate  (1)  to  work- 
shops where  the  nature  of  the  industrial 
processes  carried  on  does  not,  or  should 
not,  interfere  Avith  the  atmospheric  con- 
ditions to  such  an  extent  as  to  preA^ent 
the  attainment  of  what  is  regarded  as 
a  normal  standard;  and  (2)  to  shops 
Avhere  the  industrial  processes  are  such 
that  the  usual  standards  haA^e  to  be 
relaxed  to  some  extent. 

Workshops  avith  Norjial  Atmospheric 
Conditions 

At  the  present  stage  of  our  iiiA'estiga- 
tions,  the  word  "normal"  is  necessarily 
someAvhat  indefinite,  for  there  is  no  gen- 
eral agreement  as  to  what  constitutes 
normality.  Dr.  L.  E.  Hill  considers  that 
the  dry  kata  cooling  power  ought  to  be 
6  or  more,  and  the  Avet  kata  poAver,  18  or 


more.  These  are  coiiA'enient  standards 
Avhich  may  be  accepted  for  most 
purposes ;  but  Avith  high  outdoor  tem- 
Ijeratures  some  relaxation  may  be  neces- 
sary. Such  relaxation  is  most  easily 
determined  by  considering  the  tempera- 
ture and  the  degree  of  air  moA'ement 
independently. 

Firstly,  therefore,  Ave  liaA^e  to  decide 
Avhat  constitutes  a  normal  standard  of 
temperature  in  a  Avell-constructed  Avork- 
shop.  An  American  firm  suggested  a 
temperature  of  65°  to  67°  F.  in  shops 
Avhere  men  are  moderately  active  and 
able  to  moA'e  about,  and  a  temperature  of 
55°  to  65°  in  foundries,  smithshops  and 
carpenters'  shops,  AA'here  actiA'e  Avork  is 
the  rule.  At  an  English  factory  the 
standards  suggested  Avere  seA'eral  de- 
grees lower,  Avhile  Hambly  and  Bedford 
(3),  as  the  result  of  their  observations 
in  the  boot  and  shoe  trade,  suggested  a 
temperature  of  60°  to  65°  for  an  actiA'e 
operation  such  as  sole-cutting.  Vernon 
and  Bedford  (4)  suggested  a  similar 
temperature  for  potters'  shops,  where 
the  Avork  is  of  a  continuously  actiA^e 
character,  though  it  is  not  heaA'y.  Such 
a  temperature  cannot  be  maintained  in 
hot  Aveather,  but  in  England  outdoor 
temperatures  aboA^e  65°  are  seldom 
obserA'ed,  except  in  the  late  morning  and 
the  afternoon,  and  as  there  is  ahvays  a 
considerable  delay  in  the  transmission 
of  heat  from  the  air  outside  to  the  air 
inside  a  substantially  built  factory,  it 
should  be  possible,  as  a  rule,  to  keep  the 
factory  temperature  only  slightly  aboA^e 
65°  Avhen  the  outdoor  temperature  is  65°. 
At  higher  outdoor  temperatures  it  is 
often  possible  to  keep  the  factory  tem- 
perature slightly  hcloiv  that  outside, 
because  of  the  delay  in  the  transmission 
of  heat.  Standards  of  factory  tempera- 
ture in  relation  to  outdoor  temperature 
are  suggested  in  Table  1. 
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Tlie  reasonableness  of  these  standards 
is  supported  by  data  adduced  by  Vernon 
and  Bedford,  which  relate  to  observa- 
tions made  in  a  fuse  factory.  One  shop 
investigated  was  about  200  feet  square, 
and  it  was  confined  to  lathe  work.  The 
temperature  near  the  center  of  the  shop 
was  taken  at  three-hour  intervals  be- 
tween 9  A.  M.  and  6  p.  m.,  for  several 
months,    and    it    was    found    that    the 

TABLE  1.— SUGGESTED  STANDARDS  OF  TEM- 
I'EUATIUE  AND  COOLIXc;  !•<  IWEU 


Dry  Kata 

Outdoor 

Indoor 

CiMiliiitc  Power 

Temperature 

Temperature 

and  Corre.sponding 
Air  Velocity 

"/•'. 

°  F. 

60  (or  less) 

62.5 

(60  to  05) 

0.0=   14  ft. 

7.0=31  ft 

65 

07.0 

6.0=  28  ft. 

,6.5=40  ft 

70 

71.0 

6.0=  42  ft. 

75 

75.0 

6.0=  94  ft. 

5.0=47  ft 

80 

79.0 

6.0=175  ft. 

5.0=97  ft 
4.0=42  ft 

average  temperature  varied  only  from 
61.5°  to  65.0°  when  the  outdoor  tem- 
perature varied  from  37°  to  57°.  At 
higher  outdoor  temjieratures  the  shop 
temperature  usually  showed  a  slight 
excess,  and  at  62°,  67°  and  71°,  it  was 
respectively  4.1°,  1.9°  and  1.2°  greater 
in  the  shop;  but  at  77°  it  was  1.4°  loiver 
in  the  shop  than  outside.  If  the  cooling 
power  is  kept  at  6.0  at  all  temperatures, 
it  follows  that  the  air  velocity  must 
range  from  14  feet  per  minute  at  a 
factory  temperature  of  62.5°  to  175  feet 
at  a  factory  temperature  of  79°.  This 
latter  air  velocity  would  be  very  difficult 
to  maintain,  and  it  has  very  seldom  been 
found  in  the  observations  hitherto  made. 
Even  velocities  of  94  to  97  feet,  which 
correspond  to  a  kata  value  of  5.0  at  79° 
and  to  one  of  6.0  at  75°,  are  seldom 
attained ;  but  the  velocity  of  47  feet, 
which  is  required  to  give  a  cooling  power 
of  5.0  at  a  temperature  of  75°,  is 
frequently  observed.  I  suggest,  there- 
fore, that  Dr.  Hill's  standard  of  6  should 


apply  only  to  outdoor  temperatures  of 
70°  or  less,  and  that  at  higher  tempera- 
tures a  standard  of  5  should  suffice,  or 
even  less  than  this  at  temperatures 
above  80°.  The  data  obtained  in  the 
workshops  of  various  industries  will  now 
be  discussed  in  the  light  of  the  suggested 
standards. 

The  Boot  and  Shoe  Industry. — This 
industry  was  subjected  to  an  extensive 
examination  by  Hambly  and  Bedford 
(3),  who  investigated  thirty -five  fac- 
tories, situated  in  seven  different  coun- 
ties. They  made  observations  at  all 
times  of  the  year ;  but  for  convenience  of 
analysis  they  divided  their  results  into 
"-ttdnter"  and  "summer"  observations, 
according  as  they  were  made  when  the 
outdoor  temperature  was  below  or  above 
50°  F.  Altogether  they  made  377  winter 
observations  and  276  summer  observa- 
tions ;  the  frequency  of  occurrence  of  the 
various  dry  kata  cooling  powers  is 
recorded  (as  percentages)  in  Table  2. 
Of  the  mnter  observations,  all  but  5  per 
cent,  showed  a  kata  cooling  power  of  6 
or  more,  and  they  may  therefore  be  re- 
garded as  satisfactory.  Of  the  summer 
observations,  37  per  cent,  had  a  lower 
cooling  power  than  6,  and  18  per  cent, 
had  a  cooling  power  less  than  5.  To  what 
extent  were  these  low  values  dependent 
on  high  outdoor  temperatures?  A  tem- 
perature of  70°  or  more  was  observed  in 
only  10  per  cent,  of  the  summer  observa- 
tions, and  a  temperature  of  80°  was 
never  observed;  hence  the  frequency  of 
occurrence  of  kata  values  below  6  was 
three  or  four  times  greater  than  that 
permitted  by  the  standards  suggested  in 
Table  1.  This  excess  of  low  values  was 
due  partly  to  the  unduly  high  shop  tem- 
peratures, and  partly  to  insufficient  air 
movement,  as  is  indicated  by  the  air 
velocities  recorded  in  Table  3.  It  mil  be 


318 


THE    JOURNAL    OF    INDUSTRIAL    HYGIENE 


seen  that  18  per  cent,  of  these  observa- 
tions show  less  velocity  than  25  feet 
per  minute,  and  60  per  cent,  of  them 
less  than  41  feet.  It  is  true  that  20  per 
cent,  of  them  showed  a  velocity  of  52 
feet  and  upwards,  or  sufficient  to  yield 
a  kata  cooling  power  of  5  at  a  tempera- 
ture of  75%  but  the  high  air  velocities 
did  not  by  any  means  always  occur  when 
the  shop  temperature  was  high,  and  ac- 
cordingly the  cooling  power  observed 
sometimes  fell  below  5,  and  even  below  4. 

In  spite  of  this  criticism,  the  at- 
mospheric conditions  observed  in  the 
boot  and  shoe  industry  must  be  regarded 
as  fairly  satisfactory,  on  the  whole.  The 
standard  of  cooling  power  attained 
applied  almost  equally  well  to  all  depart- 
ments of  the  industry,  as  the  median  ( or 
middle)  cooling  power  in  each  of  the  six 
departments  investigated  was  always  7.0 
or  more  in  winter,  and  6.2  or  more  in 
summer.  Hambly  and  Bedford  point 
out,  however,  that  this  uniformity  in  the 
atmospheric  conditions  is  contrary  to 
the  rule  that  cooling  power  ought  to  vary 
with  the  character  of  the  work  done.  For 
instance,  girls  engaged  in  the  fairly  light 
sedentary  work  of  boxing  and  treeing 
shoes  were  subject  to  lower  tempera- 
tures and  higher  cooling  rates  than  the 
men  engaged  in  rather  heavy  manual 
work. 

The  Printing  Trade. — In  the  print- 
ing works  investigated,  the  atmospheric 
conditions  were  not  nearly  so  satisfac- 
tory as  in  the  boot  and  shoe  factories. 
At  "the  request  of  Dr.  Hill,  Mr.  P.  G. 
Edge  made  observations  in  ten  printing 
works,  all  situated  in  London,  but  the 
majority  of  the  data  were  collected  in 
three  large  works.  It  will  be  seen  from 
Table  2  that  216  observations  were  made 
in  winter  (January  to  April),  and  66 
in  summer  (June  to  July).  A  cooling 
power  of  less  than  6  was  observed  in 


38  per  cent,  of  the  winter  observations, 
and  in  no  less  than  91  per  cent,  of  the 
summer  observations.  This  was  due 
largely  to  the  low  air  velocities,  for  it 
Avill  be  seen  in  Table  3  that  the  median 
velocity  was  only  20  feet  per  minute  in 
winter,  and  18  feet  in  summer,  or  not 
much  more  than  half  as  great  as  in  the 
boot  and  shoe  factories. 

The  Pottery  Industry. — Observations 
in  the  pottery  industry  were  made  by 
Vernon  and  Bedford  (4).  They  were 
confined  to  potters'  shops,  where  the 
workers  are  engaged  in  making  plates, 
cups,  saucers  and  other  articles  out  of 
moist  clay,  or  china  ' '  slip. ' '  The  articles 
made  are  transferred  immediately  to  the 
potters'  drying  stoves,  usually  situated 
in  the  middle  of  the  shops,  into  which 
they  almost  invariably  pour  out  large 
volumes  of  hot  air.  For  this  reason  the 
shops  are  nearly  always  ovei'heated,  as 
was  proved  by  making  systematic  series 
of  observations  in  winter  and  in  sum- 
mer. The  temperature  in  the  majority 
of  the  shops  was  found  to  be  from  5° 
to  9°  above  what  is  regarded  as  reason- 
able, and  in  some  of  them  the  tempera- 
ture was  over  70°  F.  for  the  larger  part 
of  the  year.  It  might  be  thought  that 
the  passage  of  heat  from  the  drying 
stoves  to  the  shop  is  unavoidable,  and 
that  the  kata  records  obtained  ought  to 
be  discussed  in  the  next  section,  under 
the  heading  of  industries  mth  abnormal 
atmospheric  conditions.  This  is  not  so, 
for  it  has  been  shown  (4)  that  the  out- 
ward passage  of  heat  is  due  to  the  faulty 
construction  of  most  of  the  stoves,  but 
that  stoves  do  exist  which  retain  prac- 
tically all  their  heat.  They  are  highly 
efficient  in  other  ways,  and  ought  cer- 
tainly to  be  installed  in  place  of  the  inef- 
ficient stoves  now  found  in  most  pottery 
works. 

Owing  partly  to  the  high  shop  tern- 
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peratures,  the  kata  cooling  power  ob- 
served in  potters'  shops  are  usually  very 
low.  As  can  be  seen  from  Table  2,  61  per 
cent,  of  the  winter  observations  and  89 
per  cent,  of  the  summer  observations 
fell  below  6.    The  median   (or  middle) 


ture.  In  Table  3  it  will  be  seen  that  the 
mean  velocities  in  winter  and  summer 
were  only  17  and  21  feet  per  minute  re- 
spectively, or  not  much  more  than  half 
those  observed  in  boot  and  shoe  shops.  A 
velocity  of  25  feet  or  more  was  observed 


TABLR  2.— FREQUENCY  OF  OCCURRENCE  OF  DRY  KATA  COOLING  POWERS 


Dry  Kata 

Cooling  Power 


Boot 
and  Shoe  Sbops 


Wiuter  |   Summer 


Printing  Works 


Winter  1   Summer 


Potters'  Shops 


Cotton 
Weaving  Sheds 


Winter  |   Summer  [Winter  |   Summer 


% 

% 

Below  4.0 

0 

S 

4  to  4.9 

1 

10 

5  to  5.9 

4 

19 

6  to  G.9 

2S 

2S 

7  to  7.9 

35 

20 

8  to  S.9 

IS 

!) 

9  or  more 

14 

0 

Median  eoi. 

ling 

ixnve 

r     7.4 

(1. 

Total   observations 

.".77 

27(i 

% 

29 
H 
26 


0 
0 

4.3 
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TABUE   3 

— FREQl'ENCY   OF   OCCURRENCE  OF  VARIOUS   AIR 

VELOCITIES 

Air  Velocity 

Boot  and  Slioe  Shops 

Printing  Works 

Potters'  Shops 

Winter  |   Summer 

Winter  |   Summer 

1       Winter  |   Summer 

ft.  per  III  in. 
Under  10 
10  to  14 
15  to  19 
20  to  24 
25  to  30 
31  to  35 
36  to  40 
41  to  51 
52  to  74 
75  or  more 

Median  air  velocity 


% 
13 

21 
17 
14 
19 
9 


% 

C 

30 

17 

16 

11 

9 

2 

3 

4 


21 
16 


Total  observations 

373                     273 

21(!                       0(1 

289                     463 

TAl'.LE   4.— OPEN   WINDOWS    AT   I'OTTERS'    SHOPS   IN   ItELATION   TO  TEMPERATURE 

Average  Temperature 

Average  temperature 
in  Shop 

Percentage  of  Window's 

Percentage 

Outdoors 

Shut     1    Half  Open       |     Ojien 

Window  Space  Open 

°  /''. 

36.3 
46.3 
55.4 
65.6 
73.5 


72.2 
7«0 
80.4 


88 
78 
48 
19 
10 


8 
11 
31 
51 
62 


cooUng  powers  came  to  5.6  and  4.5, 
respectively,  as  compared  with  values  of 
7.4  and  6.4  for  winter  and  summer  ob- 
servations in  boot  and  shoe  factories. 
The  low  cooling  power  in  potters '  shops, 
however,  was  as  much  dependent  on  de- 
ficient air  movement  as  on  high  tempera- 


only  in  18  to  38  per  cent,  of  the  observa- 
tions made.  It  might  be  thought  that 
these  low  velocities  were  dependent  on 
some  peculiarity  in  the  construction  of 
the  potters'  shops,  but  such  is  not  the 
case.  They  were  due  chiefly  to  the  wish 
of  the  potters  themselves,  as  was  proved 
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bj'  a  very  simple  method.  On  every  occa- 
sion on  which  we  made  observations  in 
the  shops,  we  carefully  noted  the  number 
of  windows  which  were  (a)  closed  com- 
pletely, (h)  half  open,  and  (c)  fully 
open.  Most  of  the  windows  were  of  the 
usual  hopper  tjT3e,  which  could  easily 
be  fixed  in  any  of  the  positions  men- 
tioned, but  if  any  of  them  were  perma- 
nently shut  up,  we  ignored  them  alto- 
gether. 

In  Table  4  are  recorded  the  average 
results  obtained  in  one  of  the  sets  of 
shops  investigated — namely,  those  pro- 
■\dded  with  "leaf"  and  "draw-out" 
stoves.  When  the  outdoor  temperature 
varied  from  30"  to  39.9°  (mean,  36.3°), 
the  shop  temperature  averaged  66.5°. 
This  was  too  cold  for  the  potters,  for  we 
see  that  on  an  average  they  opened  only 
4  per  cent,  of  their  windows  fully,  and 
8  per  cent,  of  them  to  half  their  extent. 
Roughly  speaking,  it  may  be  said  that 
the  open  space  is  only  half  as  great 
when  the  windows  are  in  the  half-open 
joosition  as  when  they  are  in  the  open 
position,  so  that  in  the  present  instance 
only  8/2+4=8  per  cent,  of  the  total 
available  window  space  Avas  opened  up. 
At  an  outdoor  temperature  of  40°  to 
49.9°  the  shop  temperature  averaged 
69.8°,  but  even  this  temperature  Avas  not 
considered  too  hot  by  the  potters,  and 
they  opened  only  11  per  cent,  of  their 
A\dndow  space.  At  shop  temperatures  of 
72.2°,  76.0°  and  80.4°  (corresponding  to 
outdoor  temperatures  of  55.4°,  65.6°  and 
73.5°),  however,  they  evidently  began  to 
think  that  it  was  rather  too  warm,  for 
they  opened  31,  51  and  62  per  cent., 
respectively,  of  their  window  space.  Yet 
even  a  shop  temperature  of  80.4°  could 
not  have  affected  them  very  much,  for 
they  still  kept  in  jut  cent,  of  their 
windows  entirely  sliut,  and  57  per  cent, 
of  them  half  shut.    Tlie  probable  reason 


is  that  they  come  to  the  works  at  the  age 
of  14,  and  they  get  so  acclimatized  to  the 
high  temperature  that  they  feel  un- 
comfortable A\dthout  it.  It  should  be 
stated  that  the  hopper  Avindows  are  so 
constructed  that  they  cause  no  draft 
when  they  are  in  the  half -open  position, 
though  they  may  do  so  when  they  are 
fully  opened. 

In  the  shops  provided  with  "dobbin" 
stoves  and  "chamber"  stoves,  the  pot- 
ters did  not  keep  the  workrooms  quite 
so  warm,  but  they  seemed  to  prefer  a 
temperature  not  much  below  70°. 

The  effect  of  opening  the  mndows  was 
to  increase  the  air  currents  somewhat, 
though  not  as  much  as  might  be  expected. 
"When  the  outdoor  temperature  was  at 
30°  to  50°,  the  air  velocity  in  the  shops 
averaged  18  feet  per  minute,  while  at 
50°  to  60°  it  was  21  feet ;  at  60°  to  70°, 
24  feet ;  and  at  70°  to  80°,  29  feet.  The 
velocity  of  the  outside  air  at  these  tem- 
perature intervals  was  204,  235,  179  and 
176  feet,  respectively. 

It  is  pointed  out  by  Vernon  and  Bed- 
ford that  in  considering  the  effective 
velocity  of  the  air  currents  impinging 
on  the  skin  surface  of  an  actively 
engaged  manual  worker,  an  additional 
factor  has  to  be  taken  into  consideration 
— namely,  the  actual  body  movements 
made.  Supposing  that  a  potter,  who  is 
working  in  an  air  current  of  20  feet  per 
minute,  has  to  move  liis  body  at  an 
average  rate  of  30  feet  per  minute  in 
order  to  carry  out  his  industrial  opera- 
tion, it  follows  that  the  effective  air 
velocity,  so  far  as  he  is  concerned,  is 
somewhere  between  10  feet  per  minute 
(when  he  is  moving  in  the  direction  of 
the  air  current)  and  50  feet  (when  he  is 
moving  against  it),  instead  of  20  feet. 
As  his  movements  are  made  at  an 
irregular  rate,  and  as  the  air  current  is 
])r(ibal)ly     variable     in     directimi     and 
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strength,  it  is  impossible  to  fix  the  effec- 
tive velocity  closely,  but  perhaps  it  is, 
in  most  potters,  about  midway  between 
the  extreme  possible  limits. 

The  cooling  effect  of  moving  air 
operates  chiefly  on  the  face  and  head,  for 
the  rest  of  the  body,  mtli  the  exception 
of  the  forearms,  is  normally  covered 
Avith  clothes.  Hence  the  observations 
made  related  to  the  head  movements  of 
the  workers,  rather  than  to  the  body 
movements.  The  method  of  procedure 
was  a  rough  and  ready  one,  but  it  gave 
consistent  results,  and  was  less  difficult 
to  carry  out  than  a  more  accurate 
method  would  have  been.  If,  for  ex- 
ample, the  movements  of  a  man  en- 
gaged in  making  plates  on  a  jolly  (a 
rapidly  revolving  wheel)  were  under  in- 
vestigation, a  fcAV  rough  measurements 
of  the  range  of  his  chief  movements  were 
first  made  with  a  2-foot  rule,  which  the 
observer  held  in  one  hand.  In  the  other 
hand  he  carried  a  stop  watch.  On  start- 
ing the  watch  he  estimated  by  eye 
(giving  an  occasional  glance  at  the  2- 
foot  rule  to  serve  as  a  standard)  the 
number  of  feet  through  Avhich  the  potter 
moved  his  head.  After  two  minutes  the 
watch  was  stopped,  and  the  number  of 
feet  moved  in  a  minute  Avas  calculated. 
Each  investigator  made  two  or  more  sets 
of  observations  on  each  worker,  and  took 
a  mean.  A  sample  series,  made  upon 
plate  makers,  will  show  the  kind  of  con- 
sistency attained.  The  observations  in 
italics  were  made  by  one  investigator, 
and  those  in  plain  figures,  by  the  other. 

Head  Movements  of  Plate  Makers 

Ft.  per  Mill.  Mean 

Male   No.    1         28  2 J,  30  29       =28") 
Male  No.  2  32  34  26  25  24=28  !„„  .    vermin 

Male  No.  3  28  21  30  29       =29  M"  "'  P*"'  ""°- 

Female  No.  1       32  37  32  =34  J 

It  Avill  be  seen  that  the  men  showed 
almost  exactlv  the  same  extent  of  head 


movement,  while  the  woman  moved 
rather  more  than  they.  The  individual 
workers  were  usually  fairly  consistent, 
but  not  always.  For  instance,  four 
saucer  makers  in  one  shop  showed  head 
movements  of  40,  43,  43  and  45  feet, 
respectively,  while  a  fifth  moved  only 
29  feet  per  minute. 

A  large  number  of  observations  were 
made  on  various  classes  of  workers,  and 
it  was  found  that  in  most  of  them  the 
head  movements  amounted  to  20  or  30 
feet  per  minute.  On  the  other  hand  the 
mould  runners,  who  have  to  carry  the 
ware  to  and  fro  between  the  potters 
and  the  drying  stoves,  averaged  70  feet 
per  minute. 

Workshops     with    Abnormal    Atmos- 
PHEEic  Conditions 

In  several  of  the  industries  investi- 
gated, the  nature  of  the  industrial  opera- 
tions is  such  as  to  necessitate  some 
departure  from  normal  atmospheric  con- 
ditions. Especially  is  this  so  in  certain 
textile  processes,  such  as  the  weaving 
of  cotton  and  linen  goods,  for  with  many 
classes  of  material  it  is  important  to 
have  a  hot  and  humid  atmosphere ;  other- 
wise breakages  of  the  yarn  are  much 
more  frequent,  and  the  quality  and 
quantity  of  the  material  woven  are  de- 
preciated. The  need  for  hot  and  humid 
air  is  recognized  by  the  Factory  Acts, 
for  the  regulations  allow  artificial 
humidification  in  cotton  cloth  factories 
so  long  as  the  wet  bulb  temperature 
does  not  exceed  75°,  and  so  long  as  there 
is  a  difference  of  at  least  2°  between  the 
wet  and  dry  bulb  temperatures  at  70°,  a 
difference  of  3.5°  at  75°,  and  one  of  5° 
at  80°  (dry  bulb).  In  flax  spinning,  linen 
weaving,  and  worsted  spinning,  even 
more  trying  conditions  are  permitted,  as 
a  difference  of  only  2°  between  wet  and 
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dry  bulb  temperatures  is  required,  what- 
ever the  temperature.  It  is  true  that 
the  mam;facturers  seldom  avail  them- 
selves of  the  extreme  latitude  allowed 
by  law,  but  observations  made  in  140  flax 
spinning  rooms  in  Irish  mills  showed  an 
average  dry  bulb  temperature  of  80.3°, 
and  a  wet  bulb  temperature  of  75°  (5). 

Cottoti  Weaving. — If  the  temperature 
of  a  shed  or  mill  is  systematically  kept 
at  a  high  level,  it  is  obvious  that  the 
cooling  power  of  the  air  must  be  greatly 
reduced,  unless  the  amount  of  air 
movement  is  correspondingly  increased. 
Hence  kata-thermometer  observations 
are  particularly  important.  A  large 
number  of  observations  have  recently 
been  made  by  Wyatt  (6),  relating  to 
cotton  weaving  sheds,  and  the  j^rincipal 
results  obtained  are  summarized  in 
Tables  5  and  2.  Seven  large  sheds  were 
tested  in  winter,  and  seven  in  summer, 
about  thirty  observations  being  made  at 
each  season  in  each  shed.  It  wiU  be  seen 
that  the  dry  cooling  power  averaged  5.2 
in  winter,  and  4.3  in  summer,  except  in 
one  shed.  In  this  the  air  was  not  arti- 
ficially humidified  as  it  was  in  the  others, 
and  a  cooling  power  of  5.0  was  observed. 
The  deficient  cooling  power  of  the  sheds 
is  chiefly  due  to  the  liigli  temperatures, 
for  the  air  currents  had  an  average 
velocity  of  26  feet  per  minute,  which  is 
more  than  that  observed  in  potters' 
shops  and  printing  works,  though  less 
than  that  in  boot  and  shoe  shops.  The 
wet  kata  cooling  power  was  even  more 
deficient  than  the  dry  kata  power,  owing 
to  the  humidity  of  the  atmosphere.  We 
see  that  it  averaged  only  14.9  in  the 
winter  and  13.3  in  the  summer,  except 
in  the  unhumidified  shed,  where  it 
showed  the  nearly  normal  value  of  17.3. 

The  frequency  distribution  of  tiie  dry 
kata  cooling  powers  is  recorded  in  Tal)k> 
2.    It  will  be  seen  that  in  winter  tinu> 


half  of  all  the  values  were  below  5,  and 
in  summer  time,  28  per  cent,  of  them 
were  below  4.  Only  14  per  cent,  of  the 
winter  observations  and  2  per  cent,  of 
the  summer  observations  reached  a 
value  of  6. 

The  extremely  deficient  cooling  power 
of  the  air  in  the  wea\ang  sheds  during 
the  summer  months  caused  many  com- 
plaints among  the  weavers,  and  there 
can  be  no  doubt  that  they  were  fully 
justified  in  making  them.  Even  if  the 
exigencies  of  the  industrial  operations 
required  a  hot  and  humid  atmosphere, 
this  was  no  excuse  for  the  low  air  veloci- 
ties. By  means  of  suitable  ventilating 
fans  they  could  have  been  greatly  in- 
creased. Wyatt  has  suggested  another 
and  very  ingenious  method  of  attaining 
the  same  end.  He  found  that  the  air 
movement  in  the  vicinity  of  the  weaver 
could  be  much  increased  by  fastening 
strips  of  material  of  various  Avidths  to 
the  loom.  The  most  satisfactory  method 
consisted  in  attaching  the  ends  of  a  stiff 
canvas,  3  inches  wide,  to  the  two 
metal  supports  on  the  heald  roller.  A 
horizontal  board  was  used  to  deflect  the 
air  toward  the  weaver,  and  in  con- 
sequence the  cooling  power  of  the  air 
was  raised  from  4.6  to  9.0,  correspond- 
ing to  an  increase  in  air  velocity  from 
21  feet  per  minute  to  252  feet. 

Laundry  Trade. — In  addition  to  the 
textile  industries,  where  a  high  tempera- 
ture is  desirable  in  the  interests  of  pro- 
duction, there  are  other  industries  in 
which  it  can  scarcely  be  avoided,  because 
of  the  heat  incidental  to  the  carrying  out 
of  certain  of  the  processes.  This  is 
certainly  true  of  laundry  work,  accord- 
ing to  the  observations  of  Miss  Smith 
(7).  A  large  modern  laundry  was  in- 
vestigated for  a  week  in  summer  and 
in  winter,  the  observations  being  usually 
made    at    hourlv    intervals    during    the 
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course  of  the  working  day.  The  exti'eme 
variations  in  the  mean  dry  bulb  tempera- 
ture, the  mean  dry  kata  cooling  power 
and  the  air  velocity,  calculated  from 
these  observations,  are  recorded  in 
Table  6.  It  will  be  seen  that  in  November 
the  cooling  power  did  not  fall  below  4.5 
in  any  of  the  rooms  investigated,  though 


than  2  in  the  course  of  the  day.  This  was 
chiefly  due  to  the  high  temperatures,  as 
the  degree  of  air  movement  was  usually 
fairly  good.  Still,  it  was  by  no  means 
sufficient,  considering  the  high  tempera- 
tures, and  if  these  high  temperatures 
are  really  unavoidable,  they  must  be 
compensated  for  by   greatly  increased 


TABLE   .").— MEAN   ATJIdSPHEKIC   CONDITIONS    IX    COTTON    WEAVING    SHEDS 


Sheds 
Investigated 


Number  of  j  Number  of      ,  Uiy  liulb 
Operatives!  Observations      Temp. 


Wet  Bulb 
Temp. 


Dry 
Kata 


Air  Velocity 


Wet 
Kata 


7  humidified  sheds  in  winter  278 
(>  humidified  sheds  in  summer  278 
1  unhuniidified  shed  in  summer  2fi0 


70.7 
74.7 
72.1 


65.9 
70.0 
62.8 


ft.  per  mill. 

26 

26 


14.9 
13.3 
17.3 


TABLE  6.— DIURNAL   VAHI.\.TIONS    IN   AT.MOSPIIERIC   CONDITIONS    XT    L.MNDUY 


Plaee  Investigated 


Oliservatiuns  in  Xovendjer 


Obsi'rvatidus  in  Au.yu-st  and  September 


Dry  Bulb  Temp.     Dry  Kata     Air  Velocity 


Dry  KuU) 
Temp. 


Dry  Kata    .\ir  Velocity 


"  F. 

ft.  per  mill. 

°  F. 

ft 

per  inin. 

At  folding  table 

aS.S  to  75.2 

7.5  to  4.S 

43  to    94 

66.0  to  79.5 

8.6  to  4.3 

66  to  iia 

At  ironing  table 

72.0  to  76.0 

6.0  to  4.6 

35  to    71 

73.0  to  S4.9 

5.8  to  2.4 

24  to   81 

Press  room 

73.0  to  80.0 

6.S  to  4.5 

82  to  141 

73.9  to  93.0 

6.4  to  1.3 

52  to  120 

Calender  room 

— 

— 

— 

69.0  to  S3.0 

6.4  to  2.6 

Sto    52 

Collar  packing  room 

— 

— 

— 

70.0  to  S6.0 

5.4  to  2.5 

28  to    56 

Air  outside  (at  noonl 

.o6..'> 

16.2 

289 

76.7 

G.s 

IM 

the  temperature  rose  as  high  as  80°. 
This  Avas  owing  to  the  considerable 
degree  of  air  movement,  which  was 
induced  largely  by  ventilating  fans.  The 
summer  observations  were  made  during 
hot  weather,  and  in  consequence  the 
temperature  in  the  laundry  rooms  was 
often  over  80°,  and  sometimes  over  90°. 
The  cooling  power  fell  to  less  than  3  in 
four  of  the  live  rooms  investigated,  in 
spite  of  the  fact  that  there  was  usually 
a  fair  amount  of  air  movement,  and 
occasionally  a  considerable  amount. 

Observations  lasting  one  or  more  days 
were  made  in  the  hand-ironing  and 
calender  rooms  of  ten  other  laundries. 
In  only  three  of  the  hand-ironing  rooms, 
and  one  of  the  calender  rooms,  did  the 
cooling  power  reach  the  standard  value 
of  6,  and  in  several  of  the  rooms  it  never 
rose  much  above  3,  while  it  fell  to  less 


artificial  ventilation. 

Conclusion 

Probably  it  will  be  admitted  that 
the  observations  described,  though  they 
relate  to  comparatively  few  industries, 
are  sufficient  to  indicate  the  value  of 
the  kata-thermometer  in  industry.  It 
is  evident  that  systematic  investigations 
ought  to  be  made  in  all  our  chief  in- 
dustries, in  order  that  it  may  be  possible 
to  estimate  and  compare  the  atmospheric 
conditions  to  which  the  various  classes 
of  workers  are  subjected.  If  the  condi- 
tions observed  are  expressed  in  terms  of 
temperature  and  air  velocity  as  well  as 
in  cooling  power,  it  will  be  possible  to 
see  at  a  glance  in  what  direction  im- 
provements of  the  conditions  ought  to 
be    attempted.     It    will    no    longer    be 
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sufficient  for  a  manufacturer  to  explain 
that  his  industrial  process  requires  a 
liigii  temperature  or  a  humid  at- 
mosphere, if  we  find  that  he  is  making- 
no  attempt  to  counteract  these  require- 
ments by  the  establishment  of  greater 
air  movement.    Again,  if  we  find  that  in 


some  of  the  workshops  of  an  industrj' 
the  atmosijheric  conditions  are  reason- 
able, and  are  effected  without  loss  of 
efficiency,  we  shaU  be  justified  in  expect- 
ing other  and  less  satisfactory  work- 
shops to  conform  to  similar  standards. 
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THE  PREPARATION  OF  HATTERS'  FUR:  A  CHEMICAL  STUDY  OF 
THE  CARROTTING  PROCESS* 

JoHx  R.  JoHNSON^,  Ph.D. 


THE  process  of  preparing  fur  for 
felting  purposes  by  treatment 
with  a  mercurial  solution  has  been  com- 
mon ijractice  for  a  great  many  years, 
And  dates  back  to  the  beginning  of  the 
seventeenth  century  in  France.  In  early 
times  the  procedure  was  kept  strictly 
secret  and  it  was  given  the  name  secre- 
tage.  During  the  eighteenth  century  the 
knowledge  Avas  carried  to  England  and 
the  secret  was  communicated  to  a  nuni- 
I)er  of  workmen,  who  gradually  passed 
it  on.  In  England  and  America  the  pro- 
'Cess  of  secretage  is  called  carrotting,  and 
the  solution  used  for  this  purpose  is 
known  as  the  carrotting  solution,  or  sim- 
ply the  carrot. 

Despite  its  highly  poisonous  character, 
mercurj^  continues  to  be  used  for  this 
purpose,  and  clinical  records  show  a 
large  number  of  cases  of  chronic  mer- 
curialism  among  workers  in  the  felt  hat 
industry.  Efforts  have  been  made  to 
substitute  a  non-poisonous  metal  for 
mercury  but  tliey  have  not  met  with  suc- 
cess. The  present  investigation  was  un- 
dertaken with  the  idea  of  studying  the 
carrotting  process  and  attempting  to 
replace  mercury  by  an  innocuous  sub- 
stance. 

To  indicate  the  role  of  carrotting  in 
the  preparation  of  felt  hats,  the  follow- 
ing brief  summary  will  suffice : 

Prfparation  of  the  Carrot. — Althougn  there 
is  variation  among  hatters'  furriers,  the  or- 
dinary carrotting  sohition  is  essentially  made 
by  dissolving  one  part   of  mercury  in  five 
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parts  of  strong  nitric  acid,  and  dikiting 
the  resulting  solution  to  the  desired  specific 
gravity,  10°  to  13°Be.  In  dissolving  the  mer- 
cury, large  quantities  of  oxides  of  nitrogen 
are  evolved,  and  precautions  must  be  taken 
to  prevent  the  escape  of  these  gases  into  the 
working  rooms.  It  is  stated  in  the  French 
literature  that  the  sohition  for  white  carrot- 
ting is  made  in  the  proportion  of  one  part  of 
mercury  to  three  of  nitric  acid,  but  this  modi- 
fication is  not  commonly  used  in  America. 

Preparation  of  the  Hat-Bodies. — The  skins 
of  rabbit,  hare,  and  nutria  are  opened,  shaken 
out,  and  brushed,  in  order  to  remove  dirt  and 
loose  hair ;  the  long  hairs  are  then  removed  by 
plucking,  leaving  the  short  soft  hairs,  called 
the  fur.  The  brushed  fur  is  treated  with  the 
carrot,  which  is  applied  by  means  of  a  stiff 
brush,  manipulated  by  hand  or  by  machine. 
The  excess  of  the  solution  is  drained  away 
and  the  pelts  are  then  dried.  The  drying  may 
take  place  at  a  high  temperature  (120°  to 
150°C.)  ;  or  at  a  low  temperature  (30°C.), 
by  circulating  a  current  of  warm  dry  air  over 
the  pelts.  In  the  first  case  the  drying  is  com- 
plete in  less  than  one  half-hour,  but  the  fur 
becomes  yellow  in  color  owing  to  the  action  of 
the  hot  nitric  acid.  This  quick  method, 
known  as  yellow  carrotting,  is  very  extensive- 
ly used  in  America.  The  second  method, 
called  white  carrotting,  requires  a  much 
longer  time,  but  in  this  case  no  discoloration 
is  observed.  After  they  are  dry,  the  pelts  are 
again  brushed  to  remove  dirt  and  loose  hairs. 
The  brushed  pelts  are  then  fed  into  the  cut- 
ting machine,  where  the  fur  is  removed  in 
such  a  way  that  it  retains  its  original  form. 
The  skin,  which  is  completely  shredded,  is  col- 
lected and  sent  to  glue  factories.  The  cut  fur 
is  kept  in  bags  until  used,  and  may  be  stoi-ed 
thus  for  an  indefinite  period. 

The  cut  fur  is  fed  into  the  blowing  machine, 
in  which  it  is  picked  apart  and  tossed  about 
in  a  current  of  warm  air  in  order  to  remove 
dirt,  and  to  separate  the  coarse  hairs  and 
matted  parts.  The  blown  fur  is  weighed  and 
fed  into  the  forming  machine  in  which,  by 
suction,  it  is  drawn  against  a  revolving  copper 
cone.  This  cone  is  perforated  and  measures 
27  by  29  inches.    The  cone,  covered  with  fur, 
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is  removed  from  the  machine  and  wrapped 
loosely  in  a  wet  cloth.  The  whole  is  then 
immersed  in  water  for  a  short  while,  and  the 
cover  cloth  and  formed  hat  are  removed  from 
the  cone.  The  loose  felt  is  subjected  to  the 
forming  and  sizing  process,  in  which  it  is 
alternateh'  immersed  in  hot  water,  and  knead- 
ed on  a  wooden  plank.  The  felt  thus  becomes 
more  compact,  and  is  shrunk  to  the  desired 
size.  The  subsequent  steps  differ  with  the 
kind  of  hat  which  is  to  be  made,  but  as  far  as 
carrotting  is  concerned,  the  finishing  processes 
need  not  be  considered. 

The  aim  of  the  present  work  is  to  study 
the  carrotting  process,  and  to  find  some 
non-toxic  material  which  will  jDroduce 
the  same  effect  as  mercury.  A  number 
of  salts  of  the  common  metals  have  been 
tried  as  carrots,  but  the  felt  produced 
in  this  way  was  ahvays  greatly  inferior 
to  the  control  mercury-carrotted  speci- 
men. The  data  and  list  of  solutions  used 
are  shown  in  Table  1. 

The  change  which  is  brought  about 
during  the  carrotting  process  is  quite 
essential  for  the  successful  felting  and 
shrinking  of  the  fur,  and  this  has  been 
the  subject  of  numerous  investigations. 
The  very  first  workers  noted  a  change 
in  the  appearance  of  the  hair  after  car- 
rotting. Examined  under  a  microscope, 
the  natural  hair  appears  smooth  in  out- 
line ;  after  carrotting,  the  epidermal  lay- 
er of  cells  is  opened  out  and  the  edge  of 
the  hair  appears  rugged  like  the  teeth 
of  a  saw.  The  difference  is  illustrated 
in  Figures  1  and  2. 

It  is  to  this  slight  change  that  the 
beneficial  action  of  the  carrot  is  attrib- 
uted. According  to  Saboureaud,  quoted 
by  Chaplet,  "the  effect  of  'secretage'  is 
primarily  to  soften  and  render  supple 
the  keratin  which  forms  the  sheath  of  the 
hair ;  secondly,  to  loosen  slightly  the  cor- 
tical cells,  which  are  tightly  fitted  to- 
gether, in  such  a  way  that  they  remain 
in  place  but  can  be  dissociated  much 
more  readily  by  crushing;  and  finally,  in 


certain  cases,  to  modify  the  color  by 
acting  on  the  hair  pigments." 

Hillairet  concludes  from  his  work  that 
the  interlacing  during  felting  is  not  due 
to  the  development  of  epithelial  inequali- 
ties, but  chiefly  to  the  extreme  flexibility 
of  the  fibers  after  the  destruction  of  their 
sheath.  The  subsequent  immersion  in 
hot  water,  and  the  resulting  tendency  to 
tw'ist,  assist  considerably  in  the  intrica- 
tion  of  the  fibers  under  the  influence  of 
pressure.  This  explanation  appears  to 
be  satisfactory,  and  has  been  generally 
accepted. 

In  addition  to  this  change,  carrotting^ 
gives  the  fur  an  added  weight,  which 
makes  the  blowing  process  much  more 
effective.  Whereas  it  is  very  difficult  to 
blow  untreated  fur,  the  added  weight  of 
the  carrotted  fur  is  an  advantage  at  this 
point.  There  is  little  doitbt  that  any 
metallic  salt  wliich  produced  a  satisfac- 
tory carrot,  would  give  the  same  effect 
in  blowing,  for  the  latter  is  purely 
mechanical. 

The  chemistry  of  carrotting  has  been 
investigated  by  several  French  workers, 
and  a  number  of  ideas  have  been  given 
concerning  the  ' '  active  principle ' '  of  the 
mercury  carrot.  Hillairet  regards  the 
mercury  as  superfluous  and  attributes 
the  action  solely  to  nitrated  and  nitro- 
sated  compounds  formed  by  the  action 
of  nitric  acid  and  of  the  nitrous  acid 
Avhich  is  liberated  in  a  nascent  state  in 
the  presence  of  the  organic  matter.  Oth- 
ers have  suggested  that  the  mercuric 
nitrate  penetrates  into  the  hair  and  sim- 
ply prevents  the  acid  from  acting  too 
vigorously.  It  is  certain  that  nitric  acid 
alone,  or  wdth  certain  other  metaUie 
nitrates,  when  applied  in  the  usual  way 
fails  to  give  a  satisfactory  carrot,  since 
the  resulting  felt  is  inferior  in  quality 
(Table  1). 
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Nitrous  acid  appears  to  be  au  impor- 
tant factor  in  the  process  and  may  orig- 
inate in  two  ways :  (1)  Undoubtedly  con- 
siderable quantities  of  mercuric  nitrite 
are  formed  by  the  solution  of  mercury 


Fig.  1. — Natural  hair  x  1350. 

in  strong  nitric  acid;  (2)  large  quantities 
of  nascent  nitrous  acid  are  formed  by  the 
action  of  nitric  acid  on  organic  matter. 
It  is  not  unlikely  that  mercuric  salts 
catalyze  the  decomposition  of  nitric  acid 
in  the  presence  of  organic  matter,  and 
in  this  way  facilitate  the  formation  of 
nitrous  acid. 

Resume  of  Previous  Woek 

France. — More  than  one  hundred 
years  ago  attempts  were  made  in  France 
to  find  a  suitable  non-mercury  carrot. 
As  early  as  1817,  Guichardiere  presented 
before  the  Societe  d 'Encouragement  des 
Polls  Secretes  sans  Mercure  a  method 


using  sulphuric  acid.  In  the  same  year, 
Malard  and  Desfosses  were  granted  a 
patent  for  the  use  of  an  alkaline  carrot 
containing  two  parts  of  soda  to  one  of 
quicklime.    Bredut  ( 1 ),  who  directed  the 


Fig.  2. — Mercury  carrcjtted   hair  x   13jO. 

practical  tests,  stated  that  the  "form- 
ing" of  fur  carrotted  in  this  way  was 
exceedingly  slow,  and  the  results  were 
very  irregular. 

In  1869  Hillairet  (2)  proposed  a  non- 
mercury  carrot  based  on  his  idea  that 
mercury  Avas  not  essential,  and  that  the 
products  of  the  decomposition  of  nitric 
acid  were  sufficient.  As  an  organic  sub- 
stance to  facilitate  the  decomposition  he 
employed    sugar    or    starchy    or,    on   a 


'  The  procedure  of  Hillairet  is  practically  the 
same  as  that  given  in  a  communication  from  J.  L. 
Roessler  in  Paris,  which  was  patented  in  England 
by  J.  H.  Johnson,  in  1867.  This  patent  "consists 
in  substituting  for  the  preparation  of  mercury,  car- 
bohydrates, or  other  substances  capable  of  decom- 
posing nitric  acid  into  nitrous  acid ;  e.g.,  raw  or 
refined  sugar,  gum,  and  starch." 
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larger    scale,    molasses,    since    it    was 
cheaper. 

According  to  this  procedure  two  solu- 
tions are  prepared:  A,  containing  mo- 
lasses; B,  containing  nitric  acid. 

White  Carrot 

Kg. 

A.  Molasses 8.5 

Water 14.0 

B.  Nitric  Acid   (38°  Be.) 12.0 

Water 12.0 

Yellow  Carrot 

Kg. 

A.  Molasses  8.0 

Water  19.0 

B.  Nitric  Acid    (38°  Be.) 16 A 

Water 16.0 

Solution  A  is  applied  first,  followed 
immediately  by  B,  and  the  pelts  are  dried 
in  the  usual  manner.  When  dry  the  ex- 
cess of  molasses  is  removed  by  washing 
with  water,  and  after  brushing,  the  pelts 
are  allowed  to  dry  very  slowly.  After 
this  the  normal  procedure  is  followed, 
and  according  to  the  literature  a  very 
good  felt  results.  Even  though  a  good 
felt  were  obtained  (which  seems  doubt- 
ful), this  modification  would  not  meet 
with  success  on  account  of  the  increased 
amount  of  labor  necessary. 

In  1884  Grossot  (3)  patented  the  use 
of  a  mixture  containing  creosote  oil,  alco- 
hol, water,  and  nitric  acid.  In  1887  Dar- 
gelos  (4)  patented  the  use  of  cold  dilute 
aqua  regia,  containing  one  part  of  nitric 
acid  to  three  parts  of  hydrochloric  acid. 
In  1890  Fabre  (5)  patented  the  use  of  a 
mixture  of  turmeric,  alum,  salt,  and  sul- 
phuric acid. 

In  1891  Burg  (6)  obtained  two  patents 
including  more  than  ten  different  car- 
rots. In  the  latter  are  included  nitric, 
sulphuric,  oxalic,  and  acetic  acids,  and 
the  nitrates  or  sulphates  of  potassium, 
zinc,  ammonium,  copper,  iron,  antimony, 
sodium,  tin,  and  aluminum. 


In  1892  to  1893  Lussigtiy  (7)  patented 
a  white  carrot  consisting  of  a  caustic 
alkali,  and  a  yellow  carrot  consisting  of 
carbon  and  nitric  acid.  A  dilute  solution 
of  potassium  hydroxide,  it  is  stated,  gave 
the  best  results,  and  is  said  to  have  been 
employed  with  favorable  results  by  a 
French  manufacturer.  The  latter  failed 
in  1897,  on  account  of  the  fact  that  other 
firms  discredited  his  laroduct.  It  is  stat- 
ed by  Levitzky  (8)  that  the  procedure  of 
Lussigny  was  used  Avith  success  in  Mos- 
cow, and  by  1907  was  being  employed  in 
a  large  number  of  Russian  workshops. 
A  good  account  of  the  French  attitude 
and  a  summary  of  previous  work  is 
found  in  Chaplet's  article  (9). 

At  the  International  Congress  of  Hat 
Workers  in  1907,  the  procedure  of  Ron- 
jat  (10)  was  received  with  great  favor. 
This  consists  in  the  substitution  of 
nitrates  of  tin  for  mercuric  nitrate,  with 
or  without  the  addition  of  sodium  nitrite. 
The  statements  of  Ronjat  (quoted  by 
Martial,  11)  seem  rational  and  logical, 
apparently  representing  the  best  work 
that  has  been  done  on  the  subject.  The 
result  of  a  single  trial  of  tin  is  reported 
in  Table  1,  and  although  a  poor  felt  was 
obtained,  this  was  not  taken  too  seri- 
ously since  it  must  be  remembered  that 
each  step  in  the  felting  process,  as  now 
carried  out,  has  been  designed  to  give 
the  best  result  with  a  mercury  carrot, 
and  undoubtedly  modifications  will  be 
necessary  to  suit  a  change  in  the  carrot. 

England. — A  number  of  i)atents  have 
been  granted  in  England  for  non-mer- 
cury carrotting  solutions,  but  these  have 
been  chiefly  of  French  origin.  At  the 
International  Congress  in  1912  Tylecote 
(12),  in  a  report  on  mercurial  poisoning, 
referred  to  the  modifications  of  Hard- 
castle,  using  the  nitrates  of  iron  and 
zinc,  zinc  chloride,  and  nitrous  acid.  In 
the  same  year  Lloyd  and  Gardner  (13) 
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reported  a  number  of  analyses  showing 
the  mercury  content  of  hats,  hat-bodies, 
and  fur  at  various  stages  in  the  process 
of  hat  making. 

In  1914  a  patent  was  granted  to  L.  F. 
Paris  (14)  for  the  use  of  sodium  nitrite, 
sodium  hypochlorite,  zinc  chloride,  and 
nitric  and  hydrochloric  acids.  This  com- 
bination of  many  active  substances  is 
certainly  too  destructive  to  be  used  in 
the  ordinary  manner,  and  no  report  of 
its  use  has  been  found  further  than  the 
claims  in  the  patent  itself. 

United  States. — Although  little  work 
on  non-mercury  carrots  has  been  pub- 
lished in  America,  a  great  many  clinical 
investigations  of  mercurial  poisoning- 
have  been  made.  The  first  comprehen- 
sive work  was  that  of  Dennis  in  1878 
(15).  The  report  of  Mrs.  Linden  W. 
Bates  (16),  and  that  of  Louis  Harris 
(17),  are  regarded  as  the  best  in  recent 
years. 

In  1917  Braun  (18)  patented  a  method 
consisting  in  the  use  of  a  hot  aqueous 
solution  of  sodium  carbonate.  The  pat- 
ent claims  that  cut  fur  can  be  used,  and 
that  the  hides  can  therefore  be  saved  and 
used  as  cheap  leather.  In  the  ordinary 
procedure  the  hides  are  completely 
shredded  and  can  be  used  only  for  the 
preparation  of  glue.  Although  very 
definite  directions  are  given  in  this  pat- 
ent, the  results  claimed  could  not  be 
duplicated  in  a  large  series  of  trial  ex- 
periments. Several  variations  were  at- 
tempted using  sodium  carbonate,  and 
soda-ash,  but  the  results  were  never  sat- 
isfactoiy. 

Experimental  Work 

There  were  two  problems  to  be  con- 
sidered in  connection  with  this  series  of 
experiments :  first,  the  selection  of  chem- 
ical reagents  to  be  used ;  and  second,  the 


choice  of  a  suitable  standard  for  com- 
parison. In  selecting  the  substances  to 
be  tried  as  mercury  substitutes,  several 
courses  were  followed :  An  attempt  was 
made  to  replace  mercury  by  another  sub- 
stance which  would  act  in  the  same  man- 
ner ;  solutions  recorded  in  the  patent  lit- 
erature were  duplicated;  and  new  com- 
binations were  tried,  either  at  hazard, 
or  in  accordance  with  theories  of  the 
mechanism  of  carrotting. 

Assuming  that  mercury  dissolves  in 
nitric  acid  according  to  the  equation, 

3Hg-f  8HN03=3Hg(N03)  ^-f  4H,0+2NO, 

the  ordinary  mercury  carrot  prepared 
by  dissolving  one  part  of  mercury  in 
five  parts  of  nitric  acid  (40°Be.)  would 
contain  one  gram-equivalent  of  mercuric 
nitrate  (162  g-m.)  to  three  and  one-half 
equivalents  of  nitric  acid.  In  a  series  of 
tests  using  other  metallic  nitrates  with 
nitric  acid,  the  ratio  of  one  equivalent 
of  metallic  salt  to  three  and  one-half 
equivalents  of  nitric  acid  was  preserved, 
in  order  to  vary  the  nature  of  the  carrot 
as  little  as  possible.  In  actual  practice 
the  mercury  carrot  is  diluted  to  a  spe- 
cific gravity  of  12°  to  13°  Be.  (1.090  to 
1.098),  and  in  accordance  with  this  pro- 
cedure the  test  solutions  were  in  most 
cases  diluted  to  13°Be. 

In  selecting  the  metal  nitrates  to  be 
used  in  replacing  mercuric  nitrate,  the 
Mendeleeff  periodic  system  was  found 
useful,  since  in  this  table  the  elements 
with  similar  properties  occur  in  the  same 
groups.  From  this,  zinc  and  cadmium 
seemed  promising,  but  the  actual  results 
with  these  metals  were  discouraging. 
Using  the  horizontal  series  as  a  guide, 
lead  and  bismuth  were  suggested,  but 
unsatisfactory  results  were  also  obtained 
with  these  nitrates.  Although  the  felt 
obtained  by  substituting  lead  was  of  an 
inferior  quality,  it  was  judged  as  the 
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best  of  the  non-merci;ry  earrotted  speci- 
mens. This  is  rather  unfortunate  since 
the  poisonous  character  of  lead  salts  pre- 
cludes any  attempt  to  perfect  a  lead 
carrot. 

In  addition  to  the  nitrates  of  the 
metals  already  mentioned,  salts  of  a 
number  of  common  metals  were  tried 
out  on  a  small  scale  in  the  laboratory, 
and  a  few  on  a  larger  scale  in  the  factory 
of  the  John  B.  Stetson  Company  of  Phil- 
adelphia." The  results  of  these  tests  are 
shown  in  Table  1. 

One  of  the  most  important  considera- 
tions in  carrying  out  this  series  of  ex- 
periments was  the  choice  of  a  suitable 
standard,  since  no  simple  comparative 
method  was  available.  The  ideal  way 
would  be  to  carrot  the  pelts  with  an  ex- 
perimental solution,  convert  them  into 
felt  in  the  usual  manner,  and  compare 
the  experimental  felt  with  a  control 
mercury-carrotted  specimen.  The  ob- 
jection to  this  method  is  the  expense  in- 
volved, since  the  ordinary  blowing  ma- 
chine cannot  be  successfully  operated 
for  a  charge  of  less  than  1^  to  2  pounds 
of  fur,  representing  from  fifty  to  sixty 
pelts.  It  was  therefore  advisable  to  find 
a  means  of  making  preliminary  tests  and 
of  reserving  the  large  scale  tests  for  a 
small  number  of  the  more  promising 
solutions. 

As  a  preliminary  method,  the  micro- 
scopic examination  of  the  dry  hairs  af- 
fords an  easy  means  of  following  the 
experiments,  biit  in  general  the  results 
are  not  reliable,  because  the  changes  are 
slight  and  the  difference  between  indi- 
vidual hairs  is  great.  Since  the  indica- 
tions obtained  by  this  method  were  not 
in  good  agreement  with  those  obtained 

'The  writer  wislies  to  aeknowledse  Iiis  indel)te<l- 
ness  to  the  John  I?.  Stetson  Company  for  its  co- 
operation in  carrying  out  a  number  of  practical 
tests.  They  were  kind  enough  to  place  at  his  dis- 
posal the  re<'ords  of  their  experiments,  and  to  assist 
and  advise  in  many  ways. 


by  the  first  method,  the  results  of  the 
actual  felting  were  accepted  as  final,  and 
the  microscopic  examination  was  used 
merely  as  a  preliminary  step. 

Technic  and  Experimental  Results 

The  series  of  experiments  was  divided 
into  two  groups:  one,  executed  in  the 
plant  of  the  Stetson  Company;  and  an- 
other, carried  out  on  a  laboratory  scale 
at  the  Harvard  Medical  School.  In  the 
first  case  the  trial  carrotting  solution 
was  substituted  for  the  mercury  carrot 
in  the  ordinary  routine,  and  the  whole 
procedure  was  completed  in  the  usual 
way.  The  behavior  of  the  trial  specimens 
was  carefully  recorded  and  compared 
with  that  of  mercury  earrotted  fur.  In 
Table  1,  the  behavior  during  shrinking, 
the  time  of  shrinking,  and  the  quality  of 
the  felt  obtained  from  a  series  of  experi- 
ments, are  recorded. 

TABLE  1.— KESULTS  OF  EXPERIMENTS  WITH 
VARIOrS  TEST  SOLUTIOXS* 


Yellow  Carrot 

White  Carrot 

M 

M 

a 

a 

a 

M 

.a 

a 

E^x 

- 

f- 

^ 

■^ 

hour 


1 

slow 

2  1-2 

fair 

fair 

2 

slow 

2  1-4 

IMior 

verv  slow 

3 

fair 

•y 

fair 

fair 

4 

fair 

2 

fair 

fair 

5 

fair 

2  1-4 

fair 

slow 

6 

fair 

o 

fair 

fair 

1 

fair 

2 

fair 

slow 

S 

very  slow  3 

poor 

very  slow 

i) 

fair 

2 

fair 

fair 

10 

good 

13-4 

good 

fa  i  r 

11 

very  good  1 1-2  very  good 

very  good  1 

12 

good 

2 

fair 

impossible 

13 

fair 

2h.  5m. 

poor 

poor 

14 

fair 

2h.  5m. 

good 

fair 

fair 
3  very  poor 
2  fair 

21-4  fair 
2 1-2  poor 
2 1-6  poor 
2 1^  poor 
2  5-6  poor 
2  poor 

2  fair 

2-3  very  good 

2  5-6  fair 
2  3-4     good 


*In  tlip  comments  made  by  the  Stetson  Company, 
tlie  stand;ird  for  comparison  is  the  mercurial  car- 
rot in  ordinary  use  in  that  factory.  The  time  re- 
quired for  shrinking  with  this  carrot  is  between 
one  hour  and  thirty  minutes  and  one  hour  and 
forty  minutes.  They  considered  that  solution  No. 
14 — namely,   copper   dissolved   in   nitric   acid,   and 
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Preparation  of  the  Test  Solutions 

1.  One  part  of  lead  was  dissolved  in  four 
parts  of  nitric  acid  (40°Be.)  previously 
diluted  with  water,  and  the  resulting  solu- 
tion diluted  to  13°Be. 

2.  One  part  of  zinc  was  dissolved  in  six 
parts  of  nitric  acid  (40°Be.)  previously 
diluted  with  water,  and  the  resulting  solu- 
tion diluted  to  13°Be. 

3.  One  part  of  zinc  was  dissolved  in  twelve 
parts  of  nitric  acid  (40°Be.)  previously 
diluted  with  water,  and  the  resulting  solu- 
tion diluted  to  13°Be. 

4.  One  part  of  tin  was  treated  with  four 
parts  of  nitric  acid  (40°Be.)  previously 
diluted  with  water,  and  the  resulting  mix- 
ture, which  contained  a  white  precipitate  of 
meta-stannic  acid,  was  diluted  to  13°Be. 

5.  Two  parts  of  potassium  permanganate 
were  dissolved  in  thirty-eight  parts  of  water, 
and  one  part  of  nitric  acid  (40°Be.)  and 
one  part  of  concentrated  sulphuric  acid  were 
added.  The  resulting  solution  had  a  specific 
gravity  of  11.5°Be. 

6.  One  part  of  cupric  nitrate  crystals 
(Cu(N03)2.3H,0)  was  dissolved  in  water,  and 

three  parts  of  nitric  acid  (40°Be.)  were  add- 
ed. The  resulting  solution  was  diluted  to 
13°Be. 

7.  Three  parts  of  cadmium  nitrate  crys- 
tals (Cd(N03),.4H20)  were  dissolved  in  wa- 
ter, and  seven  parts  of  nitric  acid  (40°Be.) 
were  added.  The  resulting  solution  was  di- 
luted to  13°Be. 

8.  One  part  of  soda-ash  was  dissolved  in 
eighty  parts  of  water. 

9.  Pure  nitric  acid  was  diluted  to  a  spe- 
cific gravity  of  13°Be. 

10.  One  part  of  mercury  was  dissolved  in 
ten  parts  of  nitric  acid  (40°Be.),  and  the 
resulting  solution  diluted  to   13°Be. 

11.  Control  experiment :  One  part  of  mer- 
cury was  dissolved  in  five  parts  of  nitric  acid 
(40°Be.),  and  the  resulting  solution  diluted 
to  13°Be.  This  is  the  ordinary  mercury  ear- 
rot. 

12.  Four  parts  of  bismuth  subnitrate  were 
dissolved  in  nine  parts  of  nitric  acid  (40° 
Be.),  and  the  resulting  solution  diluted  to  a 
specific  gravity  of  13°Be. 

13.  One  part  of  cobalt  cai'bonate  was  dis- 
solved in  three  parts  of  nitric  acid  (40°Be.), 
and  the  resulting  solution  diluted  to  a  specific 
gravity  of  13°Be. 

zinc  oxide  dissolved  in  nitric  acid — gave  the  best 
results  in  both  yellow  and  white  carrot,  results 
promising  enough  to  warrant  further  experimenta- 
tion but  not  equal  to  the  results  obtained  with  ordi- 
nary mercurial  carrot. 


14.  One  part  of  copper  and  one  part  of 
zinc  were  dissolved  in  eleven  parts  of  nitric 
acid  (40°Be.),  and  the  resulting  solution 
diluted  to  13°Be. 

Several  experiments  were  made  using 
the  sodium  carbonate  procedure  patent- 
ed by  Braun  (18),  but  no  successful  re- 
sults were  obtained.  In  these  experi- 
ments, cut  fur  was  treated  with  hot 
aqueous  sodium  carbonate  solution  for 
definite  periods  of  time  (thirty  to  forty- 
five  minutes),  centrifuged  to  remove  ex- 
cess of  the  carrot,  formed,  and  hardened 
in  the  usual  Avay.  In  general  the  shrink- 
ing was  very  slow  and  the  felt  poor.  A 
similar  experiment  with  the  regular  mer- 
cury carrot  applied  to  cut  fur,  gave  a 
very  poor  felt. 

On  a  small  scale,  the  following  technic 
was  employed :  The  brushed  skins,  which 
had  been  crudely  clipped  by  hand,  were 
impregnated  with  a  test  solution  by 
means  of  a  small  brush,  and  dried  in  a 
small  gas  oven  at  temperatures  varying 
from  40°  to  120° C.  After  they  were 
dry,  the  skins  were  brushed  and  allowed 
to  stand  at  room  temperature  for  several 
days.^  Specimens  of  fur  were  then  cut 
from  the  back  and  sides  and  examined 
under  high  magnification.  For  compari- 
son, natural  hair  and  mercury-carrotted 
specimens  were  used.  By  this  method 
the  carrots  could  merely  be  arranged 
into  large  groups;  there  was  no  ac- 
curate means  of  distinguishing  between 
individuals  within  the  groups. 

To  denote  the  various  types  of  results, 
four  groups  were  made,  corresponding 
to  the  brief  descriptions:  (1)  good;  (2) 
fair;  (3)  fair  to  poor;  (4)  poor.  These 
terms  are  indefinite,  but  the  inaccuracy 
of  the  method  does  not  permit  any  more 
definite  statements. 


'  In  actual  factory  manipulation,  carrotted  pelts 
are  usually  stored  at  least  three  months  before  the 
fur  is  cut. 
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Fig.  3. — Natural  hair. 


Fiu.  4. — Tin-carrotted  hair. 


Fig.   5. — Cadmium-carrotted   hair. 


Fig.   G. — Silver-carrotted  hair. 


Fig.  T. — Copper-carrotted  hair.         Fig.  S. — Mercury-carrotted  hair. 


Group  1. — Mei'curie  nitrate  with  nitric  acid 
(control). 

Grmtp  2. — Nitrate  of  silver,  copper,  cad- 
mium, lead,  bismuth,  cobalt,  zinc,  nickel,  or 
aluminum  with  nitric  acid. 

Cupric  chloride  and  formic  acid. 

Zinc  and  potassium  sulphates  with  sulphu- 
ric acid  (white  carrot). 

Group  3. — Stannic  chloride  with  nitric 
acid. 

Nitrate  of  iron,  sodium,  or  calcium  with 
nitric  acid. 

Nitric  acid  alone. 

Sulphate  of  copper,  cobalt,  aluminum  or 
manganese  with  sulphuric  acid. 

Sulphate  or  chloride  of  cobalt,  copper,  or 
mangane.se  with  hydrochloric  acid. 

Group  4. — Ilillairet's  procedure. 

Mercuric  chloride  with  hydrochloric  acid. 

Hydrogen  peroxide,  3  per  cent,  solution. 


Dargelos'  procedure   (dilute  aqua  regia). 
Antimony  sulphate  and  sulphuric  acid. 
Sulphuric,   hj'drochloric,   formic   or   acetic 
acid,  alone. 

Potassium  hydroxide. 
Sodium  carbonate. 
Sodium  stannite. 

In  certain  cases  photomicrographs 
were  made  of  the  specimens,  and  were 
found  to  be  very  useful  for  comparing 
results.  The  accompanj-ing  plates  (Figs. 
3-8)  show  a  series  of  photographs  of  fur 
from  four  tj'pical  experiments,  with 
photographs  of  natural  hair  and  mer- 
cury-carrotted hair  for  comparison.  In 
these  experiments  the  ratio  of  one  gram- 
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equivalent  of  metallic  nitrate  to  three 
and  one-half  equivalents  of  nitric  acid 
was  used,  and  the  yellow-carrotting  pro- 
cedure was  followed. 

The  results  of  the  experiments  which 
have  thus  far  been  completed  have 
shown  that  the  problem  of  finding  a  non- 
mercury  carrot  is  indeed  an  empirical 
one.  Since  each  step  in  the  present 
process  of  preparing  felt,  with  a  mer- 


cury carrot,  has  been  gradually  iDerfect- 
ed  during  the  course  of  several  centuries, 
it  is  not  surprising,  nor  discouraging,  to 
find  that  the  early  attempts  to  replace 
this  carrot  are  not  successful.  Undoubt- 
edly the  adoption  of  a  new  carrot  will 
involve  the  alteration  of  numerous  small 
details  in  the  routine  procedure,  in  order 
to  produce  a  felt  of  the  quality  that  is 
now  produced. 
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"MINERS'  NYSTAGMUS  FEOM  THE  POINT  OF  VIEW  OF  THE  WORK- 
MEN'S COMPENSATION  ACT* 


T.  LisTEB  Llewellyn,  M.D. 

Secretary   to   the  Miners'   Ni/staamus  Committee,  London 


THE  pi;blication  of  the  ' ' First  Report 
of  the  Miners'  Nystagmus  Commit- 
tee" (1)  (referred  to  hereafter  as  the 
Report)  brings  into  prominence  the  close 
connection  between  the  incidence  of  cer- 
tified cases  of  miners'  nystagmus  and 
the  payment  of  compensation. 

This  aspect  of  the  subject  is  dealt 
with  in  the  present  communication,  and 
the  data  upon  which  it  is  based  were 
■collected  by  the  writer  for  the  use  of  the 
■Committee.  The  expenses  of  the  inves- 
tigation were  met  by  a  grant  from  the 
Medical  Research  Council. 

Stages  of  the  Disease 

The  primary  symptom  and  physical 
sign  of  the  disease  is  a  rapid  and  rota- 
tory oscillation  of  the  eyeballs  occurring 
among  coal  miners  Avho  have  been  em- 
ployed below  ground  for  a  considerable 
period  of  time,  amounting,  on  an  aver- 
age, to  twenty-six  years.  The  condition 
may  be  either  latent  or  manifest. 

During  the  latent  stage,  which  may 
persist  throughout  working  life,  al- 
though the  objective  oscillation  of  the 
eyeballs  is  present,  the  miner  is  unaware 
of  his  condition,  and  experiences  no  dis- 
ability. The  latent  stage,  which  may  be 
short  or  long,  passes  into  the  manifest 
stage  either  suddenly — following  upon 
an  accident  or  some  concurrent  illness, 
such  as  influenza — or  gradually.  At  this 
stage  surrounding  objects  appear  to 
dance  and  revolve  before  the  sufferer, 
and  vision  fails,  particularly  at  night 

•Received  for  publication  June  10,  1922. 


and  for  skilled  work;  at  the  same  time 
mental  irritation  often  develops  with 
post-cranial  headache  and  broken  sleep. 
When  the  disease  reaches  this  stage,  con- 
tinued work  below  ground  becomes  im- 
possible. 

Cessation  of  work  underground  for 
from  six  to  twelve  months  is  generally 
followed  by  the  disappearance  of  all  ob- 
jective signs,  and  usually  results  in  per- 
manent cure,  especially  if  the  miner  is 
suitably  employed.  If  he  returns  to  un- 
derground work,  however,  relapse  may 
take  place.  But  during  this  convalescent 
stage,  especially  when  compensation  has 
been  established,  the  subjective  symp- 
toms already  referred  to  may  be  con- 
verted into  a  well-marked  and  persistent 
neurosis. 

Findings  of  the  Committee 

Before  entering  upon  further  discus- 
sion of  the  disease  it  will  be  well  to  refer 
to  the  main  conclusions  of  the  Com- 
mittee, which  are  as  follows : 

1.  The  essential  factor  in  the  production 
of  miners'  nystagmus  is  deficient  illumina- 
tion. Other  factors,  such  as  position  during 
work,  accidents,  alcoholism,  infections,  mal- 
nutrition, hereditary  predisposition,  and 
errors  of  refraction,  are  of  secondary  impor- 
tance only,  while  depth  of  workings,  thickness 
of  seams,  and  the  ordinary  gaseous  impurities 
in  mine  air  have  no  direct  influence  on  the 
disease. 

2.  The  deficient  illumination  is  due  to  the 
low  illuminating  power  of  the  safety  lamps 
generally  used  by  coal  miners,  to  the  distance 
at  which  these  lamps  have  to  be  placed  from 
the  objects  at  which  the  miner  has  to  look, 
and  to  the  great  absorption  of  light  by  the 
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coal  and  the  coal-dust  covered  surfaces.  In  ad- 
dition the  effect  of  coal  dust  or  dirt  in  obscur- 
ing the  lamp  glasses,  the  choking  of  the  wire 
gauze  chimneys,  and  the  presence  of  moisture 
or  low  oxygen  percentage  in  mine  air,  all 
reduce  the  light  given  by  oil  lamps;  while 
failing  voltage,  poor  bulbs,  or  lack  of  proper 
attention,  have  similar  effects  on  illumination 
given  by  electric  lamps. 

3.  Workers  at  the  coal  face  are  more  af- 
fected than  other  underground  workers,  and 
this  appears  to  be  due  to  the  unrelieved 
blackness  of  the  coal  and  the  greater  need  for 
accurate  vision. 

4.  Distinct  signs  of  nystagmus  are  present 
in  a  large  proportion  of  coal  miners,  though 
only  in  a  small  proportion  do  the  symptoms 
ever  become  so  severe  as  to  cause  even  tempo- 
rary incapacity  for  work  underground. 

The  Committee  recommends  that  since  in- 
capacity due  to  nystagmus  is  rare  among 
coal  miners  working  with  open  lights,  every- 
thing possible  should  be  done  to  make  the 
standard  of  illumination  of  the  objects  looked 
at  by  the  miner  equal  to  that  of  an  open-light 
pit.  This  can  be  effected  at  the  coal  face  and 
elsewhere  either  by  greatly  increasing  (to 
about  two  or  three  candles)  the  illuminating 
power  of  safety  lamps  as  ordinarily  used,  or 
by  the  use  of  an  electric  light  capable  of 
being  fixed  on  a  miner's  head,  belt,  or  other 
convenient  position,  so  that  the  light  is  auto- 
matically brought  nearer  the  working  area 
and  does  not  impair  clear  ^dsion  by  shining 
directly  into  the  eyes.  At  parts  of  the  pit 
other  than  the  coal  face  the  visibility  of  ob- 
jects can  be  greatly  increased  by  white- 
wa.shing,  as  well  as  bj'  the  stone  dusting  now 
obligator.y  for  the  prevention  of  explosions. 
The  Committee  believes  that  by  the  applica- 
tion of  these  remedies  miners'  nystagmus  of 
sufficient  severity  to  cause  disablement  can, 
by  degrees,  be  entirely  prevented. 

Incidence  of  the  Disease 

In  Great  Britain.— On  May  22,  1907, 
miners'  nystagmus  was  added  to  the 
schedule  of  industrial  diseases  in  the 
Workmen's  Compensation  Act  of  1906. 
For  the  period  before  that  date  no  ac- 
curate information  in  regard  to  the  pre- 
valence of  the  disease  is  available.  The 
number  of  cases  receiving  compensation 
has  steadily  risen  since  that  year,  taking 
a  big  jump  in  1913-1914,  when  the  deti- 
nition  of  the  disease  was  altered  by  the 


order  of  the  Secretary  of  State,  July  30, 
1913,  from  the  original  description 
"Nystagmus"  to  "The  disease  kno-\vn  as 
miners'  nystagmus,  whether  occurring 
in  miners  or  others,  and  whether  the 
s^-mptom  of  oscillation  of  the  eyeballs  be 
present  or  not."  Information  relative 
to  the  incidence  of  cases  since  1908  is  em- 
bodied in  Table  1,  which  has  been  taken 
from  the  Report,  and  in  part  is  shown 
grapliically  in  Figure  1. 

In  Other  Countries.  —  In  Germany, 
from  1908-1912,  18.2  per  cent,  of  the 
invalidity  claims  on  the  Bochum  Miners.' 
Union  were  for  nystagmus.  The  num- 
ber of  cases  per  1,000  in  the  period  from 
1905-1909  was  3.29;  from  1910-1913, 
3.25.  In  1913  owing  to  a  decision  of  the 
Superior  Court,  by  which  it  was  held 
that  only  serious  cases  of  nystagmus 
were  entitled  to  compensation,  the  num- 
ber fell  to  1.81.  Stassen  (2),  in  Bel- 
gium, and  Dransart  (3),  in  France,  esti- 
mate the  rate  of  total  incapacity  to  be 
about  two  cases  in  every  thousand  work- 
men. It  may  be  taken  that  the  total 
incapacity  rate  for  the  four  countries — 
United  Kingdom,  France,  Belgium,  and 
Germany — is  0.2  per  cent,  of  the  men 
employed  underground.  In  America, 
where  the  disease  is  not  certifiable,  the 
incidence  is  very  small  and,  wdth  the 
exception  of  a  valuable  summary  of 
European  literature  by  Hoffman  (4), 
practically  nothing  has  been  written  on 
the  subject. 

The  number  of  men  who  show  nystag- 
mus on  examination  is  much  higher  than 
0.2  per  cent.  Stassen  (2),  who  has 
examined  11,000  miners,  gives  the  per- 
centage rate  as  24.2;  other  authors  (5) 
give  similar  figures. 

Economic  Loss 

The  amount  of  compensation  paid  for 
all    industrial   diseases    in    the    mining 
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industry  in  Great  Britain  has  risen  from 
£13,382  in  1908  to  £371,071  in  1920. 
This  increase,  has  been  almost  entirely 
due  to  nj^stagmus,  and  it  may  be  as- 
sumed that  in  1920  nearly  £300,000  were 
paid  in  compensation  for  this  disease 
alone.  The  loss  falls  on  workmen,  em- 
ployers, and  the  state.  The  workmen, 
to  whom  health  and  working  ability  are 


July,  1921,  upon  which  the  coal  stop- 
page was  settled,  the  workmen's  wages 
are  regnilated  by  the  financial  results 
of  the  working  of  the  industry.  The 
pre-war  wage  rates  are  taken  as  the- 
standard;  to  these  are  added  the  costs 
of  production  other  than  wages,  to- 
gether Avith  an  agreed  percentage  for 
profit  to  the  owner.    If  the  total  of  these- 


TABLE    1.— SHOWING    PERCENTAGE   INCIDENCE    AND    NUMBER    OF    CASES    RECEIVING 

coairExsATiox  for  the  first  time   dthino  the  year,  total  number  op 

CASES  UECEIVIX(;  COMI'EXSATIOX  IHIilXG  THE  YEAR,  COST  OP  ALL  INDUSTRIAL 
DISEA.'^ES.  XI  JUlEIi  OF  MEX  EJn'l><lYEl>  rXI)ER(iUOUND,  NUMBER  OP  CASi'--S  DIS- 
ABLED IN  THE  MINING  INDUSTRY,  AND  OUTPUT  IN  TONS  PER  UNDERGROUND 
WORKER   PER    YEAR 


Year 

Frt'sli  ( 
Nyst; 

ases  (if 
lymu.s 

Total  No. 
of  Cases  of 
Nysta.§mus 

Cost  of  All 
Industrial 
Diseases 

No.  of  Men 

Employed 

Under- 

Acci- 
dents 
(l,W)0s) 

Output 
in  Tons 

Percentage 

per  Man 
per  Year 

Incidence 

Number 

190S 

0.05 

3S6 

460 

13,000 

783,000 

137 

334 

19(>9 

O.US 

631 

1,011 

26,000 

805,000 

154 

328 

1010 

0.11 

956 

1,618 

42,000 

834,000 

166 

317 

1911 

O.Ki 

1.375 

2.519 

6S,000 

849,000 

167 

320 

1912 

0.16 

1.376 

3,195 

85,000 

865,000 

1(57 

301 

19ia 

0.2G 

2,402 

4,551 

113,000 

895,000 

195 

321 

1914 

0.32 

2,774 

5,992 

164,000 

835,000 

179 

318 

1915 

0.21 

1,7S0 

743,000 

341 

191G 

0.20 

1.626 

nc 

t 

782,000 

not 

328 

1917 

0.18 

1.461 

avail  able 

799,000 

available 

311 

1918 

0.24 

1,917 

7S3,000 

291 

1919 

0.29 

2,718 

6,449 

225,000 

9.33,000 

1.34 

246 

lOilO 

0.29 

2,865 

7,02S 

343,(XtO 

978,000 

134 

•Zi5 

^  Home   Office    returns    do    not    separate    cost    of    nystagmus    from    other    industrial 
disea.ses.    Nystagmus  is  responsible  for  over  90  per  cent,  of  this  cost. 


everything,  are  reduced  from  an  active 
life  and  a  position  of  comparative  afflu- 
ence to  dependence  on  weekly  compen- 
sation. Home  comforts  are  lost,  the 
children  are  turned  out  into  the  world 
sooner  than  they  otherwise  would  be, 
and  the  family  tends  to  become  restrict- 
ed. The  employer  pays  £300,000  a 
year  in  compensation,  loses  his  best 
workmen,  and  finds  his  coal  output  re- 
duced. The  state  loses  the  coal  output 
of  6,000  men,  which  with  the  sum  spent 
on  compensation  may  be  estimated  at 
£1,000,000  a  year  (6).  The  indirect 
effect  of  the  shortage  of  coal  on  other 
industries  must  also  be  taken  into 
account. 

In  Great  Britain  under  the  terms  of 


charges  is  less  than  the  proceeds  real- 
ized from  the  sale  of  the  coal,  83  per 
cent,  of  the  surplus  is  added  to  the  pre- 
vious wage  and  expressed  in  the  form 
of  a  percentage  upon  the  basis  rates. 
Workmen's  compensation  payments  are- 
part  of  the  cost  of  production,  and  ac- 
cordingly increased  compensation  means 
a  reduction  of  any  surplus  available  for 
wages.  It  is,  then,  in  the  interest  of  all 
parties— state,  employer,  and  workmen. 
— that  the  compensation  costs  should  be 
kept  low. 

Effect  of  Unemployment. — After  the- 
coal  dispute  in  1921  several  collieries 
experienced   difficulty   in   finding  work 
for  all  their  employees.      In  one  col- 
liery, employing  650  men  underground,,, 
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in  which  three  cases  had  been  certified 
in  1920,  it  was  impossible  to  iind  work 
for  250  men  when  the  pits  restarted. 
Within  six  weeks  eighteen  of  these  250 
men  were  certified  as  disabled  by  nys- 
tagmus. Altogether  twenty-three  cases 
were  certified  between  July  and  Novem- 
l3er  20,  1921,  but  there  was  not  a  single 
case  from  among  the  400  men  who  re- 
turned to  work  when  the  pit  started. 

During  the  year  thirty  cases  in  all 
were  certified  from  this  pit.  Assuming 
that  each  case  costs  the  company  £200, 
a  liability  of  £6,000  was  incurred  in  one 
year  from  nystagmus  alone,  a  sum  suf- 
ficient to  pay  a  dividend  at  6  per  cent. 
•on  a  capital  of  £100,000.  In  small  com- 
panies a  run  of  nystagmus  cases  such 
as  this  would  cause  serious  financial 
embarrassment  and  might  even  lead  to 
failure. 

Effect  of  Reduced  Wages. — Figure  2 
shows  the  drop  in  the  daily  wage  of  the 
collier  since  March,  1921,  and  the  month- 
ly rate  of  incidence  of  miners'  nystag- 
mus in  a  district  employing  20,000  men 
underground.  The  universal  experience 
in  the  English  coal  fields  is  that  there 
has  been  a  great  increase  in  the  inci- 
dence of  the  disease  following  unemploy- 
ment and  reduced  wages. 

Influence  of  Compensation 

The  workmen  and  employer  differ 
very  widely  in  their  opinions  of  the  in- 
capacity caused  by  nystagmus.  The 
employer  points  out  that  little  was 
heard  of  the  disease  until  compensation 
could  be  obtained,  and  that  even  at  the 
present  time  the  disease  is  rare  in  Amer- 
ica Avhere  no  compensation  is  allowed. 
The  collieiy  manager  says  that  the  se- 
quel to  giving  a  man  notice  is  the  pro- 
duction of  a  certifying  surgeon's  cer- 
tificate of  disability  for  nystagmus;  that 


many  men  can  and  do  work  with  nys- 
tagmus; but  that  the  younger  genera- 
tion gives  up  work  at  once. 

From  January  1,  1920,  the  maximum 
compensation  was  increased  from  25  to 
35  shillings  a  week.  This  was  followed 
by  a  great  increase  in  the  number  of 
comiDensation  cases,  and  in  North  Staf- 
fordshire the  fig-ures  for  the  first  quar- 
ter of  1921  were  40  per  cent,  greater 
than  those  for  the  corresponding  period 
of  1920.  The  great  increase  in  the 
amount  of  compensation  paid  for  all 
industrial  diseases  in  late  years  (see 
Table  1)  is  entirely  due  to  miners'  nys- 

tagTQUS. 

Compensation  also  enters  into  the 
question  of  surface  employment.  If  a 
miner  afficted  with  nystagmus  is  em- 
ployed on  the  surface,  he  is  entitled 
to  half  the  difference  between  his  pres- 
ent and  his  former  average  wage  (the 
half  difference  not  to  exceed  £1).  The 
iinderground  wage  is  higher  than  the 
surface  wage  and  the  employer  may  be 
called  upon  to  pay  as  much  as  £1  in  half 
difference  in  addition  to  the  ordinary 
surface  wage.  It  is  undoubtedly  true 
that  many  men  pursue  a  "ca'canny" 
policy  and  make  no  honest  attempt  to 
do  a  good  day's  work.  They  make  so 
many  stipulations  as  to  the  kind  of 
work  which  they  can  perform,  and  are 
so  irregular  in  their  attendance  that  the 
employer  is  forced  to  the  conclusion 
that  they  are  not  worthy  of  employment, 
and  prefers  to  pay  full  compensation 
rather  than  employ  them  on  the  surface 
where  they  will  corrupt  the  morale  of 
his  regular  workmen  by  the  slack  man- 
ner in  which  they  perform  the  work. 

Mr.  Gillhespy  (7),  general  manager 
of  the  Yorkshire  Coalowners'  Mutual 
Indemnity  C.ompany,  in  his  e"\adence 
before  the  Workmen's  Compensation 
Committee  in  1919,  stated  that  an  ex- 
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amination  by  Dr.  Moxon  of  a  typical 
Yorkshire  pit,  employing  2,000  men, 
showed  that  from  25  to  38  per  cent, 
(according  to  the  grade  of  employment) 
of  all  men  over  21  years  of  age  working 
underground  showed  oscillation  of  the 
eyes.  Every  one  of  these  men  could 
obtain  a  certifying  surgeon's  certificate 
and  be  legally  disabled.  In  the  great 
majority  of  cases  the  oscillation  of  the 
eyes  produces  no  incapacity,  and  should 
not  in  itself  entitle  the  man  to  compen- 
sation. Mr.  Gillhespy  says  that  the  re- 
sult of  the  scheduling  of  the  disease  has 
been  to  increase  the  incidence  from 
thirty  in  1907  to  515  in  1918.    Thus : 


Question  5677 :  There  is  one  cause  and 
one  cause  only  —  that  is  the  chief  thing  — 
to  account  for  this  difference,  and  that  is 
compensation. 

Question  5715 :  It  follows  from  that,  that 
the  difference  in  numbers  must  of  necessity 
import  the  element  of  ungenuineness  ?  To 
this  extent,  that  they  were  legally  genuinely 
disabled,  but  not  in  fact  disabled.  Also, 
unless  the  law  makes  the  definite  assumption 
that  men  with  nystagmus  can  work,  and  must 
work,  on  the  surface  at  the  end  of  say  six 
months,  and  unless  the  law  definitely  fixes 
the  reduction  to  be  enforced  in  the  compensa- 
tion, employers  will  be  helpless,  as  a  man  with 
nystagmus  can  alwa.ys  allege  that  he  is  unable 
to  work  even  on  the  surface,  and  to  ask  an 
employer  to  prove  a  man's  fitness  is  simply 
asking  an  employer  to  attempt  the  impossible. 
Now  the  next  paragraph  is  why  I  am  here. 
Looking  at  the  subject  from  the  point  of  view 
of  the  men  themselves,  up  to  1907,  30  men  per 
annum  were  disabled.  Now  515  men  are  dis- 
abled. The  485  additional  men  (515  less  30) 
themselves  sacrifice  one-half  the  wages  they 
might  be  earning.  The  men  themselves  in  the 
aggregate  are  thus  unquestionably  much 
worse  off  than  if  nystagmus  had  never  been 
added  to  the  Schedule  of  the  Workmen's 
Compensation  Act.  If  the  deduction  is  also 
made  that  the  disability  in  each  ease  has 
grown  as  much  as  the  number  of  claims  has 
grown,  the  amount  lost  by  the  men  each  year, 
in  wages,  is  huge.  That  is  why  I  have  come 
here,  Sir.  I  want  to  show  you  this,  that 
nystagmus  was  put  into  the  Schedule  of  the 
Act  at  the  request  of  the  men  and  for  the 
benefit  of  the  men. 


Mr.  Gillhespy 's  facts  are  indisputa- 
ble; it  is  probable  that  25  per  cent,  of 
all  men  over  21  working  underground 
could  obtain  a  certifying  surgeon's  cer- 
tificate and  be  legally  disabled.  In  the 
light  of  our  war  experience,  however, 
it  is  necessary  to  take  a  broader  view 
than  the  one  expressed  by  Mr.  Gillhespy. 


30(^000 


^150,000 


1«9  1909   1910  19U  mi  1913  1911  131S  1916  ISil  1916  UU  Kl-O 

Fm.  1. — Showing  incidence  of  fresh  cases  of 
miners'  nystagmus  (the  figures  given  for  the  war 
years  are  ouly  approximate),  and  cost  from  1908 
of  all  industrial  di.seases  in  the  mining  industry. 


PsychonKurotic  Factors. — War  physi- 
ology has  shoAvn  that  many  men  placed 
in  a  position  of  danger  or  in  uncon- 
genial surroundings  unwittingly  react 
to  their  environment,  and  develop  a  neu- 
rosis of  some  form  in  order  to  escape. 
In  the  same  manner  the  soldiers  of  in- 
dustry who  are  unfit  for  or  unsuited  to 
their  occupation  develop  a  neurosis 
which  brings  them  relief.  If  in  addition 
to  freedom  from  uncongenial  work  the 
release  is  associated  with  pecuniary 
advantages,  the  unconscious  motive  is 
doubly  strong  —  one  might  even  be 
tempted  to  say  that  it  is  quadrupled. 
It  is  quite  common  nowadays  to  hear 
colliers  referring  to  the  pit  as  the 
"hole" — a   word    of   sinister  meaning, 
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and  a  term  which  the  writer  does  not 
Temember  hearing  from  a  normal  collier. 
As  an  example  of  the  development  of 
psychoneurotic  symptoms,  may  be  in- 
stanced the  prevailing  belief  among  coal 
jniners  that  permanent  loss  of  sight  re- 
sults, if  underground  work  is  continued. 
This  belief  results  partly  from  the  fail- 
ure of  sight,  which  is  common  in  the 
acute  stages  of  the  disease,  and  partly 
from  the  bad  advice  given  by  some  med- 
ical men  who  threaten  their  patients 
with  loss  of  sight  if  underground  work 
is  persisted  in.  In  regard  to  this  belief 
the  Eeport  states  that : 

During  its  investigations  the  Committee 
has  noticed  the  prevailing  belief  among  coal 
miners  that  miners'  nystagmus  causes  perma- 
nent damage  to,  or  even  total  loss  of  sight,  if 
underground  work  is  continued  after  the 
onset  of  symptoms.  This  belief,  which  is  en- 
tirely erroneous,  has  led  to  much  unnecessary 
suffering  and  to  the  development  of  psycho- 
neurotic symptoms  in  manj-  cases.  The  dis- 
ablement resulting  leads  to  great  loss  to  the 
miners,  and  increases  the  charges  on  the  in- 
dustry and  general  public. 

In  the  Eeport  Dr.  Elvers  sums  up  the 
relationship  l^etween  incidence  of  the 
disease  and  compensation  as  follows: 

The  bearing  of  the  psycho-neurotic  aspect 
of  miners'  nj^stagmus  upon  the  problems 
connected  with  compensation  is  more  definite. 
We  are  here  presented  with  a  situation  closely 
comparable  with  that  presented  by  pensions 
in  relation  to  the  psycho-neuroses  of  war. 
There  is  no  question  whatever  that  the  per- 
fectly legitimate  and  praiseworthy  measure 
by  which  those  disabled  as  the  result  of  the 
war  should  receive  monetary  compensation 
has  through  the  highly  complex  nature  of 
psycho-neurosis  led  to  the  actual  production, 
and  still  more  largely  to  the  prolongation,  of 
disability  to  work.  Similarly,  the  great  in- 
crease in  the  prevalence  of  disabilities  from 
minors'  nystagmus  since  the  introduction  of 
c'diiipcnsation  shows  that  this  measure,  as 
legitimate  and  ])raiseworthy  as  the  compensa- 
tion of  sufferers  from  the  war,  has  througli 
the  complexity  of  the  state  produced  a  great 
increase  in  the  prevalence  of  psycho-neurotic 
affections.    It  is  quite  certain  that  compensa- 


tion has  not  increased  the  prevalence  of 
nystagmus  in  the  strict  sense.  It  is  solely 
through  its  action  upon  the  psychical  and 
psycho-neurotic  aspects  of  the  disorder  that 
the  increased  frequency  of  disability  has 
come  about. 

The  leading  article  on  the  Eeport 
published  in  the  Lancet  (1922  1,  855) 
says :  '  *  .  .  .  since  the  introduction 
of  compensation  the  prevalence  of  disa- 
bilities from  miners'  nystagmus  has 
vastly  increased;  there  is  no  question 
whatever,  as  Dr.  Elvers  insists — and  in 
this  his  contention  will  be  bourne  out 
by  all  who  have  to  do  with  the  problem 
of  the  neurasthenic  war  pensioner — 
that  monetary  compensation  has  led  to 
the  actual  production,  and  stiU  more  to 
the  prolongation,  of  disability  to  work." 
The  reviewer  proceeds  to  say  that  if  the 
condition  is  largely  due  to  a  psychoneu- 
rosis  "It  is  the  man  as  much  as  the  de- 
fective illumination  that  has  to  be  put 
right.  Immense,  indeed,  is  the  problem 
for  industrial  psychology  that  is  bi  ought 
before  us." 

American  readers  will  recall  the  psy- 
chological experiments  carried  out  in 
the  later  years  of  the  war  with  the  idea 
of  fitting  the  right  man  into  the  right 
place.  Although  it  is  far  from  the 
writer's  intention  to  advise  the  coal 
owners  to  engage  a  body  of  psychiat- 
rists, it  might  be  possible,  with  a  slight 
extension  of  the  school  medical  service, 
to  attempt  a  vocational  selection  n?  boys 
about  to  leave  school. 

Inteecuebent  Illnesses 

Many  men  quite  honestly  attribute  the 
symptoms  of  the  onset  of  disease  to  nys- 
tagmus. These  men,  who  may  have  had 
a  little  inconvenience  from  a  slight  de- 
gree of  nystagmus,  persuade  themselves 
tliat  flieir  present  incapacity  is  duo  to 
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nystagmus.  Other  men  knowingly  take 
advantage  of  their  legal  right  to  com- 
pensation. The  following  ease  reports 
are  cited  as  examples. 

Case  1. — J.  B.,  aged  64,  while  proceeding 
to  work,  collapsed  and  was  brought  home 
suffering  from  heart  failure  and  acute  bron- 
■chitis,  from  which  he  nearly  died.  His  rela- 
tions became  anxious  and  sent  in  a  claim  to 
the  company  for  "bronchitis  brought  on  by 
Avork  in  the  pit."  This  claim  was  ignored. 
The  doctor  then  noticed  that  the  man  had 
oscillation  of  the  eyes,  and  as  a  result  a  cer- 
tificate   of    disablement    by    nystagmus    was 


These  cases  and  data  afford  some 
ground  for  the  belief  almost  universally 
held  by  employers  that  many  men  have 
taken  unfair  advantage  of  the  provis- 
ions of  the  Workmen's  Compensation 
Act,  and  have  used  the  compensation 
which  they  can  legally  claim  as  a  form  of 
unemplojonent  pay  or  old  wage  pension. 

Certification 

The  process  of  certification  is  briefly 
as  follows.     Under  the  present  regula- 
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Fig.    2. — Showing   rise   iu    incidence   of   miners' 

eventually  obtained.  The  appeal  by  the 
comjjauy,  on  the  ground  that  although  the 
man  showed  nystagmus  it  was  not  the  cause 
of  his  incapacity,  was  dismissed  by  the  medi- 
cal referee  who,  while  not  disputing  the  em- 
ployer's contention,  maintained  that  as  the 
man  showed  nystagmus  the  appeal  must  be 
dismissed  and  the  man  entitled  to  full  com- 
pensation. 

Case  2. — W.  T.,  aged  70,  having  a  well- 
marked  case  of  paralysis  agitans,  produced 
a  certificate  of  disablement  by  nystagmus, 
when  his  real  incapacity  was  due  to  disease. 

Case  3. — R.  E.,  aged  55,  had  recently  been 
•discharged  from  employment.  While  tres- 
passing on  a  field  he  fell  into  a  ditch  and  hurt 
iis  knee.  The  accident  was  in  no  way  caused 
by  nystagmic  vision.  He  first  tried  unsuc- 
■cessfully  to  claim  damages  against  the  farmer. 
He  then  obtained  a  certificate  for  "beat" 
Jknee,  against  which  the  emjiloyers  success- 
fully appealed.  His  next  move  was  to  obtain 
a  certificate  of  disablement  from  nystagmus, 
And  as  oscillation  of  the  eyes  was  present  no 
appeal  could  be  made. 


nystagmus  coincident  with  fall  in  wages. 

tions  of  the  Workmen's  Compensation 
Act,  1906,  a  man  suffering  from  nystag- 
mus must  produce  a  certificate  of  dis- 
ablement from  the  certifying  surgeon  of 
his  district  before  he  is  legally  entitled 
to  compensation.  The  employer  has  the 
right  of  appeal  against  this  certificate, 
within  seven  days  of  its  receipt,  to  the 
medical  referee,  whose  decision  is  final. 
If  the  employer  does  not  appeal,  the  cer- 
tifying surgeon's  certificate  is  final,  and 
the  man  is  legally  totally  incapacitated. 
If  the  man  says  that  he  is  unfit  for  any 
work,  the  employer  has  no  redress  be- 
yond taking  the  case  into  the  County 
Court,  a  most  unsatisfactory  procedure. 
The  present  definition  of  the  disease 
in  the  schedule  to  the  Act  is  a  very  broad 
one,  and  opens  the  way  for  the  inclu- 
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sion  of  eases  wliich  are  not  those  ol 
miners'  nystagmus.  The  certifying  sur- 
geon should  not  make  the  diagnosis  of 
miners'  nystagmus  on  the  history  given 
by  the  patient  unless  there  is  confirma- 
tion by  physical  examination.  Rotatory 
and  rapid  oscillation  of  the  eyes,  true 
lid  spasm  associated  with  photophobia, 
head  tremor  (when  combined  with  head 
resistance  and  baclnvard  inclination), 
and  objective  giddiness,  may  separately 
be  considered  sufficient  to  confirm  diag- 
nosis when  accompanied  by  a  typical 
history. 

Irregiilar  movements  of  the  eyes,  roll- 
ing about  of  the  eyes,  and  blinking  may 
all  be  purposive.  Above  all  it  is  impor- 
tant to  realize  that  a  miner  may  develop 
a  psychoneurosis  quite  apart  from  his 
underground  life  and,  although  he  mil 
probably  refer  his  sjanptoms  to  his 
oculomotor  apparatus,  it  by  no  means 
follows  that  the  pit  work  is  the  cause  of 
his  incapacity.  In  all  these  cases  the  cer- 
tifying surgeon  must  satisfy  himself 
that  objective  signs  are  present,  and  he 
should  not  grant  a  certificate  on  a  man's 
history  alone.  If  he  does,  he  will  con- 
firm the  man  in  his  neurosis  and  do  him 
an  unintentional  injury. 

Measuees  for  the  Peevextion  axd  Lim- 
itatiox  of  ixcapacity 

Preliminary  Eyesight  Test. — In  ad- 
dition to  the  various  recommendations 
for  the  improvement  of  underground  il- 
lumination made  in  the  Report,  some 
other  suggestions  for  the  prevention  of 
the  disease  and  the  limitation  of  inca- 
pacity liave  been  made.  The  writer  (6) 
in  1920,  when  suggesting  that  a  pre- 
liminary eye  test  should  be  carried  out 
before  engagement  of  the  workman,  pro- 
posed that  a  simple  method  would  be  for 
the  official  employing  the  man  to  make 


a  rough  estimate  of  his  eyesight  with 
the  ordinary  test  letters,  and  to  refuse 
him  employment  without  a  medical  ex- 
amination, if  he  has  less  than  6/12 
N-ision. 

This  method  has  been  carried  out  in 
the  North  Staffordshire  coal  field  since 
1913,  but  without  any  real  measure  of 
success.  It  was  strongly  advocated  by 
Anderson  in  1920  (8).  Anderson  main- 
tains that  only  men  with  refractive  er- 
rors develop  nystagmus  of  sufficient  se- 
verity to  cause  incapacity,  and  that  every 
effort  should  be  made  to  prevent  them 
from  obtaining  emplojinent  under- 
ground. Here  again  the  ser\'ices  of  the 
school  medical  officer  might  be  utilized^ 
and  a  certificate  of  freedom  from  re- 
fractive error,  obtained  upon  lea\nng 
school,  should  be  in  possession  of  youths 
seeking  underground  employment.  The 
etiological  importance  of  error  of  re- 
fraction is  under  debate,  but  the  writer's 
opinion  is  that,  even  if  it  is  not  a  factor 
in  the  actual  production  of  the  disease,  it 
is  a  factor  in  the  incapacity  which  re- 
sults. For  this  reason  steps  taken  to- 
prevent  the  entry  into  the  pits  of  lads 
and  men  with  refractive  error  wiU 
eventually  lessen  the  incidence  of  certi- 
fied cases  of  nystagmus. 

Necessity  for  Recertificatioii. — The 
writer,  in  1920,  also  suggested  that  the 
period  of  total  incapacity  should  be  lim- 
ited, and  that  the  men  should  be  required 
to  produce  fresh  certificates  yearly,, 
against  which  the  employer  should  have 
the  right  of  appeal  under  the  machin- 
ery already  existing.  The  Miners'  Nys- 
tagmus Committee  has  adopted  this 
principle  of  periodic  right  of  appeal,  and 
recommends  that  both  workman  and  em- 
ployer be  granted  power  to  appeal  to  the 
medical  referee,  at  intervals  of  not  less 
tluui  six  months  from  the  date  of  the 
original  certificate  of  disablement  or  the 
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date  of  last  appeal,  in  order  to  assess  the 
incapacity  present.  In  this  appeal  the 
medical  referee  should  certity  that  the 
man  is  either: 

1.  Totally  incapacitated. 

2.  Partially  incapacitated. 

a.  Fit  for  sux'face  work. 

b.  Fit  for  suitable  work  below 
ground. 

3.  Not  incapacitated. 
Limitation  of  Incapacity. — The  second 

principle   advocated — that     of    limiting- 


ground  workers  over  20  years  of  age 
show  the  physical  signs  of  the  disease 
but  are  free  from  symptoms.  Some  men 
develop  the  disease  within  a  few  months, 
while  others  work  underground  for 
years  w^ithout  any  inconvenience.  There 
nuist,  then,  be  a  j^ersonal  factor  which 
largely  determines  both  the  onset  of  the 
disease  and  the  incapacity  resulting 
from  it. 

The  suggestion  may  now  be  made  that 
compensation  should  automatically  drop 


TABLE  L>.— RETIRXS  FROM  MITIAL  INDEMNITY    SOCIETIES    FOR    THE    YEAR    1920 


Percentage 

Cost  per 

Percentage    of    Cases 

District 

Incidence  of 
Xystagnius 

Cases   Settled 

Case 

in  Year 
f 

Worliing 

Underground  |  Surface 

A      .     .     . 

0.6S 

0 

32 

10.39             6S.S3 

B      .     .     . 

0..54 

0 

34 

29.11             42.62 

C       ... 

1.40 

2 

47 

not  available 

D       .     .     . 

O.oS 

12 

32 

49.5               21.0 

E       ... 

1.8S 

169 

112 

3.0               33.5 

F       ... 

1.14 

5 

39 

28   per    cent,    receive    no 
compensation 

G       .     .     . 

O.SO 

10 

30 

74  per  cent,  at  work 

United   Kingtlo 

n         0.72 

the  period  of  total  incapacity — is  not 
without  precedent,  as  glass  workers' 
cataract  entitles  the  workman  to  compen- 
sation for  only  six  months.  Generally 
speaking,  all  symptoms  and  signs  of 
miners'  nystagmus  are  lost  after  the 
man  has  left  the  pit  for  two  years,  often 
long  before  this  time.  Men  only  slightly 
afflicted  can  work  on  the  surface  without 
any  delay.  Cases  in  which  the  psycho- 
neurotic element  is  marked  run  a  very 
different  course.  The  man  may  allege 
total  incapacity  years  after  he  has  left 
the  pit,  and  long  after  all  signs  of  the 
disease  have  disappeared.  It  might  be 
thought  that  if  the  compensation  of 
these  men  were  cut  down  or  stopped 
a  hardship  would  be  entailed ;  Imt  these 
men,  through  the  instability  of  their  ner- 
vous systems,  were  from  the  first  unfit 
for  pit  Avork  and  their  breakdown  was 
not  entirely  due  to  pit  Avork.  It  is  a  well- 
known  fact  that  25  per  cent,  of  all  under- 


to  two-thirds  in  the  second  year,  and  to 
one-third  in  the  third  year,  at  the  end  of 
which  period  it  should  cease,  subject  to 
an  appeal  to  the  medical  referee,  the 
onus  of  proof  to  rest  on  the  workman. 

Lump  Sum  Settlements. — The  alterna- 
tive to  the  failure  or  rejection  of  the  last 
two  policies  is  that  of  lump  sum  settle- 
ment. The  clifSculty  which  the  nystag- 
mic workman  has  in  finding  surface  em- 
plojnnent  at  his  OAvn  colliery  has  a  very 
prejudicial  effect  on  his  recovery.  Em- 
ployment above  ground,  after  a  short 
preliminary  rest  in  severe  cases,  is  the 
only  specific  cure  for  nystagmus. 

One  of  the  great  advantages  of  lump 
sum  settlement  is  that  it  leaves  the  work- 
man free  to  find  in  the  open  market  work 
which,  although  not  so  remunerative  as 
his  old  employment,  helps  in  his  recov- 
ery. Both  workman  and  employer  have 
to  cut  their  losses  and  the  former,  if  paid 
off,  does  not  allow  himself  to  drift  into 
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the  ranks  of  the  "chronics"  and  unem- 
ployables.  Table  2,  taken  from  the  Re- 
port, throws  some  doubt,  however,  on 
the  wisdom  of  general  lump  sum  settle- 
ments. 

The  high  incidence  of  the  disease,  the 
low  rate  of  return  to  work,  and  the  high 
cost  of  the  individual  cases  in  district  E 
appear  to  be  directly  related  to  the 
policy  of  settlement.  In  this  district  the 
men  and  their  leaders  are  keenly  alive 
to  the  advantages  of  lump  sum  pay- 
ments. It  is  quite  common,  however,  for 
the  men  to  return  to  work  underground 
after  a  lump  sum  settlement  has  been 
made.  The  geological  conditions,  meth- 
ods of  work,  and  life  history  of  the  cases 
show  little  difference  from  similar  con- 
ditions in  neighboring  coal  fields. 

It  is  policy,  for  example,  to  settle  as 
soon  as  possible  a  case  of  broken  leg,  if 
the  injury  is  such  that  return  to  pit  work 
is  unlikely.  One  broken  leg  case  does 
not  lead  to  another;  one  nystagmus  case 
may  lead  to  two  or  three.  The  tempta- 
tion of  a  man,  who  knows  that  he  has 
nystagmus,  to  ask  for  a  lump  sum  when 
he  hears  that  his  neighbor  has  just  been 
paid  off  for  the  same  complaint,  is  very 
great,- — too  great,  in  fact,  for  many 
workmen  in  times  of  stress.  It  follows, 
then,  that  although  in  the  individual  case 
the  policy  of  settlement  is  sound,  in  the 
aggregate  its  wisdom  is  very  doubtful.  It 
might  be  policy  for  the  employer  to 
settle  only  long-standing  cases,  of  two  or 
more  years'  duration,  for  a  sum  equal, 
for  instance,  to  three  years'  compensa- 
tion. The  workman  should  remember 
that  these  long-standing  cases  are  due 
to  a  neurosis  for  which  the  imderground 
work  is  not  primarily  responsible. 

CONCLTJSIOX 

It  would  be  ungenerous  to  conclude 
this  ])ai)('r  wiflioiil  paying  tribute  to  the 


majority  of  the  underground  worlonen. 
No  one  who  has  had  any  experience  with 
the  disease  can  fail  to  be  struck  with  the 
dogged  courage  shown  by  the  afflicted. 
Many  men  hold  on  to  breaking  strain, 
and  force  their  wills  to  overcome  the 
many  handicaps  of  the  disease. 

One  may  picture  the  suffering  work- 
man waiting  behind  at  the  pit  bottom  to 
allow  the  lamps  of  his  fellow  workmen  to 
get  out  of  sight,  slowly  developing  his 
adaptation  to  darkness,  and  groping  his 
way  to  the  coal  face  where  he  is  for  a 
time  more  at  ease.    The  constant  stoop- 
ing and  bending  soon  set  up  oscillation 
of  his  eyes  and  the  place  swims  before 
him.  He  cannot  find  any  tool  which  he 
may  happen  to  drop;  he  stumbles  over 
loose  lumps  of  coal;  he  knocks  his  head 
against  the  roof  but  still  struggles  on 
more  by  the  sense  of  touch  than  by  the 
sense  of  sight.  At  the  end  of  the  shift  he 
waits  behind  in  order  to  avoid  the  rush 
of  the  younger  men,  and  finally  reaching 
the  surface  has  the  same  difficulty  in  his 
adaptation  to  light  that  he  had  on  de- 
scent. In  the  old  days  the  miner  afflicted 
with  nystagmus  was  often  met  at  the 
pit  top  by  his  wife  or  child,  and  taken 
home.    The  giddiness  which  he  develops 
keeps  him  at  home  through  fear  of  being 
mistaken  for  a  drunken  man ;  the  photo- 
phobia sends  him  to  bed  when  the  lamps 
are  lighted;  while  headaches  and  dis- 
turbing dreams  spoil  his  night's  rest. 
These  are  the  conditions  under  which 
many  men  show  an  endurance,  not  for 
one  glorious  moment,  but  for  months, 
and  their  simple  statement  "I  went  as 
long  as  I  could"  chronicles  a  struggle  of 
which  any  man  might  be  proud. 

SUMM.VEY 

1.  The  incidence  of  certified  cases  of 
miners'  nystagmus  has  greatly  increased 
since  llie  introduction  of  counxMisatiou, 
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wliile  unemployment  and  low  wages  have 
a  similar  effect. 

2.  The  incapacity  caused  by  the  dis- 
ease is  largely  due  to  the  development  of 
psychoneurotic  symptoms. 

3.  The  economic  loss  caused  by  the 
disease  in  Great  Britain  is  at  least 
£1,000,000  a  year. 

■i.  The  following  measures  for  the 
prevention  and  lunitation  of  incapacity 
are  recommended : 

a.     A  preliminary  eye  test  before 
ena'agement. 


b.  Provision  of  surface  work. 

c.  Right  of  periodic  appeal  to  a 
medical  referee. 

d.  The  automatic  and  gradual  limi- 
tation of  the  amount  of  compensation 
paid. 

e.  A  restricted  policy  of  lump  sum 
settlements. 

f.  The  expansion  of  the  school 
medical  services  for  vocational  selec- 
tion of  boys  suitable  for  work  under- 
ground. 
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OBSERVATIONS  UPON  THE  EFFECTS  OF  EXPOSURE  TO  ARSENIC 
TRICHLORIDE   UPON   HEALTH* 

The  Late  Sheridan  Dei.epixe,  .M.B..  CM..  !M.Sc. 


Prefatory  Note 

A  WORKMAN  employed  during  the 
-^*-  war  period  in  England  upon  the 
commercial  production  of  arsenic  tri- 
chloride died  following  the  accidental 
spilling  of  some  of  this  fluid  over  his 
right  leg.  This  fatality  led  to  an  in- 
quiry into  the  true  cause  of  death,  and 
to  an  examination  of  the  conditions  un- 
der which  arsenic  trichloride  is  manu- 
factured and  of  the  dangers  to  which 
the  workmen  are  exposed.  Laboratory 
research  was  undertaken  to  investigate 
(a)  the  local  caustic  action  of  arsenic 
trichloride,  (&)  the  absorption  of  the 
poison  through  the  skin,  (c)  the  results 
of  inhaling  its  vapor,  and  (d)  the  way 
in  which  risk  to  the  Avorkmen  might  be 
avoided.  The  paper  which  follows  em- 
bodies the  results  of  these  different  in- 
quiries and  investigations. 

Ina-estigatiox  ixto  a  Fatality  Follow- 
ixG  Spilling  of  Aesexic  Tkichloeide 
UPON  the  Leg 

The  deceased,  a  man  aged  47,  was  em- 
ployed in  the  manufacture  of  arsenic 
trichloride  at  a  chemical  works.  The  ap- 
pearance of  the  leg  is  indicated  in  Fig- 
ure 1.  Examination  of  the  organs  and 
products  of  the  body  gave  the  results 
embodied  in  Table  1. 

In  order  to  stop  putrefaction  the 
organs,  with  the  exception  of  the  stom- 

*Tliis  article  has  been  considerably  condensed 
from  manuscript  prepared  for  imblication.  which 
was  found  amonfr  the  papers  of  the  autlior  and 
was  kindly  placed  at  the  disposal  of  this  .Toik.nal 
by  his  literary  executor.  Received  for  publication 
April  21,  1922. 


aoh,  were  inunersed  in  a  small  amount 
of  formaldehyde  solution  (carefully 
tested  and  free  from  arsenic).  No 
formaldehyde  was  added  to  the  blood. 
After  a  few  days  a  fairly  large  amount 
of  arsenic  was  found  to  have  been  taken 
up  by  the  formaldehyde  solution,  and  as 
time  went  on  the  amount  of  arsenic 
which  could  be  recovered  from  the  or- 
gans was  found  to  have  materially 
diminished.  The  same  phenomenon  was 
observed  in  samples  of  urine  containing 
arsenic  to  which  formal  had  been  added. 

The  large  amount  of  arsenic  found  in 
all  the  organs  examined  indicated  that 
some  soluble  compound  of  arsenic  had 
been  freely  distributed  through  the 
body,  in  all  probability  by  the  blood  and 
lymph.  The  considerable  amount  of 
arsenic  present  in  the  liver  can  be  ex- 
plained by  the  well-kno^Ti  tendency 
which  the  poison  has  to  be  stored  up  in 
tliis  organ.  The  large  amount  of  arsenic 
found  in  the  lung  cannot  be  explained  in 
the  same  way,  and  strongly  suggests 
that  shortly  before  death  the  patient 
had  inhaled  air  laden  with  arsenic  in 
some  form.  How  much  arsenic  was  ab- 
sorbed through  the  slcin  of  the  leg  can- 
not be  inferred  from  the  results  of  the 
])ostmortem  examination. 

The  microscopic  examination  of  the 
organs  showed  that  the  heart,  liver,  kid- 
ney, pancreas,  and  the  gasti'ic  and  duo- 
denal glands  were  in  a  state  of  acute 
granulo-fatty  degeneration;  in  addition 
to  this,  the  liver  and  kidney  showed 
slight  chronic  interstitial  changes.  The 
parenchymatous  lesions  were  undoubt- 
edly the  result  of  acute  arsenicism;  the 
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chronic  interstitial  lesions  may  or  may 
not  have  been  caused  by  chronic  poison- 
ing of  the  same  kind.  The  state  of  the 
lungs  also  suggested  the  sudden  action 
of  some  very  irritating  gas. 

Owing  to  the  fact  that  the  patient  suf- 
fered from  suppression  of  urine  almost 
from  the  tirst  hours  of  his  illness,  death 
may  be  attributed  to  failure  of  the  kid- 
ney, but  the  state  of  the  lungs  was  suffi- 
cient to  cause  death,  and  the  lesions  of 
the  liver,  pancreas,  and  heart  would  also 
have  been  fatal  more  or  less  rapidly. 
The  actual  cause  of  the  death  was, 
therefore,  acute  arsenicism. 

These  findings  indicated  that  men  en- 
gaged in  the  same  work  as  that  on  which 
the  deceased  Avas  employed  were  proba- 
bly exposed  to  very  material  danger, 
even  in  the  absence  of  such  an  accident 
as  that  which  brought  about  the  fatal 
issue.    The  changes  and  the  amounts  of 


tricliloriile  hiul  bt-en  spilU'd  uiwui   it. 


arsenic  found  in  the  various  organs  in- 
dicated that  in  all  probability  the  cu- 
taneous lesion  was  not  the  only  channel 
through  which  arsenic  had  penetrated; 
and  that  the  man  had  breathed  air  heavi- 
ly laden  with  poison. 

Under  the  supervision  of  Dr.  A.  E. 
]\IcKenzie  specimens  of  hair  and  also 
samples  of  urine  were  obtained  from 
two  men  who  had  been  engaged  on  the 
same  work  for  six  months.  Both  sam- 
ples contained  a  material  amount  of 
arsenic.  In  addition  to  this,  the  pres- 
ence of  a  large  amount  of  purin  bodies 
and  of  indican  suggested  the  existence 
of  degenerative  changes  in  the  tissues. 
The  amount  of  arsenic  found  in  the  hair 
Avas  considerable.  The  bulk  of  it  was 
in  the  substance  of  the  hair,  for,  after 
boiling  it  for  one  hour  with  13  per  cent, 
hydrochloric  acid  and  extracting  a  first 
quantity  of  arsenic,  a  still  larger  quanti- 
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ty  was  obtained  by  boiling  the  hair  again 
for  two  hours  in  13  per  cent,  hydrochlor- 
ic acid.  The  results  of  the  examination 
of  these  samples  are  shown  in  Tables 
2  and  3. 


commercial  product  used  was  prepared 
according  to  this  method.  It  is  an  oily, 
very  mobile  fluid,  having  a  slight  brown- 
ish color  (pure  arsenic  trichloride  is 
colorless),  and,  when  exposed  to  ordi- 


lABLE   1  —APPROXIMATE  ESTIMATE  OF  THE  AMOUNT  OF  ARSENIC  PRESENT  IN  ORGANS 
AND    PRODUCTS    AVAIIiABLE  FOR  EXAMINATION 


Organ  or  MateriaU 


Average 
Weight  of 
Organs 


Actual 
Weight  of 
Organs 
(if  Deceased 


Value  of  SubU- 
mate  Obtained 
by  Reinseh- 
Delfipine 
Method  per 
Gram  of  Origi- 
nal Material 


Calculated    Amount 
of   Arsenic   Trioxide 


Material    Examined 


Moderate 
Estlmatei 


Maximum 
Estimate^ 


Liver,     after    immersion    in 

formaldehyde  for  10  days 

(S.D.)    1,579 

(f)   Liver,     after    immersion    in 

formaldehyde    for    1    day 

(H.H.)    1,579 

Left  lung  (S.D.)    618 

(f)   Left  lung    (H.H.)    618 

Eight  lung   (iS-2 

Left    kidney     

(f )  Bight  kidney  

PancreJis     102 

(f )   Stomach    200 

(f)  Heart     400 

(f )   Blood  of  heart  1  approximate 

(f)   Blood    of    heart,    lung,    and  I  amount  of 

iiidnev    J  blood  aliont 

4,000 

Omental   fat    

Bile    

Urine    

First   formal   extract    (liver, 

500;   lung,  400;   pancreas, 

60;  kidney,  40;  reduced  to 

350  c.c.)    

Second    formal    extract    of 

the  same   (not  reduced)..  


1,475 


III!/. 


0.09 


0.13275 


1,475 

(0.2) 



0.295 

830 

0.02 

0.0166 



830 

(0.10) 

_  _ 

(I.0S3 





0.01364 



fl59 

(0.00318) 

[160 

0.02 

0.00320 

102 

0.025 

0.00255 





0.0025 

(0.0005) 



380 

0.005 

0.0019 



0.0033 

0.0132 



-- 

0.015 
present 
present 

-- 

350 

0.06 

0.021 

650 

0.0016 

0.00104 

0.209563 

1  All  thp  organs  had  been  kept  for  several  days  in  4  per  cent,  formaldehyde  solution  except  those 
marked   (f),  which  had  been  kept  only  a  few  hours  in  the  solution. 

2  In  organs  nearly  fresh. 

3  According  to  the  maximum  estimates  0.22865  should  be  added,  making  a  total  of  0.43821. 


Methods  of  Analysis 

The  method  devised  nearly  three  hun- 
dred years  ago  by  the  Dutch  chemist, 
Glauber,  is  still  in  use  for  the  prepara- 
tion of  arsenious  chloride,  or  trichloride 
of  arsenic  (AsCls).  It  consists  in  dis- 
tilling a  mixture  of  arsenic  trioxide  with 
sulphuric  acid  and  sodium  chloride.  The 


nary  air,  it  emits  fumes  and  evaporates 
fairly  rapidly.  It  is  very  poisonous  and 
has  well-known  caustic  properties 
(caustic  oil  of  arsenic).  When  it  is 
mixed  with  less  than  the  quantity  of 
water  necessary  to  decompose  it  com- 
pletely, an  oxychloride  of  arsenic  (AsO, 
CI,  HsO)  is  produced.  When  a  larger 
amount  of  water  is  employed,  the  final 


DELEPINE— EFFECTS  OF  AESENIC  TRICHLORIDE 


349 


products  are  liydrocliloric  acid  and 
arsenic  trioxide,  the  greater  part  of  the 
latter  being  ^precipitated. 

Ammonia  gas  is  absorbed  by  arsenic 


TABLE  2.— APPROXI5IATE  AMOUNT  OF  AR- 
SENIC IN  HAIR  AND  IRINE  OF  TWO 
WORKMEN  AT  SAME  PLANT  AT  WHICH 
DECEASEIi  WAS  EMPLOYED 


Is. I""- 


ijin. 

my. 

gin. 

H.  H.2 

Hair 

0.2&7 

2.64 

P.  W.  G.2 

Hair 

0.235 
c.c. 

3.78 

H.H. 

Urine 

750 

0.00196 

0.001470 

P.  W,  G. 

I'rine 

360 

0.00223 

O.O0OS02 

^  Only  a  small  amount  of  hair  w 
men  kept  their  hair  very  short.  The  ' 
for  twentv-four  hours. 

"H.  H.,  aged  45;   P.  W.   G.,  aged  35.     Both 
regularly  employed  at  tlie  plant  for  sl\  months. 


may  be  expected  to  take  place  in  mix- 
tures of  air  and  arsenic  trichloride  va- 
pors. The  phenomena  observed  sug- 
gest the  existence  of  many  intermedi- 
ary products  which  must  be  of  consid- 
erable theoretical  and  practical  inter- 
est to  chemists. 

In  all  the  experiments  performed  for 
the  purpose  of  ascertaining  the  effects 
of  arsenic  trichloride  upon  the  health  of 
workers  and  other  persons,  crude 
arsenic  trichloride  from  a  factory  was 
used.  In  the  experiments  devised  for 
the  study  of  the  mode  of  diffusion  in  the 
air,  in  addition  to  the  crude  product, 
some  pure  arsenic  trichloride  was  used 
for  purposes  of  comparison.  The  close 
resemblance  between  the  results  ob- 
tained with  the  pure  and  with  the  com- 
mercial products  showed  that  the  effects 
observed  were  chiefly,  if  not  entirely, 
due  to  arsenic  trichloride. 


TABLE  3.— GENERAL  CHARACTERISTICS  OF    THE   IRINE   OF   TWO   WORKMEN    EXAMINED 


Color 


Sediment 


Specific  gravi 
Acidity 

Albumin 
Glucose 
Bile  pigment 
Indican 


H.  H. 
Dark  reddish  yellow;  on  standing  be- 
came dark  sherry  color 
On  standing,  amorphous  pale  urates 
deposited  first,  then  uric  acid  and 
large  octahedral  crystals  of  oxalate  of 
lime.     Yeasts  were  numerous 

1030 
Considerable,  increased  on  standing  for 
several  days 
No  appreciable  amount 


Very  abundant 


P.   W.   G. 
Reddish  yellow,  not  so  dark  as  that  of 
H.  H. ;  on  standing  became  darker 
Same  as  in  case  of  H.  H.,  but  on  stand- 
ing   neither   uric    acid    nor    oxalate   of 
lime  separated.     Yeasts  were  abundant 

1027 
Same  as  in  case  of  H.  H. 

No  appreciable  amount 


Present,  but  less  abundant  than  in  case 
of  H.  H. 


trichloride  with  the  production  of  a 
white  solid,  for  which  various  formulae 
have  been  given  by  some  of  the  earlier 
workers  (H.  Rose,  Pasteur,  and 
Michaelis).  For  the  present  purpose, 
2  AsCU,  7  NH3  (Rose)  will  be  sufficient 
simply  to  indicate  in  a  broad  way  the 
nature  of  some  of  the  changes  which 


Hydrochloric-Copper  Method. — In  the 
early  parts  of  this  investigation  the  only 
method  used  was  one  described  briefly 
in  the  British  Medical  Journal,  Jan.  12, 
1901^  and  more  fully  in  evidence 
given  before  the  Royal  Commission  on 

iDelepine,  S. :  The  Detection  of  Arsenic  in  Beer 
and  Brewing  Material.   Brit.  Med.  Jour.,  1901,  i,  81. 
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Arsenical  Poisoning.  This  method  is 
suitable  for  the  direct  analysis  of  animal 
and  vegetable  products  containing 
arsenious  compounds,  and  it  makes  pos- 
sible the  detection  of  0.01  mg.  of  arsenic 
trioxide  in  100  gm.  of  fluid  (correspond- 
ing to  a  dilution  of  1  in  10,000,000).  In 
this  method  trichloride  of  arsenic  is 
first  produced,  then  arsenide  of  copper, 
which  is  then  converted  to  arsenic  tri- 
oxide and  collected  in  the  form  of  a 
crystalline  sublimate  in  suitable  subli- 
mation tube^.  For  short,  this  method 
is  referred  to  as  the  hydrochloric-cop- 
per method. 

When  the  amount  of  arsenic  in  100 
gm.  of  the  material  corresponds  to  more 
than  0.01  and  less  than  0.1  mg.  of  arsenic 
trioxide,  it  is  possible  to  estimate  with 
approximate  accuracy  the  amount  of 
arsenic  jDresent  in  the  material,  by  com- 
paring the  sublimates  obtained  with 
standard  sublimates.  In  order  to  ob- 
tain more  accurate  estimates,  it  is  nec- 
essary to  bring  the  amount  of  arsenic 
in  the  amount  of  material  tested  to  be- 
tween 0.02  and  0.05  mg.  This  can  easily 
be  done  by  concentration  or  dilution  of 
the  original  material. 

Fluids,  such  as  urine  or  solutions  ob- 
tained by  washing  air  or  various  arti- 
cles in  suitable  solvents,  can  be  dealt 
with  directly.  To  100  c.c.  of  these  fluids, 
20  c.c.  of  arsenic-free  hydrochloric  acid 
and  two  equal  pieces  of  arsenic-free  cop- 
per foil  having  an  aggregate  surface  of 
144  sq.  mm.  are  added.  This  mixture  is 
kept  boiling  uninterruptedly  for  two 
hours.  The  two  pieces  of  copper  are 
then  thoroughly  washed  and  dried,  and 
one  of  the  pieces  is  carefully  heated  in 
a  sublimation  tube  of  standard  size. 

Solids,  such  as  hair,  liver,  kidney  and 
other  organs,  previous  to  being  treated 
as  described  in  the  foregoing,  are  dis- 
integrated by  being  boiled  for  about  two 
hours  with  as  much  arsenic-free  hydro- 


chloric acid  and  water  as  is  necessary 
to  bring  the  proportion  of  strong  hydro- 
chloric acid  to  one-third  of  the  total  mix- 
ture. To  prevent  loss  of  arsenic  tri- 
chloride, all  these  operations  are  con- 
ducted in  flasks  provided  witli  reflux 
condensers. 

We  were  convinced  that,  after  ex- 
posure to  arsenic  trichloride  fumes  for  a 
comparatively  short  time,  hair  and  other 
products  became  laden  with  a  large 
amount  of  arsenic,  and  that  ordinary 
volumetric  methods,  such  as  the  iodine 
metliod,  would,  therefore,  be  sufficient- 
ly delicate  for  practical  purposes.  This 
Adew  was  confirmed  by  the  results  ob- 
tained by  Mr.  Heap,  who  was  entrusted 
with  the  volumetric  estimations  of  the 
arsenious  compounds  collected  in  the  va- 
rious fluids  or  on  the  surface  of  the  test 
plates  used  in  connection  with  experi- 
ments upon  the  distribution  of  arsenic 
trichloride  in  the  air.  This  method  of 
estimation  was  conducted  by  Mr.  Heap 
as  follows : 

Iodine  Volumetric  Method. — Wlien  the 
arsenious  compound  is  in  solution  in 
water  the  titration  is  made  by  rendering 
the  solution  quite  alkaline  with  sodium 
bicarbonate,  adding  an  excess  of  cen- 
tinormal  iodine  solution,  and  titrating 
back  the  excess  with  standardized  sodi- 
um thiosulphate.  In  cases  where  potas- 
sium hydrate  has  been  used  either  as 
absorbent  or  as  solvent  for  the  arseni- 
ous compound,  the  potash  is  neutralized 
by  the  addition  of  an  excess  of  hydro- 
chloric acid;  then  the  excess  of  acid  is 
neutralized  by  careful  addition  of  so- 
dium bicarbonate,  and  afterwards  an 
excess  of  sodium  bicarbonate  is  added. 
This  solution  is  titrated  as  stated  above. 
From  the  amount  of  iodine  required  for 
oxidation,  the  quantity  of  arsenic  pres- 
ent as  arsenious  acid  is  calculated. 

It  is  possible  by  this  method  to  esti- 
mate quantities  of  arsenious  compounds 
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exceeding  0.025  mg.  (0.000025  gm.). 
Results  indicating  quantities  below  50 
mmg.  cannot  be  expected  to  have  a  high 
degree  of  accuracy. 

Estimates  of  the  amount  of  arsenic 
in  some  samples  of  hair  were  made  by 
both  the  iodine  method  and  the  hydro- 
chloric-copper method  for  purposes  of 
comparison,  and  the  results  were  found 
to  be  in  general  agreement.  (The  fig- 
ures given  in  the  sections  relating  to 
hair  and  urine  have  all  been  obtained  by 
the  hydrochloric-copper  method ;  those 
relating  to  arsenic  collected  from  the 
air,  in  fluid  solvents,  or  on  test  plates 
have  been  generally  obtained  by  the 
iodine  method). 

Unit  Used  for  Recording  Purposes. — 
For  the  purpose  of  making  it  possible 
to  compare  easily  the  proportional 
amount  of  arsenic  in  various  animal  or 
other  products,  it  is  convenient  to  take 
the  millimilligram  as  a  unit  (0.000001 
gm.)  and  to  calculate  the  amount  of  ar- 
senic (as  arsenic  trioxide)  present  in 
standard  quantities  of  100  gm.  of  solids 
or  100  c.c.  of  liquids.  With  regard  to 
gases,  1,000,000  c.c.  might  be  adopted 
as  a  standard  quantity  approximating 
roughly  the  solid  and  liquid  standards 
(1,112,000  c.c.  of  hydrogen  weigh  100 
g-m.  at  0°C.  and  760  mm.  pressure.  A 
cube  with  a  100  cm.  side  contains 
1,000,000  c.c). 

The  millimilUgram  unit  is  below  the 
limit  capable  of  direct  estimation.  The 
smallest  amount  which  can  be  deter- 
mined by  direct  observation  when  the 
hydrochloric-copper  method  is  used  is 
1  cmg. ;  the  adoption  of  the  millimilli- 
gram unit  is,  however,  convenient  to 
avoid  fractions  in  calculated  results. 
The  iodine  method  is  less  delicate  and  is 
open  to  various  objections,  but  as  an 
estimate  can  be  made  by  a  single  analy- 
sis, it  saves  a  considerable  amount  of 
"time. 


Amount  of  Aksenic  in  Haie  and  Ueine 
OF  Persons  and  Animals  Exposed  to 
Aesenic  Teichloeide  Fumes,  and  op 
Othee  Persons  and  Animals 

In  summing  up  the  results  of  this  part 
of  the  investigation  it  will  be  convenient 
to  divide  them  among  the  follomng 
groups : 

A.  Men  engaged  in  the  manufacture 
of  arsenic  trichloride. 

B.  Chemists  frequently  sampling  and 
testing  arsenic  trichloride. 

C.  Patients  treated  with  organic  ar- 
senical preparations  taken  internally. 

D.  Persons  working  in  a  laboratory 
where  experiments  involving  the  occa- 
sional handling  of  arsenic  trichloride 
are  conducted. 

E.  Animals  not  exposed  to  arsenic 
trichloride  fumes. 

F.  Laboratory  worker,  experiment- 
ing with  arsenic  trichloride  under  favor- 
able conditions,  before  and  after  short 
exposures  to  the  fumes. 

G.  Animals  exposed  experimentally 
to  arsenic  trichloride  fumes. 

The  main  results  are  summed  up  in 
Table  4;  other  cases  and  fuller  details 
will  be  found  in  later  sections. 

Effects  of  Expeeimental  Exposures  to 
Arsenic  Teichloeide  Fumes 

The  animals  used  in  these  experiments 
were  rabbits,  guinea-pigs,  rats,  and  mice. 
The  experiments  were  attended  with 
some  difficulty  on  account  of  the  mobil- 
ity of  the  fluid  and  of  the  diffusibility  of 
the  vapors ;  this  was  a  source  of  trouble 
not  only  on  account  of  the  care  which 
had  to  be  exercised  in  order  to  limit  the 
action  of  the  poison,  but  also  on  ac- 
count of  the  unpleasant  effects  which  the 
experimenter  experienced  at  times. 

The  experiments  may  be  divided  into 
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TABLE  4— AMOUNT  OF  ARSENIC  FOUND  IN  HAIR  AND  URINE  OF  PERSONS  AND  ANIMALS 
EXPOSED  TO  ARSENIC  TRICHLORIDE  FUMES  AND  OF  SOME  OTHER  PERSONS  AND 
ANIMALS 


Group 


Subject 


Arsenic  i      Arsenic 

per  UK)  Gm.  i>er  ILIOC.C. 

of  Hair  of  Urine 

Minff.  \       Mmij. 


A.  Persons  engaged  in 
manufacture  of  arse- 
nic  trichloride 


Amount  of  Arsenic  in  Hair  and  Urine  of  Persons   in  Groups  A,  B,   C,  and  D 
H.  Sept.  264,000  220 


B.  Chemists  ensaged  in 
sampling  and  testing 
arsenic    trichloride 


C.  Patients  taking  arse- 
nic internally,  not  ex- 
posed to  arsenic  tri- 
chloride 

D.  Persons  working  in 
a  laboratory  where 
occasional  analyses  of 
arsenical  products  are 
conducted.  Seldom 
expo.sed  to  arsenic 
trichloride  and  tlien 
to  a  very  slight  ex- 
tent. All  dwellers  in 
a  large  industrial 
town 


F.    S. 
F.  D. 


Oct. 

Dec. 

Sept. 

Oct. 


500,000 


80 


6,000    under     10 
378,000  250 

600,000  SO 


Dec. 

25,000 

under  10 

A. 

Nov. 

22,500 

B. 

" 

75,000 

" 

K. 
J. 
H. 

Oct. 

Nov. 
Oct. 

Nov. 
Jan. 

80,000 

60,000 
75,000 

45,000 
280,000 

("55! 

lio 

under  10 
(-40 
140 

under  10 

9523 

Dec. 

8,000 

36,000 

9524 

" 

7,000 

8,000 

H.  H. 

S.  D. 

Oct. 

4,000 
3,000 

under   5 

3.000 
3,000 


After  a  short  period  of  rest 
following  material  ex- 
posure. 

After  one  month's  work 
under  improved  condi- 
tions. 

After  two  months'  suspen- 
sion of  work. 

After  short  suspension  of 
work  after  material  ex- 
posure. 

After  one  month's  work 
under  improved  condi- 
tions. 

After  two  months'  suspen- 
sion of  work. 

After  suspension  of  work 
for  several  weeks. 

After  suspension  of  work 
for  several  weeks. 

Preventive  precautions  not: 
long  in  force. 

One  month  later. 


Chemist   engaged   in   work 
at  B.   R.   plant    (arsenic 
trichloride). 

Ends  of  long  hair  only  ex- 
amined   (female). 
Ends  of  long  hair  only  ex- 
amined   (female). 

Chemical  work  chiefly. 

ExiK'rimental  biological 
work  chiefly. 

Clerical  work  chiefly ;  end 
of  long  hair,  covered  by 
other  hair   (F). 

General  laborator.v  worker. 

Laboratory  work,  including 
the  use  of  arsenical  solu- 
tions. . 

General  work  and  glass 
blowing. 

lii'iUM-nl   laliaratory   work. 


two  main  groups:  (1)  immction  ex- 
periments— namely,  those  in  which  ar- 
senic trichloride  was  applied  to  the  skin 
(the  respiratory  organs  being  protect- 
ed) ;  and  (2)  inhalation  experiments. 

In  all  these  experiments  crude  arsenic 
trichloride  was  used.  Its  properties  cor- 
responded in  all   important  particulars 


with  those  of  pure  arsenic  trichloride 
prepared  at  the  laboratory. 

Direct  Application  of  Arsenic  Trichlo- 
ride to  the  Skin 

The  ob.iect  of  these  experiments  was 
to  a.scertain  not  onlv  the  nature  of  the 
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Group 


Subject 


Date 


Arsenic 

per  100   Gm. 

of   Hair 

Mmff. 


Arsenic 

per  100  G.C. 

of  Urine 

ilmg. 


Amount  of  Arsenic  in  Hair  of  Animals  Kept  in  Toirn 

E.  Animals     in     animal         rabbit        Oct.  16  1,500 

liouse.   Not  exposed  to 
arsenic  trichloride         C  guinea-pigs  Dec.  21  4,000 


Coke  fire  beginning.  Dor- 
sal bair  cbiefly. 

Coke  fire  for  two  months. 
Dorsal  hair. 


Amount  of  Arsenic  Found  in  Hair  of  One  Person  and    Several    Animals    Exposed    Expcrimsntally    to 

Arsenic  Trichloride  Fumes 


P.  Laboratory      worker  S.  D. 

before  and  after  ex- 
posure to  arsenic  tri- 
chloride "    " 


Oct. 

16 

3,000 

Dec. 

16 

6,000 

Dec. 

21 

19,000 

Jan. 

28 

40,000 

Before  beginning  experi- 
ments with  arsenic  tri- 
chloride. 

After  carrying  out  occa- 
sional experiments  with 
arsenic  trichloride  in  the 
course  of  six  weeks. 

Three  hours  after  visiting 
an  arsenic  trichloride 
plant. 

Eight  days  after  making 
experiments  with  the 
215,000  c.c.  chamber. 


G.  Animals  exposed  ex-     guinea-pig   Dec.     8      dorsal,  35,000 
perimentally   to   arse-  ventral,  27,500 

nic   trichloride  fumes 

dorsal,  40,000 

Dec.  16    ventral,  12,000 

•      Dec.  11        —  — 


Dec.  21       dorsal,  21,000 

Dec.  11       dorsal,  95.000 

dorsal,  70,000 
Jan.  18    dorsal,  100,000 

"     dorsal,  160,000 


Porty-flve  minutes'  expos- 
ure to  fumes  scarcely 
visible  near  inlet  of 
chamber. 

Companion  to  guinea-pig 
in  above  experiment. 

One  hundred  and  fifty  min- 
utes' exposure  to  invisi- 
ble fumes  of  arsenic  tri- 
chloride. 

Dorsal  hair  of  two  guinea- 
pigs  clipped  ten  days 
after  exposure. 

Forty  minutes'  exposure  to 
dense  visible  fumes  of 
arsenic  trichloride. 

Companion  to  guinea-pig 
in  above  experiment. 

Eighty-eight  hours  after 
exposure  to  dense  arse- 
nic trichloride  fumes. 

Eighteen  hours  after  ex- 
posure to  air  loaded  with 
arsenic   trichloride. 


local  lesions,  but  also  to  what  extent 
absorption  took  place  through  the  skin, 
and  thus  exposed  the  animal  to  general 
poisoning. 

Immediately  after  arsenic  trichloride 
is  applied  to  the  skin,  a  bulky  light  cloud 
arises  from  the  treated  part  and  contin- 
ues to  be  visible  in  a  gradually  diminish- 


ing degree  for  about  twenty  to  thirty 
minutes.  In  order  to  prevent  the  vapors 
from  reaching  the  respiratory  passages, 
it  was  necessary  to  drive  the  fumes  away 
from  the  mouth  and  nose  by  causing  a 
current  of  air  to  pass  over  the  animal 
from  head  to  tail.  For  this  purpose  a 
strong  current  of  air  was  produced  by  an 
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•electric  fan,  and  the  fumes  were  driven 
out  of  the  room  through  an  open  Avindow 
inmiediately  .behind  the  animal. 

Except  in  one  experiment,  in  which  a 
small  fraction  of  the  fluid  crept  up  ac- 
cidentally along  the  skin,  only  the  distal 
half  of  the  tail  of  each  rat  was  treated. 
This  arrangement  permitted  the  tail  to 
be  thoroughly  washed  by  dipping  and 
agitating  it  in  a  large  amount  of  water 
at  definite  intervals  in  order  to  remove 
that  portion  of  the  caustic  which  had 
not  already  isenetrated  into  the  tissues. 
Arsenic  trichloride  was  applied  to  the 
skin  by  means  of  a  0.25  c.c.  or  of  a  0.10 
c.c.  glass  pipette.  The  fluid  appeared 
to  dry  rapidly,  the  hair  and  skin  becom- 
ing rapidly  covered  by  a  wliite  eiSores- 
cence.  After  being  kept  under  observa- 
tion for  some  time,  the  animals  were 
transferred  to  cages  in  which  their  ex- 
creta could  be  collected.  After  the 
death  of  each  animal  a  postmortem  ex- 
amination was  made,  and  various  tissues 
or  organs  were  taken  for  microscopic 
and  chemical  examination. 

Owing  to  the  smallness  of  the  organs 
in  the  rat,  it  was  difficult  to  estimate  with 
much  accuracy  to  what  extent  arsenic 
passed  into  the  subcutaneous  tissue  and 
how  it  was  distributed  in  the  various 
organs.  It  was,  therefore,  necessary  to 
use  a  rabbit.  The  animal  was  placed 
with  its  tail  toward  an  open  window,  and 
during  the  experiment  air  was  driven 
from  head  to  tail  so  as  to  cause  the  ani- 
mal to  breathe  only  fresh  air.  Then  0.12 
d'.c.  of  arsenic  trichloride  was  applied  to 
the  back  of  the  inner  border  of  each  ear, 
so  as  to  cover  only  the  distal  two-thirds 
of  the  organ  over  a  width  of  1  to  2  cm. 
After  an  interval  of  one  minute  one  of 
the  ears  was  washed  with  an  abundant 
stream  of  water,  after  which  it  was  dried 
with  filter  pai)er.  The  other  ear  was 
washed  live  minutes  after  treatment. 

The  a|)plication  of  arsenic  trichloride 


was  at  once  followed  by  evidence  of 
sharp  pain  which  subsided  almost  imme- 
diately, the  part  treated  becoming  rapid- 
ly insensitive,  but  the  skin  in  the  imme- 
diate neighborhood  was  painful  when 
touched.  The  application  of  water  was 
apparently  painful  at  first,  but  the  pain 
disappeared  rapidly.  The  roots  of  both 
ears  remained  painful  to  the  touch  until 
the  animal  died. 

The  same  efflorescence  Avhicli  had  been 
noticed  in  the  experiment  on  the  rat  was 
ob\4ous.  This  was  reduced  by  washing 
but  reappeared  when  the  ear  again  be- 
came dry.  When  the  ears  were  appar- 
ently dry,  the  animal  was  removed  to  its 
cage,  where  it  remained  quiet  and 
showed  no  sign  of  pain  nor  any  desire  to 
escape. 

The  following  is  a  summary  of  the  re- 
sults of  four  exjieriments  in  which  ar- 
senic trichloride  was  applied  to  the  skin 
of  animals. 

Experiment  1. — This  consisted  in  the  ap- 
plication of  0.25  gm.  of  arsenic  trichloride  to 
the  greater  part  of  the  tail  of  a  white  rat. 
The  tail  dried  rapidly  and  was  afterwards 
covered  with  a  white  efflorescence.  Death  oc- 
curred an  hour  and  a  quarter  after  the  ap- 
plication of  the  arsenic  trichloride. 

The  amount  of  arsenic  (as  arsenic  trioxide) 
found  by  postmortem  examination  was  as 
follows  : 

Mmg.  per  100  Gm. 

Liver 3,320^ 

Hair  of  back  and  sides  (It  is  possible 

that  some  fluid  had  spread  ui)   the 

skin  of  the  back.) '2')  n()0 

Middle  part  of  tail 25,000 

lOwiug  to  an  accident,  this  estimate  is  not  re- 
liable; the  actual  amount  of  arsenic  in  the  liver 
was  .probably  quite  small.  It  seemed  desirable, 
liowever,  to  record  all  the  results  obtained. 

Experiment  2. — In  this  experiment  0.25 
gm.  of  arsenic  trichloride  was  applied  to  the 
distal  half  of  the  tail  of  a  white  rat.  The  fluid, 
however,  spread  along  the  skin  toward  tlie 
root  of  the  organ.  After  a  minute  and  a  half, 
the  distal  half  of  the  tail  was  washed  in 
water ;  a  minute  and  a  half  later  the  tail  was 
washed  again  up  to  about  2  cm.  from  its  root, 


DELEPINE— EFFECTS  OF  ARSENIC  TRICHLORIDE 


and  was  dried  with  filter  paper.  The  rat 
was  killed  three  days  and  eight  hours  after 
the  application  of  the  arsenic  trichloride. 

The  amount  of  arsenic  (as  arsenic  trioxide) 
found  by  postmortem  examination  was  as 
follows : 

Mmg.  per  100  Gm. 

Brain   3,900 

Liver    740 

Muscles  and  bones  of  neck,  thorax,  and 
anterior  lumbar  region  (limbs,  head, 
posterior  lumbar  and  sacral  region 
not  included) 468 

Experiment  3. — In  this  experiment  0.1  gm. 
of  arsenic  trichloride  was  applied  to  the  dis- 
tal half  of  the  tail  of  a  white  rat.  Fumes 
were  visible  for  thirty  minutes.  The  hair 
rapidly  became  coated  with  a  white  efflores- 
cence. Death  occurred  three  days  and  five 
hours  after  exposure. 

The  amount  of  arsenic  (as  arsenic  trioxide) 
found  upon  examination  was  as  follows : 

Mmg.  per  100  Gm. 

Liver     600 

Bones  and  muscles  of  sacrum  and  lum- 
bar region 220 

Urine    collected   between    fourth    and 

fifty-ninth  hours 520 

Feces  passed  during  second  and  third 
days,  and  the  contents  of  the  colon 
postmortem    6,000^ 

iThere  may  have  been  some  arsenic  introduced 
by  external  fumes  and  supporting  board. 

Experiment  4. — Arsenic  trichloride  was 
applied  to  the  back  of  the  inner  border  of 
each  ear  of  a  rabbit  over  the  length  of  6  cm. 
from  the  top,  and  over  a  width  of  about  IV2 
cm.  (0.12  gm.  was  applied  to  each  ear).  One 
minute  after  the  application,  the  left  ear  was 
thoroughly  washed  with  300  e.c.  of  water 
squirted  over  it,  after  which  it  was  dried  with 
filter  paper.  Five  minutes  after  the  appli- 
cation the  right  ear  was  washed  in  the  same- 
way. 

The  amount  of  arsenic  (as  arsenic  trioxide) 
found  upon  examination  was  as  follows : 

Mmg.  per  100  Gm. 

Brain    1,050 

Nose,  mucous  membrane,  hard  palate, 
nasal  bone,  nasal  part  of  upper 
maxilla  (external  nostrils  removed)     5,500 

Lungs  16,0001 

Liver 4,000 

Kidneys    1,080 

Hair,    dorsal  10,000 

iTbis  figure  is  doubtful. 


Mmg.  per  100  Gm. 

Subcutaneous  tissue,  root  of  left  ear 

edematous  connective  tissue  only..  48,720 

Side  of  head,  temporo-pter.ygoid  re- 
gion, including  some  edematous 
muscular  tissue,  but  no  skin  or  bone     9,120 

Inhalation  Experiments 

In  these  experiments  two  types  of 
experimental  chambers  were  used,  one 
of  which  was  of  large  size  and  permit- 
ted the  study  of  the  eifects  of  vapors  of 
arsenic  trichloride  when  they  were  in 
tlie  presence  of  an  excess  of  air.  To- 
study  the  effects  of  short  exposures  to 
air  uniformly  charged  with  arsenic 
trichloride  vapors,  much  smaller  cham- 
bers were  used  which  made  it  possible 
to  replace  the  normal  air  rapidly  by  a 
current  of  air  containing  a  known  quan- 
tity of  arsenic  trichloride. 

Inhalation  of  Fumes  of  Arsenic 
Trichloride  in  Presence  of  an  Excess 
of  Air.  —  The  experimental  chamber 
used  in  these  experiments  had  a  ca- 
pacity of  about  215,000  c.c.  (allowing 
for  the  space  occupied  by  animals, 
cages,  etc.).  This  chamber  could  ac- 
commodate several  small  animals  at  the 
same  time  (allowing  60  liters  of  air  per 
poimd  per  hour  for  the  respiratory 
needs  of  small  animals  there  was  more 
than  enough  air  in  the  chamber  for  four 
guinea-pigs  of  moderate  size,  even  when 
the  air  was  not  renewed  for  one  to  two 
hours ) . 

This  chamber  was  also  used  for 
studying  the  distribution  of  arsenic 
trichloride  fumes  by  various  methods, 
including  the  test  plate  method,  which  »■ 
is  described  in  later  sections  of  this  re- 
port. (The  same  apparatus  was  used 
in  experiments  on  the  effects  of  sewer 
air  upon  health.  See  Report  to  the  Sew- 
er Ventilation  Committee  of  the  Man- 
chester Corporation,  1909.)  The  cham- 
ber measured  102  cm.  in  length,  46  cm.. 
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in  height,  and  46  cm.  in  width.  It  was 
closed  above  by  means  of  a  thick  glass 
plate,  the  joint  between  the  glass  plate 
and  the  flange  surrounding  the  opening 
of  the  chamber  being  made  air-tight  by- 
means  of  a  bed  of  vaseline  clay.  In 
later  experiments  adhesive  plaster  was 
found  more  convenient.  At  each  end  of 
the  tank  there  was  a  tubular  opening 
through  which  tubes  of  various  sizes  up 
to  1  inch  in  diameter  could  be  tised. 
These  tubes  served  as  inlet  and  outlet 
iubes,  respectively,  and  by  means  of 
suitable  elbows  the  levels  and  position 
of  the  inlet  and  outlet  tubes  could  be 
adjusted. 

In  the  first  two  experiments  the  ani- 
mal cages  were  supported  by  a  perfor- 
-ated  floor  at  "a  height  of  6  cm.  above  the 
opening'  admitting  the  gas.  In  the  subse- 
quent exiDeriments  the  perforated  floor 
was  removed,  and  the  cages  were  laid 
on  the  floor,  two  cages  near  the  inlet  and 
two  cages  near  the  outlet.  These  cages 
were  made  of  wire  net  and  allowed  free 
circulation  of  gases  during  the  experi- 
ments. 

To  introduce  arsenic  trichloride  fumes 
into  this  chamber,  air  was  sometimes 
caused  to  bubble  through  a  very  tliin 
layer  of  arsenic  trichloride  placed  in  a 
suitable,  comparatively  large  gas  wash- 
ing bottle.  At  other  times  the  air  was 
made  to  pass  over  the  surface  of  the 
arsenic  trichloride  contained  in  a  small 
light  conical  flask.  The  distance  be- 
tween the  ends  of  the  inlet  and  outlet 
tubes  in  the  small  flask  was  about  2  cm. 
The  surface  of  arsenic  trichloride  ex- 
posed at  the  bottom  of  the  flask  did  not 
exceed  7  cm.  square.  This  arrangement 
was  particularly  useful  because  the  flask 
was  light,  and  could  be  closed  and 
weighed  accurately  immediately  before 
and  after  each  experiment.  It  was 
thus  possible  to  estimate  to  1  eg.  the 
-amount  of  arsenic  trichloride  which  had 


been  vaporized  and  had  mixed  with  the 
measured  amount  of  air  that  had  passed 
over  it. 

In  several  experiments  made  respec- 
tively with  air  dried  over  sulphuric  acid 
or  with  air  almost  saturated  with  water, 
it  was  found  that  at  a  temperature  of 
15°  to  17°C.,  when  the  flask  contained 
2.34  gm.  of  arsenic  trichloride,  about 
0.09  to  0.13  gm.  of  the  arsenic  trichloride 
was  abstracted  in  five  minutes  by  the 
passage  of  3,300  c.c.  of  air  over  the  sur- 
face of  the  fluid.  (When  the  air  was 
caused  to  flow  over  the  fluid  by  reduc- 
tion of  pressure  in  the  large  chamber, 
great  irregularities  were  observed, 
probably  owing  to  the  difficulty  of 
avoiding  leakages.  The  most  concord- 
ant results  were  obtained  by  blowing  air 
under  slight  pressure  over  the  surface 
of  the  liquid  arsenic  trichloride.) 

TVlien  moist  air  is  passed  continuous- 
ly over  arsenic  trichloride,  a  thin  layer 
of  watery-looking  fluid  containing  hy- 
drochloric acid  forms  over  the  surface 
of  the  brownish  fluid  which  becomes  dis- 
tinctly turbid.  The  rate  of  vaporization 
is  then  diminished.  The  same  change 
occurs  when  arsenic  trichloride  remains 
exposed  to  damp  air  for  some  time. 
When  the  object  of  the  experiments  was 
to  estimate  the  effects  of  air  containing 
definite  proportions  of  arsenic  tri- 
chloride, it  was  necessary  to  use  fresh 
fluid  for  each  experiment,  and  to  reduce 
the  duration  of  the  exposure  to  a  few 
minutes.  The  details  of  the  experiments 
performed  in  the  large  (215,000  c.c.) 
chamber  follow. 

ExpERiMEXT  5.  —  A  stream  of  damp  air 
charged  with  arsenic  trichloride  was  admit- 
ted to  the  large  chamber  by  an  inlet  near  the 
bottom  of  the  eliaraber.  which  was  covered 
with  a  thin  layer  of  water.  A  guinea-pig 
was  placed  6  cm.  above  the  level  of  the  inlet 
and  30  cm.  from  it.  Fifty-four  thousand 
centimeters  of  air  passed  over  1  c.c.  of  ar- 
senic trichloride  in  fifty-five  minutes.     Thin 
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curly  clouds  of  fumes  rose  to  the  upper  part 
of  the  chamber  in  the  neighborhood  of  the 
inlet.  The  air  of  this  chamber  was  not  gen- 
erally cloudy.  Death  occurred  four  hours 
and  twenty-five  minutes  after  exposure. 

The  amount  of  arsenic  (as  arsenic  trioxide) 
found  in  the  hair  of  the  guinea-pig  was  as 
follows : 

aimg.  per  100  Gm. 

Hair,    dorsal 35,000 

Hair,    ventral 27,500 

The  total  amount  of  arsenic  recovered  at 
the  end  of  the  experiment  was:^ 

Mmg. 
Contents  of  wash  bottle  at  outlet . .  about  640 
Calculated  average  contents  of  215 

Mmg. 
liter  chamber  at  end  of  experi- 
ment     about   2,750 

(Most  of  the  arsenic  trichloride  must  have 
■decomposed  in  the  chamber  and  yielded  de- 
posits in  the  third  of  the  chamber  near  the 
inlet.) 

"These  estimates  are  of  doubtful  value. 

Experiment  6.  —  A  guinea-pig  was  ex- 
posed at  the  same  time  as  the  guinea-pig  in 
Experiment  5  but  not  quite  so  near  the  inlet 
and  not  so  clearly  on  the  path  taken  by  the 
fumes  (for  details  see  Experiment  5). 
Death  occurred  ten  days  after  exposure. 

The  amount  of  arsenic  (as  arsenic  triox- 
ide) found  in  the  hair  of  the  guinea-pig 
was  as  follows: 

Mmg.  per  100  Gm. 
Hair,     dorsal,     twenty-four 

hours  after  exposure.  .  .  .  40,000 

Hair,     dorsal,     eight     days 

after    exposure 12,000 

The  total  amount  of  arsenic  recovered  at 
the  end  of  the  experiment  was  -^ 

Mmg. 

Contents  of  wash  bottle  at  outlet 640^ 

Calculated  contents  of  215  liters  of 
air  at  end  of  experiment  (see  Ex- 
periment   5) 2,750- 

'See  remarks  under  Experiment  5. 
'Probably    underestimated,    only    one   absorption 
tube  being  used. 

Experiment  7.  —  A  stream  of  air  charged 
with  arsenic  trichloride  was  admitted  to  the 
215,000  c.e.  chamber  as  in  Experiments  5 
and  6,  but  in  this  case  the  bottom  of  the 
•chamber  was  dry.  A  guinea-pig  was  placed 
6    cm.    above    and    30    cm.    from    the    inlet. 


Thirty  thousand  cubic  centimeters  of  air 
were  allowed  to  pass  over  1  e.c.  of  arsenic 
trichloride  in  120  minutes  (somewhat  inter- 
mittently). Small  clouds  issued  at  intervals 
from  the  inlet.  The  animal  was  left  eighty 
minutes  longer  in  the  chamber.  The  clou(i 
rose  at  once  to  the  top  of  the  chamber,  roll- 
ing slowly  toward  the  outlet  but  dispersing 
before  they  reached  the  middle  of  the  dis- 
tance between  the  inlet  and  the  outlet.  At  no 
time  was  the  chamber  entirely  filled  with. 
fumes. 

The  guinea-pig  was  liilled  forty-six  days 
after  exposure.  By  analysis  the  following 
amounts  of  arsenic  (as  arsenic  trioxide)  were 
found : 

Mmg.  per  100  Gm. 

Liver   doubtful  trace 

Hair  (A)  equally  mixed 
dorsal  hair  of  guinea- 
pigs  of  Experiments  7 
and  8,  clipped  ten  days 

after    exposure 21,000 

Hair  (B)  of  same  guinea- 
pigs  clipped  forty-five 
days   after   exposure.  .  .  .  4,000 

The  total  amount  of  arsenic  recovered  was 
as  follows  :^ 


White  deposit  formed  on  plate  in 

chamber  on  a  surface  78.5  cm. 

square    over  80,000 

Calculated   deposit  on  total  area 

of  floor  of  chamber  and  animals 

(area  of  floor  4,692  sq.  cm.)..  597,000 
Contents  of  two  absorption  tubes 

and  water  at  outlet  of  chamber  891 

Calculated     contents     of     air     in 

chamber  at  end  of  experiment  6,237 

'See  remarks  under  Experiment  5. 

Experiment  8. — The  guinea-pig  used  in 
this  experiment  was  exposed  along  with  the 
guinea-pig  in  Experiment  7.  The  details  of 
the  experiments  are  the  same.  The  animal 
died  ninety-seven  days  after  exposure.  No 
analyses  were  made. 

Experiment  9.  —  A  stream  of  air  was 
charged  with  arsenic  trichloride  by  being 
blown  through  a  thin  layer  of  the  fluid  be- 
fore being  admitted  to  the  215,000  c.c.  cham- 
ber through  an  inlet  at  the  upper  part  of  the 
chamber.  A  guinea-pig  was  placed  30  cm. 
below  the  inlet  and  at  a  distance  of  about  70 
em.  from  it.  Thirty  liters  of  air  passed  over 
the  arsenic  trichloride  in  forty  minutes.  The 
guinea-pig  was  left  in  the   chamber  eighty 
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minutes  after  the  end  of  the  passage  of  air 
laden  with  the  fumes.  The  inlet  half  of  the 
chamber  rapidly  filled  with  dense  fumes, 
which  completel.y  hid  the-  bottom  of  the 
chamber.  The  guinea-pig  died  in  less  than 
eighteen  hours  after  exposure. 

By    analysis    the    following    amounts    of 
arsenic  (as  arsenic  trioxide)    were  found: 


Stomach   and  intestine 

Hair,    dorsal 

Muscles  of  bones  and  trunk, 
after  removal  of  head 
and    all    viscera 


Mmg.  per  100  Gm. 
227 
95,000 


45 


The  total  amount  of  arsenic  recovered 
was:^ 

Mmg. 
Contents  of  two   absorption  tubes  of 

water  and  of   potassium  hydroxide 

at  outlet  of  chamber 3,514 

Calculated  arsenic  content   of   air  in 

chamber  at  end  of  experiment 24,598 

'See  note  under  Experiment  5. 

Experiment  10. — This  was  a  duplicate  of 
Experiment  9.  The  only  difference  was  in 
the  weight  of  the  animals.  The  guinea-pig 
died  in  less  than  eighteen  hours. 

The  following  amounts  of  arsenic  (as 
arsenic  trioxide )  were  found : 


Liver  and  one  kidney. 
Hair,    dorsal 


Mmg.  per  100  Gm. 

L494 

70,000 

For  the  calculated  arsenic  content  of  the 
air  in  the  chamber,  see  Experiment  9. 

Experiment  11. —  (See  also  Experiments 
12,  13,  and  14.)  A  stream  of  air  was  passed 
over  arsenic  trichloride  and  was  then  freed 
from  suspended  particles  and  excessive  mois- 
ture by  passage  through  15  per  cent,  sulphur- 
ic acid  before  admission  to  the  215,000  c.c. 
chamber,  by  the  upper  inlet.  Ten  liters  of 
air  laden  with  arsenic  trichloride  passed 
through  the  chamber  in  thirty  minutes. 
(During  the  first  ten  minutes  about  3  liters 
of  air  were  lost.)  About  0.252  gm.  of  the 
ar.senic  trichloride  evaporated.  A  rat  was 
placed  on  the  floor  of  the  cage  37  cm.  below 
the  level  of  the  inlet  and  20  cm.  on  one  side 
of  it.  In  this  part  of  the  chamber  fumes 
were  not  visible.  They  were  most  marked  in 
the  middle  third  of  the  chamber.  In  the 
outlet  third  they  were  visible  but  not  so  tliick 
as  in  the  middle.  The  rat  lived  for  ten  days 
and  was  then  used  for  Experiment  15. 


From  the  second  to  the  fifth  day  of  the  ex- 
periment :JS  c.c.  of  urine  were  collected,  and 
of  this  amount  19  c.c.  were  used  for  chemical 
analj^sis.  Only  a  doubtful  trace  of  arsenic 
was  found. 

Experiment  12.  —  The  arrangement  was 
the  same  as  that  in  Experiment  11,  except 
that  the  rat  was  placed  at  a  distance  of  20 
cm.  on  one  side  of  the  outlet  and  37  cm.  be- 
low its  level.  (The  disti-ibutiou  of  fumes 
was  the  same  as  in  Experiment  11.)  The 
rat  died  within  four  days  after  exposure. 

The  following  amounts  of  arsenic  (as 
arsenic  trioxide)  were  found  by  analysis: 

ilmg.  per  100  Gm. 

Liver   less  than  82 

Urine    (19    c.c.    passed    in 

three  days  before  death)  105 

Hair,  dorsal,  clipped  post- 
mortem four  days  after 
exposure   72,000 

Experiment  13.  —  The  arrangement  was 
the  same  as  that  in  Experiment  11.  The 
guinea-pig  was  placed  at  the  same  distance 
from  the  inlet  as  the  animal  in  Experiment 
11,  but  on  the  opposite  side  (see  remarks 
under  Experiment  11  about  the  distribution 
of  fumes).  This  exiieriment  was  iiartly 
spoiled  because  the  guinea-pig  escaped  and 
went  to  the  outlet  part  of  the  chamber  dur- 
ing the  exposure.  Death  resulted  in  less 
than  eighty-eight  hours  after  exposure. 

The  following  amounts  of  arsenic  (as 
arsenic  trioxide)  were  found: 

Mmg.  per  100  Gm. 


Nasal  soft  tissue  and  bones. 

including    palate    (olfac- 

tory lobes  excluded).... 

3,600 

Brain  and  cerebellum 

4,800 

Lungs    

1,440 

Liver,  average  of  two  esti- 

mates  made 

1,405 

Kidneys  and  adrenals 

6,840 

Hair,    dorsal 

100.000 

Experiment  14.  —  The  arrangement  was 
the  same  as  that  in  Experiment  11.  The  ani- 
mal was  placed  at  the  same  distance  from 
the  outlet  as  in  Experiment  12,  but  on  the 
opposite  side  of  it.  (The  distribution  of 
fumes  was  the  same  as  in  Experiment  11.) 
Dcalh  Dcciirrod  in  less  than  riizhtcrii  hours 
after  exposure. 

By  analysis  the  following  amounts  of 
arsenic   (as  arsenic  trioxide)  were  found: 
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Mmg.  per  100  Gm. 
Nose    and    soft    part    with 
upper  maxillary  and  pal- 
ate    bones      (skin     and 
superficial    muscles    and 

brain  excluded) 6,720 

Lungs    805 

Liver   2,000 

Hair,    dorsal 160,000 

Experiment  15. —  (See  also  Experiment 
16.)  Arsenic  trichloride  fumes  were  allowed 
to  diffuse  in  the  still  air  of  the  215,000  c.c. 
chamber.  Arsenic  trichloride  (0.25  c.c.)  in 
a  shallow  capsule  was  placed  at  a  height  of 
23  cm.  above  the  floor  of  the  chamber.  A 
rat  was  placed  in  a  wire  cage  about  20  cm. 
below  the  capsule,  and  almost  immediately 
under  it.  The  chamber  was  closed  hermeti- 
cally (after  the  rat  of  Experiment  16  had 
also  been  placed  in  it).  A  test  plate  placed 
20  cm.  above  the  arsenic  trichloride  was 
covered  with  a  thick  white  deposit  at  the  end 
of  the  experiment.  A  test  plate  20  cm.  be- 
low the  capsule  was  covered  with  a  thinner 
deposit  (see  also  Experiment  16).  The  dur- 
ation of  exposure  was  six  hours  and  forty- 
five  minutes.  Death  resulted  in  less  than 
forty-five  hours  after  exposure. 

The  amount  of  arsenic  (as  arsenic  tri ox- 
ide) found  in  the  liver  and  hair  of  the  rat 
was  as  follows : 

Mmg.  per  100  Gm. 

832 

20,000 


Liver    

Hair,    dorsal. 


The  following  amounts  of  arsenic  were  re- 
covered from  the  deposits  on  the  test  plates: 

Mmg. 

Plate  20  cm.  above  capsule 6,400 

Plate  20  em.  below  capsule 3,200 

Plate  55  cm.   above  capsule 2,400 

Plate  55  cm.  below  capsule 2,400 

Experiment  16.  —  The  arrangement  was 
the  same  as  that  in  Experiment  15,  but  the 
rat  was  placed  at  a  distance  of  50  cm.  later- 
ally from  the  arsenic  trichloride  capsule. 
Test  plates  were  placed  at  the  level  of  the 
animal  and  at  a  height  of  about  40  cm.  above 
it  in  positions  corresponding  to  those 
of  the  plates  placed  immediately  above 
and  below  the  capsule.  The  amount  of  de- 
posit on  these  distant  plates  was  much 
smaller  than  on  the  other  plates  (see  Experi- 
ment 15). 

The  rat  was  quite  well  after  ten  days,  and 
was  not  killed. 


Inhalation  of  Air  Uniformly  Charged 
with  Definite  Amount  of  Arsenic  Tri- 
chloride and  not  Allowed  to  Mix  after- 
ivards  withOrdinary Air. — A  small  glass 
chamber  (of  140  c.c.  capacity),  in  vsrhich 
a  mouse  could  easily  be  accommodated, 
was  used  for  this  series  of  experiments, 
the  object  of  which  was  to  determine  the 
pathogenic  effects  of  air  containing  a 
definite  amount  of  arsenic  trichloride. 
Two  smaller  chambers  (of  55  c.c.  ca- 
pacity) were  also  used  simultaneously, 
for  the  purpose  of  comparing  the  effects 
upon  two  mice  of  the  same  mixture  of 
air  and  arsenic  trichloride,  one-half  of 
which  had  been  caused  to  pass  through 
a  wet  sponge  (Fig.  2). 

The  140  c.c.  chamber  was  originally 
designed  for  experiments  upon  the  ex- 
haust gases  from  internal  combustion 
engines.  The  mouth  of  the  chamber, 
through  which  the  animal  was  intro- 
duced, was  closed  by  a  large  glass  stop- 
per. An  outlet  tube,  provided  with  a 
glass  stopcock,  was  connected  Avith  the 
chamber  close  to  its  mouth,  and  at  the 
opposite  end  of  the  chamber  there  was 
an  inlet  tube  also  provided  jyith  a  stop- 
cock. When  ordinary  air  was  made  to 
pass  freely  through  this  chamber  by 
connecting  its  outlet  with  an  aspirator 
or  its  inlet  with  a  blower,  a  mouse  could 
live  in  it  comfortably  for  many  hours 
and  without  showing  any  sign  of  discom- 
fort. 

Owing  to  the  small  size  of  the  cham- 
ber and  to  the  position  of  the  head  of 
the  mouse,  which  was  quite  close  to  the 
inlet  opening,  it  was  easy  to  submit  the 
animal  to  exactly  timed  exposures  to 
gaseous  mixtures  of  definite  composi- 
tion, and  to  watch  closely  the  effects. 

In  all  the  experiments  two  10-liter 
aspirators  were  used  either  to  force  air 
into,  or  to  abstract  air  from,  the  expei'i- 
mental  'chamber.  The  lower  openings 
of  these  bottles  were  connected  by  a  long 
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india-rubber  tube,  and  the  upper  parts 
of  the  bottles  were  connected  with  an- 
other tube  of  the  same  length  as  the 
first.  This  second  tube  had  in  its 
length  a  T-tube,  each  branch  of  which 
was  provided  with  a  glass  stopcock.  The 
upper  opening  of  each  bottle  was  also 
provided  ^vith  a  second  tube  -with  a  stop- 
cock. This  formed  a  closed  system  in 
which  the  same  amount  of  water  could 
be  used  over  and  over  again  either  to 
aspirate  or  to  blow  air  through  the  ex- 
perimental chamber  and  to  collect  in  one 
bottle  exactly  the  amount  of  air  driven 
out  of  the  other  bottle.  The  object  of 
this  was  to  prevent  an  escape  of  poison- 
ous fumes  into  the  room.  The  cloudy 
fumes  collected  over  water  in  one  of 
the  bottles  gradually  disappeared,  and 
the  gas  could  then  be  expelled  Avithout 
serious  inconvenience. 

The  smaller  twin  chambers,  used  for 
comparing  the  effects  of  the  same  mix- 
ture of  gas  both  filtered  through  a  wet 
sponge  and  unfiltered,  were  used  in  the 
same  way.  In  order  to  regulate  the  flow 
of  gas,  however,  so  as  to  insure  that  the 
same  amomit  passed  through  the  two 
chambers,  a  bubbling  flask  was  connect- 
ed with  the  outlet  of  each  experimental 
chamber  and  the  amount  of  gas  admit- 
ted to  each  chamljer  regulated  by  taps 
until  the  amount  issuing  from  one  of  the 
chambers  was  equal  to  that  escaping 
from  the  other. 

Previous  to  admission  to  the  experi- 
mental chamber,  the  air  was  charged 
with  arsenic  trichloride  by  being  made 
to  pass  over  the  surface  of  arsenic  tri- 
chloride in  the  small  flask  previously 
described.  The  weight  of  this  flask  and 
its  contents  was  taken  immediately  be- 
fore and  after  each  exposure,  so  that 
the  amount  of  arsenic  trichloride  taken 
up  by  a  measured  quantity  of  air  could 
be  accurately  ascertained.  The  air  was 
sometimes  dried  by  being  caused  to  bub- 


ble through  strong  sulphuric  acid,  and 
was  sometimes  saturated  with  moisture 
by  being  made  to  bubble  through  water. 
This  was  done  either  before  or  after 
the  air  had  been  charged  with  arsenic 
trichloride.  The  details  of  the  experi- 
ments made  in  these  small  chambers  (of 
1-iO  c.c.  and  55  c.e.  capacity)  follow. 

Experiment  17. — Diy  air  was  passed  over 
arsenic  trichloride  and  after-wards  through 
sulphuric  acid.  The  mixture  as  admitted  to 
the  experimental  chamber  was  quite  dry. 
Three  thousand  and  three  hundred  cubic 
centimeters  of  air  containing  0.11  gm.  of 
arsenic  trichloride  passed  through  the  cham- 
ber in  five  minutes.  This  dry  mixture  re- 
mained clear  until  it  reached  the  inlet  of  the 
chamber,  and  then  it  became  cloudy  in  the 
neighborhood  of  the  head  of  the  mouse. 
Forty-four  minutes  after  exposure  the  mouse 
died. 

ExpERiJiEXT  IS. — Moist  air  was  passed  over 
arsenic  trichloride  and  afterwards  through 
a  thin  layer  of  water.  Three  thousand  and 
three  hundred  cubic  centimeters  of  moist  air 
containing  0.13  gm.  of  arsenic  trichloride 
passed  through  the  chamber  in  five  minutes 
(after  being  washed  through  a  small  amount 
of  water).  This  damp  mixture  was  quite 
cloudy  after  passing  through  the  water,  and 
the  chamber  was  immediately  filled  with  this 
cloudy  mixture.  The  mouse  used  was  quite 
well  after  twenty-one  days. 

Experiment  19. — In  this  experiment  3.300 
c.c.  of  moist  air,  which  had  been  passed  over 
arsenic  trichloride  and  which  contained  0.09 
gm.  of  arsenic  trichloride,  was  admitted  di- 
rect to  the  chamber.  The  air  was  uniformly 
cloudy  after  its  passage  through  the  arsenic 
trichloride,  and  the  chamber  was  immediate- 
ly filled  with  this  cloudy  mixture.  The  mouse 
used  in  this  experiment  died  fifty-two  min- 
utes after  exposure.  y. 

Experiment  20. — Two  mice  were  exposed 
simultaneously  for  five  minutes  to  the  same 
((uantity  (3,400  c.c.)  of  air  charged  with 
0.128  gm.  of  arsenic  trichloride.  In  one  ease  air 
from  a  flask  of  arsenic  trichloride  was  passed 
through  an  intermediate  chamber  containing 
only  a  baffle  to  prevent  suspended  particles 
from  being  carried  over  to  the  55  c.c.  mouse 
chamber.    The  mouse  died  in  fifteen  minutes. 

Experiment  21. — In  the  other  the  air  from 
the  flask   of  arsenic  trichloride   was  passed 
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Fig.  2. — Twin  glass  chambers  for  comparative 
experiments  on  mice.     (Scale  1  to  9.) 

H,.S04  =  buI>blinf;  flask  (containing  strong  sul- 
phuric acid  when  dry  air  is  desired,  water  when 
air  saturated  with  moisture  is  desired,  or  noth- 
ing). AsClj^^small  fla.slv  containing  arsenic  tri- 
chloride. 1  and  I'^stopcocks  on  inlet  tubes.  2  and 
2'=lntermediary  chambers  (2'  contains  sponge  C). 
3  and  3'=mouse  chambers.  4  and  4'=bubbling 
flasks  used  to  estimate  the  rate  of  air  current 
which  is  regulated  by  stopcocks  1  and  1'.  A=part 
of  intermediary  chambers  2  and  2'  near  baffle  on 
Inlet  tube.  63= mouse  exposed  to  untreated 
fumes;  B3'=mouse  exposed  to  air  filtered  through 
moist  sponge  C.  C= moist  sponge.  D  =  aspirating 
flask.     E=blowing  flask. 


through  an  intermediate  chamber  containing 
a  baffle  and,  in  addition,  a  wet  sponge 
through  which  the  gaseous  mixture  had  to 
pass  before  being  admitted  to  the  55  c.c. 
mouse  chamber.  With  the  exception  of  the 
sponge,  this  half  of  the  apparatus  was  identi- 
cal with  that  used  for  Experiment  20.  The 
mouse  was  quite  well  at  the  end  of  twelve 
days. 

Microscopical   Lesions    Observed   after 
Inhalation  of  Arsenic  Trichloride 


With  the  object  of  ascertaining  the  ef- 
fects produced  by  arsenic  trichloride 
fumes  upon  the  large  air  passages,  sec- 
tions through  the  anterior  parts  of  the 


nasal  passages,  the  supraglottic  and  in- 
fraglottic  parts  of  the  larynx,  and  the 
lower  part  of  the  trachea  were  made  in 
several  of  the  cases.  The  histological 
changes  in  the  lungs,  liver,  and  kidney 
were  also  studied  in  nearly  every  case. 
The  necessity  of  keeping  material  for 
chemical  examination,  and  the  smallness 
of  the  parts  did  not  permit  of  an  histo- 
logical examination  in  every  case. 

Owing  to  an  unfortunate  mistake  made 
in  the  preparation  of  the  hardening  me- 
dium, the  reactions  and  appearances  of 
most  of  the  tissues  were  sufficiently  al- 
tered to  cast  doubt  upon  the  exact  mean- 
ing of  several  of  the  finer  cellular 
changes  observed.  For  this  reason  the 
cellular  changes  are  not  dwelt  upon  in 
this  summary. 

Air  Passages,  Anterior  Parts  of  Mid- 
dle Meattis  and  Inferior  Meatus  of  Nose. 
— A  successful  section  made  through  the 
air  passages  of  the  rat  used  in  Experi- 
ment 12  showed  very  little  alteration  in 
the  mucous  membrane,  but  the  passages 
were  obstructed  by  mucus  containing 
many  desquamated  epithelial  cells  and  a 
few  red  blood  corpuscles.  This  animal 
had  lived  four  days. 

Larynx. — ^In  cases  in  which  death  had 
supervened  rapidly,  no  marked  edema 
or  desquamation  of  the  epithelium  was 
observed,  nor  was  the  mucous  membrane 
covered  by  coagnilable  exudation  in 
either  the  supraglottic,  infraglottie,  or 
glottic  region.  In  animals  that  had  lived 
more  than  twelve  hours  there  was  evi- 
dence of  catarrhal  larjaigitis  and  trache- 
itis, but  the  lesions  were  not  extensive. 

The  surface  of  the  mucous  membrane 
was  free  from  exudation  capable  of 
causing  obstruction.  In  one  animal 
which  had  lived  ten  days,  the  mucous 
membrane  of  the  trachea  was  covered 
at  places  with  a  fairly  thick  smooth  layer 
of  mucus  containing  many  small  round 
cells  and  nuclei  apparently  derived  from 
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epithelial  cells  broken  up  in  consequence 
of  mucous  degeneration.  This  exuda- 
tion was  most  abundant  over  the  open- 
ings of  the  tracheal  mucous  glands,  and 
was  firmly  attached  to  the  ciliated  sur- 
face of  the  epithelial  cells.  The  lungs  of 
this  animal  were  congested  but  free  from 
hemorrhage,  collapse,  or  pneumonic 
changes. 

Lungs.  —  Considerable  dilatation  of 
the  branches  of  the  puhnonary  artery 
and  of  the  alveolar  capillaries  was  a  fea- 
ture common  to  all  cases.  In  animals 
which  had  died  a  few  hours  after  ex- 
po siire,  there  were  patches  of  hem- 
orrhagic infiltration  in  various  parts  of 
the  lungs,  and  dilatation  of  the  alveoli 
in  intervening  parts.  Most  of  the  small 
and  terminal  bronchi  were  contracted, 
but  the  bronchial  epithelium  appeared 
generally  to  be  intact.  In  one  guinea- 
pig  which  had  lived  eighty-eight  hours 
after  exposure  (Experiment  13),  clear 
evidence  of  catarrhal  bronchitis  was 
found.  In  a  rat  (Experiment  12)  which 
had  lived  nearly  four  days,  the  lungs 
were  distinctly  edematous,  many  of  the 
alveoli  being  filled  with  a  clear  exudate 
free  from  cells  or  fibrin. 

For  reasons  already  stated  no  confi- 
dence is  placed  upon  the  minute  cellular 
changes  which  may  be  present  in  the 
liver  or  kidney.  It  appeared,  however, 
that  in  animals  dying  early  the  liver  cells 
showed  a  marked  tendency  to  excessive 
vacuolation,  while  in  the  animals  that 
had  survived  a  few  days  the  cells  ap- 
peared to  be  smaller  than  normal.  No 
trace  of  fatty  degeneration  of  the  liver 
was  discovered  in  any  of  the  cases.  Con- 
siderable congestion  of  the  liver  and  kid- 
neys was  a  common  feature.  The  rod- 
like structure  of  the  basal  part  of  the 
epithehum  lining  the  convoluted  renal 
tubules  was  generally  more  distinct  than 
normal.  There  was  no  evidence  of  fatty 
degeneration  of  the  kidneys. 


General  Summary  of  Experimental 
Results 

Death  is  frequently  brought  about 
either  by  the  inhalation  of  air  charged 
Avith  arsenic  trichloride  fumes  or  by  the 
direct  application  of  xindiluted  arsenic 
trichloride  to  the  sMn.  In  both  cases 
there  is  clear  CA-idence  that  arsenic  is 
absorbed  by  the  tissues  and  that  it  be- 
comes widely  distributed  in  a  very  short 
time. 

When  arsenic  trichloride  is  applied  to 
the  sMn  it  produces  necrosis  very  rap- 
idly. Free  washing  with  water  of  the 
part  affected  Avithin  one  minute  retards 
the  action  of  the  escharotic,  and  a  cer- 
tain amount  of  inflammatory  reaction  is 
observable  in  the  parts  adjacent  to  the 
affected  region.  Even  after  such  wash- 
ing, however,  the  Avliole  of  the  part  to 
which  arsenic  trichloride  has  been  ap- 
plied undergoes  complete  necrosis. 
Washing  five  minutes  after  application 
has  no  appreciable  effect.  A  consider- 
able amount  of  arsenic  is  rapidly  ab- 
sorbed by  the  tissues  and  after  a  few 
hours  arsenic  can  be  recovered  from 
most  of  the  tissues  or  organs  of  the 
body.  There  is  noticeable  a  tendency  to 
accumulation  in  such  organs  as  the 
brain,  liver,  and  kidneys. 

The  application  of  arsenic  trichloride 
to  the  sMn  is  obviously  acutely  painful, 
but  the  part  affected  becomes  rapidly 
insensitive.  It  is  doubtful,  therefore, 
whether  pain  is  a  determining  factor  in 
the  lethal  action  of  arsenic  trichloride 
applied  to  the  skin.  The  fatal  effect  ap- 
pears to  be  due  to  acute  arsenicism. 

When  air  charged  with  arsenic  tri- 
chloride is  breathed  by  mice  for  five 
minutes,  death  follows  in  a  few  minutes 
when  the  air,  whether  dry  or  moist,  con- 
tains 1  part  of  arsenic  trichloride  to 
40,000  parts  of  air.  Wlien  a  stream  of 
air  charged  Avith  arsenic  trichloride  is 
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admitted  to  a  cliamber  containing  an 
excess  of  ordinary  air,  animals  kept  in 
the  chamber  are  affected  variously. 
Some  die  after  a  few  honrs ;  others  sur- 
A^ive  for  several  days  and  appear  to  re- 
cover entirely.  In  one  experiment,  of 
two  guinea-pig's  which  were  at  a  very 
short  distance  (a  few  inches)  from  each 
other  one  died  in  less  than  five  hours, 
and  the  other  lived  ten  days  (Experi- 
ments 5  and  6).  In  another  experiment 
conducted  under  the  same  conditions, 
except  that  the  flow  of  charged  air  was 
less  rapid  and  the  exposure  twice  as 
long,  both  guinea-pigs  made  a  complete 
recovery  (Experiments  7  and  8). 

These  differences  were  caused  by  the 
unequal  distribution  of  the  mixture, 
which  was  due  not  only  to  the  formation 
of  an  air  stream  between  the  inlet  and 
outlet  of  the  chamber,  but  to  the  reac- 
tions which  took  place  between  the  arse- 
nic trichloride,  water,  and  the  oxygen  of 
the  air.  As  will  be  shown  in  a  later  sec- 
tion of  this  paper,  various  motions  are 
caused  by  these  changes.  After  a  few 
observations  it  was  found  that  on  both 
sides  of  the  inlet  of  the  chamber  there 
was  an  area  to  which  the  arsenic  tri- 
chloride fumes  found  slow  access.  The 
fumes  were  most  abundant  in  the  upper 
part  of  the  chamber  at  a  distance  of  30 
to  50  cm.  from  the  inlet  and  were  fairly, 
though  less,  abundant  in  the  outlet  half 
of  the  chamber  including  parts  at  the 
sides  of  the  outlet  corresponding  to 
parts  at  the  sides  of  the  inlet  where 
fumes  were  scanty.  This  observation 
was  confirmed  by  an  experiment  in  which 
a  rat  exposed  at  one  side  of  the  inlet 
(Experiment  11)  was  not  much  incon- 
venienced and  was  well  ten  days  after 
exposure,  while  another  rat  (Experiment 
12)  exposed  at  the  same  time  at  one  side 
of  the  outlet  was  almost  immediately 
severely  affected,  and  died  in  less  than 
four  days. 


All  the  animals  that  died  from  the 
effects  of  the  inhalation  of  arsenic  tri- 
chloride showed  marked  symptoms  of 
respiratory  affection.  In  the  animals 
in  which  death  supervened  rapidly  the 
symptoms  pointed  distinctly  to  laryn- 
geal obstruction,  and  death  was  clearly 
due  to  asphyxia.  Postmortem  examina- 
tion did  not  reveal  any  organic  cause  of 
obstruction,  such  as  plugs  of  mucus, 
false  membrane,  or  edema  glottidis. 

The  absence  of  organic  obstruction, 
the  extreme  rapidity  ■\\dth  which  death 
followed  after  inhalation,  and  the  sud- 
denness of  the  onset  of  aspjiyxial  symp- 
toms point  to  the  conclusion  that  laryn- 
geal obstruction  was  due  to  spasm  of 
the  laryngeal  muscles.  The  tendency  to 
this  spasmodic  closure  of  the  glottis 
continued  after  the  animals  had  partly 
recovered,  and  a  fatal  ending  was  pro- 
duced in  a  mouse  (Experiment  19)  as  a 
consequence  of  its  being  slightly  dis- 
turbed :  it  Avas  breathing  with  some  dif- 
ficulty but  was  in  no  immediate  danger; 
on  being  slightly  disturbed,  however,  it 
made  violent  efforts  to  breathe,  passed 
into  convulsions,  and  died  Avithin  two 
minutes.  A  guinea-pig  (Experiment  12) 
which  appeared  to  be  recovering  was 
liable  to  violent  attacks  of  dyspnea,  fol- 
lowed by  convulsions,  whenever  it  at- 
tempted to  eat  solid  food  or  to  drink. 

Bubbling  through  a  thin  layer  of  wa- 
ter or  filtration  through  a  wet  sponge 
deprives  the  air  of  the  irritating  prop- 
erties giving  rise  to  these  laryngeal 
symptoms.  The  filtered  air  still  contains 
arsenic  though  in  smaller  proportion 
than  the  unfiltered  air.  It  contains  much 
less  chlorine,  however,  so  that  the  irri- 
tation of  the  mucous  membrane  is  prob- 
ably in  great  part  due  to  hydrochloric 
acid  or  some  other  chlorine  compound. 
(The  Avater  squeezed  out  of  the  wet 
sponge  is  strongly  acid.) 

The  hair  of  all  the  animals  exposed  to 
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arsenic  tricliloride  fmnes  became  rapidly 
laden  with  a  considerable  amount  of 
arsenic.  This  was  observed  in  animals 
that  recovered  as  well  as  in  those  that 
succumbed  to  the  effects  of  exposure. 
The  poison  was  not  only  deposited  on 
the  surface  but  penetrated  into  the  sub- 
stance of  the  hair.  This  was  clearly 
demonstrated  by  examination  of  the  so- 
lution used  for  washing  the  hair,  and  of 
the  products  of  disintegration  of  the 
hair  when  it  was  boiled  in  30  per  cent. 


hydrochloric  acid.  This  impregnation 
of  the  hair  does  not  appear  to  have 
any  quantitative  relation  to  the  symp- 
toms of  poisoning,  and  the  reason  for 
examining  the  hair  of  persons  and  ani- 
mals exposed  to  arsenic  trichloride 
fumes  was  to  ascertain  the  extent  of  the 
exposure.  During  life  an  examination 
of  the  urine  and  feces  is  necessary  to 
determine  whether  such  an  exposure  has 
led  to  absorption. 


(To  he  continued) 


REPORT  OF  THE  ASSOCIATION   OF   CERTIFYING   FACTORY 
SURGEONS,  INC.   (GREAT  BRITAIN),  FOR  THE  YEAR  1921 


THE  last  Report  emphasized  the  wisdom 
of  every  certifying  surgeon  who  holds 
an  appointment  which  he  regards  of  some 
value,  making  a  point  of  becoming  a  Fellow 
or  Member.  Owing  to  the  excellent  financial 
position  of  the  Association  it  has  not,  up  to 
the  present,  been  found  necessary  to  advance 
the  subscriptions,  and  with  anything  like  a 
fair  response  to  the  appeal,  this  contingency 
will  not  arise.  When  non-members  receive 
the  same  benefits  of  united  action  as  mem- 
bers, it  is  surely  not  going  too  far  to  suggest 
to  the  former  the  reasonableness  of  giving 
their  support  and  sharing  the  small  expense. 

Departmental  Committee  on  Blindness 

The  Hon.  Secretary  was  invited  by  the 
British  Medical  Association  to  give  evidence 
on  behalf  of  that  body  on  the  industrial  as- 
pect of  defective  vision,  and  did  so  on  22nd 
March.  The  evidence  itself  cannot  be  dealt 
with  until  after  publication  of  the  report,  but 
it  may  interest  members  to  know  the  headlines. 
The  first  portion  had  concern  with  the  large 
number  of  young  persons  with  uncorrected 
errors  of  refraction  who  seek  employment  in 
factories,  and  with  the  particidar  discrimina- 
tion exercised  by  certifying  surgeons  when 
required  to  give  certificates  in  such  occupa- 
tions as  the  machining  of  wearing  apparel, 
textile  spinning,  weaving,  doubling,  winding 
and  reeling,  working  in  iron,  steel  and  other 
metal,  sawing  timber,  wood  working,  machine 
boxmaking,  flint  glass  and  pottery  processes, 
all  of  which  require  a  considerable  amount 
of  acuity  of  vision  on  the  part  of  the  operator. 

Alteration  in  Annual  Report 

By  instruction  of  the  Council  a  letter  was 
addressed  to  the  Chief  Inspector  of  Factories 
on  7th  March,  drawing  attention  to  the  cir- 
cumstance that  no  particulars  respecting  con- 
ditional employment  had  been  asked  for  as 
part  of  the  two  previous  Annual  Reports. 
(Sec.  64  (5)   F.  &  W.  Act,  1901.) 

The  views  of  the  Association  were  ex- 
plained as  follows: 


It  appears  to  tlie  Association  that  See.  122  (C), 
F.  &  W.  Act,  1901,  requires  a  record  of  all  young 
persons  ascertained  by  medical  examination  to  be 
physically  defective,  and  of  the  action  taken  by 
the  certifying  surgeon  with  respect  to  such.  The 
word  "results"  is  used,  and  as  this  signifies  more 
than  rejections  a  return  confined  to  these  cannot 
cover  the  obligations. 

Apart,  however,  from  (he  strict  legal  require- 
ment, it  is  considered  of  public  interest  that  a  full 
record  of  the  "results"  of  these  medical  examina- 
tions should  be  available.  The  system  of  condi- 
tional certificates,  in  spite  of  its  imperfections,  is 
regarded  as  having  greatly  extended  the  useful- 
ness of  the  certifying  surgeon,  and  as  being  of 
proved  benefit  to  large  numbers  of  young  people  on 
commencing  their  industrial  career. 

I  have  to  point  out  that  the  action  taken  by  the 
certifying  surgeon,  as  a  result  of  the  defects  found, 
depends  as  a  rule  more  on  the  nature  of  the  indus- 
try and  its  capacity  for  providing  suitable  alter- 
native employment  than  on  the  nature  of  the  bodi- 
ly disease  or  infirmity  per  se,  so  that  any  particu- 
lar defective  may  be  totally  rejected  at  one  factory 
and  certified  conilitionally  at  another.  The  bulk 
of  defectives  ;nay  tlirri'tdre  be  said  to  be  of  one 
class,  dealt  with  in  two  different  ways  according  to 
varying  circumstances.  The  incomplete  return  at 
present  asked  for  cannot  possibly  give  any  idea 
of  the  discrimination  exercised  in  dealing  with 
these  young  .people,  and  is  therefore  unfair  to  the 
stu'geon  as  well  as  misleading  to  the  public. 

Whilst  the  foi-mer  publication  in  your  Annual 
Reports  of  a  complete  summary  of  conditions  at- 
tached to  certificates  of  fitness  has  undoubtedly 
served  a  useful  educative  purpose,  in  view  of  the 
labour  entailed  in  compiling  the  table,  the  Associa- 
tion does  not  press  for  its  renewal.  On  the  other 
hand,  it  is  respectfully  suggested  that  a  full  classi- 
fication of  all  those  found  affected  with  disease 
or  bodily  infirmity  should  be  imblished  under  two 
divisions,  vis..  (1)  rejections,  and  (2)  certified  con- 
ditionally. This  would  simply  mean  the  adding  of 
a  third  column  to  Table  II. 

The  Chief  Inspector  expressed  through  Dr. 
Legge  his  agreement  with  the  views  of  your 
Council,  and  further  suggested  that  it  would 
be  well,  when  altering  the  form  of  report,  to 
revise  the  list  of  medical  reasons  for  rejec- 
tion, and  that  in  any  such  revision  the  Asso- 
ciation might  usefully  co-operate  with  Dr. 
Legge.  The  old  classification  has  always  been 
regarded  as  unsatisfactory  by  the  Associa- 
tion, the  consequence  being  that  for  many 
years  it  was  considered  necessary  to  compile 
its  own  statistics  from  special  returns  by 
members.  As  it  is  a  considerable  time  since 
an  alteration  was  asked  for,  and  then  unsuc- 
cessfully, it  is  particularly  gratifying  that 
the  suggestion  on  this  occasion  should  come 
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from  the  Department.  Your  Hon.  Secretary 
had  several  interviews  and  some  correspond- 
ence with  Dr.  Legge,  which  resulted  in  the 
adoption  of  a  new  and  concise  form  of  return 
which  would  show  the  complete  results  of  the 
examination  and  at  the  same  time  not  over- 
load the  certifying  surgeon  with  book-keep- 
ing. The  improved  form  of  return  was  dis- 
tributed at  the  end  of  the  current  year,  bnt 
a  number  of  certifying  surgeons  had  been 
advised  of  the  impending  change  some 
months  before  this.  In  order  to  assist  mem- 
bers the  Council  has  devised  a  simple  method 
of  keeping  records  which,  with  the  minimum 
amount  of  calculation  at  the  year's  end,  will 
provide  the  Department  with  all  the  infor- 
mation required.  A  large  niimber  of  these 
record  forms  have  been  printed  by  the  Asso- 
ciation and  bound  together  into  various  sized 
booklets  to  suit  the  varying  annual  numbers 
examined  by  those  members  who  have  adopt- 
ed the  system.  The  cost  of  the  booklet  varies, 
according  to  size,  from  Is.  to  4s.  6d.,  and 
members  desiring  replicas  should  communi- 
cate with  ^Ir.  Chambers. 

JoixT  Interview  with  the  Chief  Inspector 

A  letter,  dated  1st  March,  was  received  from 
the  British  Medical  Association  conveying  the 
information  that  complaints  had  been  re- 
ceived respecting  the  inadequacy  of  the  fees 
paid  to  certifying  surgeons,  and  that  the 
question  had  been  referred  to  the  Medical- 
Political  Committee,  which  had  in  turn  rec- 
ommended the  Council  to  co-operate  with  this 
Association  with  a  view  to  getting  the  fees 
improved.  Particulars  were  asked  of  the 
steps  already  taken  or  which  it  was  proposed 
to  take  to  this  end.  Details  of  the  action 
taken  by  this  Association  during  the  past 
year  were  duly  supplied,  along  with  copies 
of  correspondence  with  the  Factory  Depart- 
ment and  of  the  two  revised  scales  of  fees 
issued  by  the  Home  Secretary. 

It  was  ultimately  agreed  that  the  correct 
policy  would  be  for  the  .secretaries  of  both 
Associations  to  talk  the  matter  over  with  the 
Chief  Inspector  of  Factories.  An  appoint- 
ment was  made,  and  Dr.  Cox,  Dr.  Lord,  and 
your  Hon.  Secretary  met  the  Chief  Inspec- 
tor ami  Dr.  Legge,  on  2nd  June,  at  the  Home 
Office.  It  was  recognized  by  all  parties,  in 
view  of  the  existing  industrial  depression,  the 


urgent  necessity  for  all-round  economy,  and 
the  fact  that  the  fees  for  certifying  and  ex- 
aminations under  special  rules  and  regula- 
tions had  recently  been  revised,  that  very 
special  reasons  must  be  advanced  to  warrant 
a  further  amendment  of  the  minimum  scales. 
Your  Hon.  Secretary  pointed  out.  however, 
that  the  alterations  made  had  apparently  not 
resulted  in  the  increased  earnings  antici- 
pated by  the  Home  Secretary  when  issuing 
his  orders.  This  is  due  to  the  fact  that  the 
basic  fee  for  a  visit  had  not  been  taken  into 
consideration,  as  had  been  the  case  when 
visits  to  the  factory  were  first  instituted,  and 
this  resulted  in  the  actual  fee  paid  remaining 
as  before  unless  more  than  two  patients  -were 
examined.  Dr.  Cox  further  stated  that  the 
net  results  showed  that  certifying  surgeons' 
fees  had  not  been  increased  to  the  same  de- 
gree as  those  paid  to  other  medical  men  em- 
ployed by  Government  Departments.  Dr. 
Cox  further  promised  to  supply  a  list  of  re- 
vised fees  paid  by  other  Departments,  and 
this  promise  has  since  been  carried  out.  Noth- 
ing further  has  transpired  in  connection  with 
these  representations  since  the  interview. 

Discussion  also  took  place  on  representa- 
tions made  by  this  Association  in  the  letter 
forwarded  on  7th  March  to  the  effect  that  the 
compulsory  provision  of  first  aid  and  ambu- 
lance equipment  in  certain  factories  cannct 
be  expected  to  achieve  the  desired  results 
owing  to  the  absence  of  further  provision  for 
medical  supervision  and  direction.  Dr.  Cox 
was  of  the  opinion  that  such  a  state  of  affairs 
might  lead  to  unqualified  practice  and  that 
the  requisite  supervision  could  be  readily  pro- 
vided by  a  works  doctor  or  the  certifying  sur- 
geon for  the  district.  This  Association  had 
recommended  that  it  should  be  made  obliga- 
tory upon  the  employer  to  obtain,  every  three 
months  in  the  case  of  works  employing  500 
or  more  persons,  and  every  six  months  where 
less  than  this  number  were  employed,  a  cer- 
tificate to  the  effect  that  the  jjrovision  made 
was  suitable  and  sufficient.  Dr.  Legge  men- 
tioned that  Form  92-i,  Part  10.  strongly  rec- 
ommended occupiers  to  arrange  for  some 
form  of  medical  supervision  of  first-aid  boxes 
and  ambulance  rooms,  and  suggested  that, 
where  medical  treatment  was  not  provided, 
arrangements  for  supervision  might  be  made 
with  the  certifying  surgeon.  It  was  pointed 
out.    lu)wever,     that    dependence    cannot   be 
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placed  on  jjurelj'  voluntary  effort.  The  sug- 
gestion that  opportunity  should  be  taken  of 
any  fresh  legislation  to  introduce  provision 
for  this  necessary  supervision  was  favorably 
received. 

Future  of  the  Certifying  Surgeon 

In  the  report  on  reconstruction  of  the  Fac- 
tory Medical  Service,  your  Council  promul- 
gated a  practical  and  economical  scheme  for 
effective  medical  supervision  of  factories.  It 
has  alvrays  consistently  maintained  that  the 
only  way  to  deal  with  the  appalling  amount 
of  industrial  sickness  and  mortality  is  by 
abolisiiing  the  unhygienic  conditions  of  occu- 
pation, that  it  is  a  Government  obligation  to 
create  the  necessary  medical  supervision  in 
the  factories  themselves  with  a  view  to  estab- 
lishing the  faults  and  devising  the  remedies, 
and  that  the  certifying  surgeon  could  be 
made  into  an  extremely  useful  adjunct  in 
the  carrying  out  of  a  properly  thought-out 
plan  of  action.  Industrial  preventive  medi- 
cine is  a  branch  of  State  medicine,  and  must 
be  taken  in  hand  by  the  State  if  it  is  to  prove 
universally  effective.  The  Factorj'  Depart- 
ment's introduction  of  the  medical  element 
into  the  study  of  specific  dangerous  trades 
has  had  remarkable  results  in  this  country, 
but  not  without  being  followed  up  by  statu- 
tory notifications  and  regulations  as  well  ns 
by  a  considerable  amount  of  useful  work  by 
the  factor}-  surgeon.  It  would,  therefore,  ap- 
pear quite  logical  to  infer  that  similar  ma- 
chinery and  metliods  are  required  to  prevent 
certain  well-known  general  diseases  from 
singling  out  particuJar  industries  for  their 
most  extensive  ravages  and  heaviest  mortali- 
ties. The  relief  afforded  by  State  provision 
of  medical  attendance  and  sanatoria  dimin- 
ishes the  .suffering  but  has  little  effect  on  the 
number  of  sufferers.  Laboratory  investiga- 
tion and  the  medical  examination  of  adult 
workers,  so  extensively  advocated  in  some 
quarters,  will  not  in  themselves  bring  the  goal 
substantially  nearer. 

Sad  as  it  may  seem,  however,  there  appears 
to  be  no  doubt  that  the  Government  is,  for 
financial  reasons,  in  no  position  at  the  pres- 
ent time  to  undertake  any  extension  of  ex- 
isting obligations;  and  so  far  as  concerns  the 
certifying  surgeon  from  the  official  stand- 
point, indications  are  in  the  direction  of  his 


remaining  m  statu  quo  for  some  time  to  come. 
As  the  State  is  not  in  a  position  to  take  in 
hand  this  problem  of  excessive  industrial 
mortality,  it  would  appear  to  the  interests  of 
this  Association  to  keep  in  touch  with  the 
efforts  being  made  to  induce  employers  to 
take  action  voluntarily.  Whilst  it  is  beyond 
doubt  that  only  the  State  can  reach  every  in- 
dustry and  every  employer,  voluntary  effort 
within  its  manifest  limitations  has  done  and 
can  do  great  good;  even  as  a  tentative  mea.s- 
ure  it  has  its  undoubted  attractions,  one  of 
the  most  pronounced  of  which,  from  an  em- 
ployer's standpoint,  is  its  promise  of  in- 
creased industrial  efficiency. 

The  welfare  movement,  which  is  to  a  very 
large  extent  voluntary,  has  made  great  head- 
way and  has  come  to  stay.  The  rapid  rate 
of  progress  may  be  measured  to  some  extent 
by  the  fact  that  those  interested  in  the  work 
have  already  banded  themselves  into  two 
very  active  societies,  each  publishing  its  own 
journal.  The  Welfare  Workers'  Institute 
is  the  organization  of  those  actually  engaged 
in  the  work  of  welfare  supervision,  whilst  the 
Industrial  Welfare  Society  appears  more  par- 
ticularly to  serve  the  objects  of  employers 
and  others  interested  in  welfare  propaganda 
work  generally.  There  is  also  established  the 
Institute  of  Industrial  Administration,  which 
includes  among  its  activities  both  industrial 
medical  matters  and  welfare.  Another  im- 
portant society  is  the  National  Institute  of 
Industrial  Psychology,  which  is  devoting  cer- 
tain of  its  energies  to  the  study  and  expound- 
ing of  the  subject  of  vocational  selections 
from  the  psychological  .standpoint,  and  hi;s 
associated  with  it  a  number  of  eminent 
scientists. 

Whilst  in  this  country  the  various  bodies 
mentioned  are  all,  within  their  respective 
orbits,  very  busy  in  their  efforts  to  improve 
the  lot  of  the  industrial  worker,  it  must  be 
borne  in  mind  that  America  has  for  some 
time  led  the  way  in  voluntary  action.  The 
industrial  physician  is  a  well-established  en- 
tity in  the  United  States;  indeed,  it  is  esti- 
mated that  of  thirty-nine  millions  of  indus- 
trial workers  eight  millions  are  under  the 
influence  of  medical  supervision.  In  a  con- 
siderable proportion  of  the  works  concerned 
the  industrial  physician  adopts  the  complete 
plan  of  dealing  with  the  problems  of  ill- 
health  from  the  preventive  as  well  as  from 
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the  cui-ative  side,  and  mauy  establishments 
are  thoroughly  equipj^ed  with  hospitals,  sana- 
toria and  research  laboratories. 

However  little  likelihood  there  may  be  o£ 
any  early  alteration  in  or  extension  of  the 
statutorj'  duties  of  the  certifying  surgeon, 
there  is  no  doubt  about  the  unofficial  efforts 
being  made  to  influence  public  opinion  in 
the  direction  of  medical  super\'ision  by  the 
American  method,  i.e.,  the  wholesale  estab- 
lishment of  the  industrial  physician,  or  works 
doctor  as  he  is  called  over  here.  During  the 
past  year  a  committee  of  one  of  the  organiza- 
tions mentioned  was  understood  to  be  hold- 
ing an  exhaustive  inquiry  into  the  duties, 
status,  salary  and  conditions  of  ser\T[ee  gen- 
erally of  the  works  medical  officer,  with  a 
Aaew  to  making  representation  to  ' '  the  proper 
authorities"  on  what  the  position  should  be. 
Another  of  these  bodies  has  held  industrial 
medical  ser\dee  conferences  and,  it  is  under- 
stood, intends  to  hold  such  conferences  sj's- 
tematically  in  different  parts  of  the  country; 
this  body  is  also  strongly  advocating  medical 
examinations   at  all   ages. 

Up  to  the  present  time  the  institution  of 
the  works  doctor  has  not  been  advocated  as 
a  substitution  for  the  certifying  surgeon ;  con- 
sequently it  does  not  require  a  too  analytical 
temperament  to  recognize  that  if  these  ap- 
pointments are  made  to  any  great  extent  a 
very  objectionable  overlapping  must  ensue. 
ObAHOusly,  then,  the  correct  way  to  avoid 
overlapping  is  for  the  certifying  surgeon  to 
intimate  his  willingness  to  take  on  the  addi- 
tional duties  of  the  works  doctor  whenever 
suitable  arrangements  can  be  made.  Whole- 
time  appointments  would,  of  course,  be  out- 
side his  scope,  and  so  would  part-time  ap- 
pointments requiring  a  major  portion  of  the 
surgeon's  time,  but  as  the  present  move  is  not 
confined  to  large  works,  but  is  meant  to  bring 
in  the  medium  and  smaller  ones,  it  would 
appear  that  the  certifying  surgeon,  who  is 
continuousl}^  in  his  district,  who  is  regularly 
visiting  factories  for  statutory  purposes,  and 
who  has  the  requisite  knowledge  of  occupa- 
tional risk.s,  dangers,  and  unhygienic  condi- 
tions, would  be  the  proper  person  to  take  up 
the  bulk  of  this  new  work.  There  are,  of 
course,  some  certifying  surgeons  in  important 
industrial  districts  who  could  not  under  ex- 
isting circumstances  spare  the  additional 
time,  and  these  surgeons  would  have  to  con- 


sider very  seriously  whether,  in  case  of  neces- 
sity, it  would  not  be  the  correct  policj-  to  bal- 
ance matters  by  gi"\"ing  up  a  proper  propor- 
tion of  their  districts.  The  Council  is  not 
anticipating  that  employers  generally  will 
show  any  alacrity  to  take  up  a  fresh  policy 
of  this  nature  until  a  revival  of  trade  justi- 
fies them  financially,  but  it  does  hold  strongly 
to  the  view  that  members  must  keep  alive  to 
the  possibilities  of  the  movement  and  be 
read}-  to  take  on  any  of  this  work  when  op- 
portunity presents  itself. 

Attention  was  directed  in  the  last  Annual 
Report  to  the  wisdom  of  co-operation  with 
the  Welfare  Supervisor,  and  the  Council  is 
convinced  that  every  certifying  surgeon 
should  exert  himself  to  the  utmost  in  this 
direction.  The  present-day  importance  of 
the  certifjang  surgeon  is  not  so  much  con- 
cerned with  his  absolute  power  to  reject  ap- 
plicants for  emplojTuent  outright,  as  v,'ith  his 
discretionary  power  to  grant  certificates  un- 
der express  conditions.  This  certifying  of 
the  child,  or  young  person,  for  a  class  of  em- 
ployment suitable  to  his  health  and  physical 
I^owers,  which  was  strongly  advocated  by  the 
old  Association  of  Factory  Medical  Officers 
fifty  years  ago,  was  commonly,  though  unoffi- 
cially, practised  long  before  it  became  a  statu- 
torj-  function  in  1901,  and  the  system  was 
first  expounded  intei-nationally  by  the  Hon. 
Secretary  of  this  Association  at  the  second 
International  Congress  on  Diseases  of  Occu- 
pations, held  in  Brussels  in  1910.  The  mani- 
fest advantages  which  first  became  evident  to 
the  practical  mind  of  the  earlier  certifying 
surgeons  have  latterlj^  been  very^  extensively 
paraded  under  the  new  and  rather  more  im- 
posing mantle  of  occupational  orientation  or 
vocational  selection.  The  weakness  of  the 
system  as  practised  in  this  country  has  al- 
waj's  been  due  to  the  want  of  any  provision 
for  making  certain  that  the  conditions  at- 
tached to  the  certificates  would  be  carried  out. 
Again  practical  experience  has  indicated  the 
proper  cour.se  to  effect  a  remedy,  this  tuue  by 
way  of  the  Welfare  Supervisor.  This  officer 
has  the  same  relationship  to  the  certifying 
surgeon  as  the  nurse  has  to  the  practising 
physician  or  surgeon.  Where  the  necessary 
co-operation  has  been  arranged,  the  Welfare 
Supervisor  sees  to  the  proper  accommodation 
for  the  examinations,  takes  charge  of  the  gen- 
eral register,  makes  the  required  entries  at 


EEPORT  OF  BRITISH  CERTIFYING  FACTORY  SURGEONS        369' 


the  proper  time,  collects  the  birth  certificates, 
has  the  examinees  ready  for  the  surgeon  on 
his  arrival,  gives  any  required  assistance  dur- 
ing the  examinations,  and,  above  all,  makes 
careful  note  of  the  conditions  and  recom- 
mendations attached  to  the  certificates,  with 
the  object  of  making  certain  that  they  are 
carried  out.  It  is  also  an  easy  matter  to  ar- 
range for  re-examinations.  This  co-operation 
is  not  diiiScuIt  to  arrange,  as  it  is  almost  uni- 
versally the  case  that  factories  extensive 
enough,  or  sufficienth'  up  to  date,  to  have 
taken  up  welfare  work,  make  a  point  of  con- 
tracting with  the  certifying  surgeon  for  week- 
ly visits.  Should  there  be  found  a  firm  which 
has  adopted  welfare  without  having  a  eon- 
tract  with  the  certifying  surgeon,  the  latter 
should  arrange  with  the  supervisor  for  both 
to  make  representations  respecting  the  advan- 
tages to  be  gained  by  these  weekly  visits ;  and 
where  the  converse  obtains  the  surgeon  should 
do  his  best  to  convert  the  management  to  the 
welfare  movement.  Co-operation  is  in  some 
instances  carried  much  further.  The  re-ex- 
amination is  extended  to  those  between  16 
and  18  years  of  age,  and  is  made  more  com- 
plete, the  employer,  of  course,  materially  in- 
creasing the  contract  fee.  In  view  of  the 
reduced  number  of  examinations  due  to 
age  limitation  and  other  reasons,  the  Council 
strongly  recommends  this  extended  arrange- 
ment. 

The  action  taken  by  the  Council  with  re- 
spect to  medical  supervision  of  first-aid  and 


ambulance  equipment  has  been  explained 
earlier  in  this  Report.  Apart  from  what 
legislation  may  do  in  the  future,  we  know 
that  the  Department  would  heartily  approve 
of  voluntary  arrangements  being  made  with, 
the  certifying  surgeon  to  undertake  this  duty. 
The  Council  has  also  every  reason  to  believe 
that  this  supervision  would  be  very  welcome 
to  Welfare  Supervisors  who  are  not  already 
enjoying  the  exceptional  privilege  of  work- 
ing alongside  a  works  doctor.  Welfare  Su- 
pervisors are  well  aware  that  fii-st-aid  in  a 
factory  is  by  no  means  confined  to  the  pre- 
liminary dressing  of  wounds.  All  kinds  of 
ailments  are  brought  to  their  notice,  and  it 
cannot  but  be  a  distinct  advantage  to  them, 
as  well  as  to  the  worker  and  his  employer,  to 
have  the  benefit  of  medical  advice  in  dealing- 
with  these.  It  should  also  be  pointed  out  that 
the  certifying  surgeon  can  be,  and  has  been, 
of  vei-y  welcome  assistance  to  Welfare  Super- 
visors by  giving  addresses  on  some  useful 
subject  in  connection  with  their  work  at  the 
branch  meetings  of  the  Institute,  which  are 
regularlj'  held  during  the  winter  months  in 
various  centres.  The  Welfare  Workers'  In- 
stitute pixblishes  the  excellent  monthly  Wel- 
fare Work,  which  might  be  subscribed  to  by 
every  certifying  surgeon  with  advantage.  The 
moderate  sum  of  five  shillings  annually,  sent 
to  Gloucester  Mansions,  Cambridge  Circus, 
Shaftesbury  Avenue,  London,  W.C.2,  will 
secure  regular  delivery  of  this  extremely  use- 
ful periodical. 
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'T'HE  outstanding  feature  of  work  in 
•^  London  is  the  immense  amount  of 
close  eye  work  involved  both  in  clerical 
positions  and  also  in  professional  and 
technical  work,  such  as  that  done  by 
teachers,  dentists,  compositors,  and 
skilled  manual  workers  at  the  bench.  It 
is  a  matter  of  common  observatioa 
that  continuous  close  work  engenders 
fatigue,  and  that  the  liability  of  dam- 
age to  the  eyes  is  increased  where  there 
exist  errors  of  refraction  or  of  muscle 
balance.  In  some  cases  there  occurs 
a  breakdown  in  the  ability  of  the  work- 
er to  continue  his  work,  and  this  re- 
sults in  a  loss  to  the  worker  himself,  to 
the  employer,  and  to  the  community. 
Besides  the  liability  to  breakdown  there 
is  a  lesser  degree  of  crisis,  one  which 
makes  the  worker  less  efficient  in  his  job ; 
he  continues  at  work,  but  the  work  done 
is  inefficient  as  compared  not  only  with 
his  own  standard  under  previous  condi- 
tions of  health,  but  also  with  the  stand- 

*This  paper  was  read  at  the  Congress  of  the 
Ophthalmological  Society  of  the  United  Kingdom, 
May,  1922.     Received  for  publication  July  5,  1922. 


ard  of  other  normal  workers.  Workers 
who  have  experienced  either  breakdowns 
or  impairment  in  their  ability  desire  to 
obtain  a  change  of  work  if  possible,  even 
at  some  loss  of  earning  power.  For 
the  most  part,  however,  they  return  to 
work  after  an  interval  of  rest,  and,  by 
reason  of  their  physical  disability,  join 
the  group  of  inefficient  workers  who 
follow  a  *'ca'  canny"  policy. 

The  economic  loss  and  the  suffering 
involved  in  these  cases,  and  the  unhap- 
piness  which  failure  engenders  in  the 
mind  of  willing  workers,  are  so  great 
that  we  should  attempt  to  prevent  them. 
By  suitable  means  persons  hkely  to  fail 
could  be  picked  out  before  they  made  a 
choice  of  their  life  work,  and  their  en- 
ergies could  be  diverted  into  more 
promising  channels. 

In  presenting  evidence  before  the 
Committee  on  the  Causes  and  Preven- 
tion of  Blindness  in  1920',  I  gave  an  ac- 
count of  the  causes  of  blindness  in  925 

'  Harman,  N.  B. :  Tiie  Causes  and  Prevention 
of  Blindness,  Based  upon  an  Analysis  of  4,288 
Cases.     Brit.  Med.  Jour.,  1921,  3,  727. 
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private  patients,  and  showed  that  the 
consequences  of  high  myopia,  over  10  D, 
accounted  for  13.93  per  cent,  of  blind- 
ness, thus  occupying  the  second  highest 
place  among  all  causes  of  blindness, 
and  the  highest  among  irremediable 
causes.  Very  many  of  these  patients 
had  been  engaged  in  clerical  work  dur- 
ing their  working  life. 

In  order  to  determine  whether  my- 
opes engaged  in  continuous  close  work 
are  exposed  to  any  greater  liability  to 
breakdo^\^l  or  grave  defect  of  vision 
than  are  myopes  not  engaged  in  such 
work,  I  investigated  the  records  of 
about  7,000  private  patients.  These 
patients  were  from  all  classes  of  life 
and  from  varied  occupations.  From 
these  records  there  were  picked  out  all 
the  myopes  of  over  3  D  who  were  be- 
tween the  ages  of  20  and  60  years. 
Cases  of  congenital  defect,  accident,  or 
disease  uncomaected  with  myopia,  and 
of  monocular  myopia  were  excluded. 
The  tolal  number  of  myopes  thus  col- 
lected was  480 — quite  a  sufficient  vol- 
ume of  material  to  allow  reasonable 
inferences  to  be  drawn.  They  were 
separated  into  two  main  sections:  (1) 
habitual  close  eye  workers;  and  (2) 
those  not  thus  engaged.  In  each  section 
there  was  an  age  grouping  in  decades, 
and  also  a  grouping  according  to  the 
grade  of  myopia — from  3  to  5  D,  from 
5  to  10  D,  and  over  10  D.  In  cases  of 
astigmatism  the  average  of  the  four 
meridians  was  taken  as  the  degree  of 
myopia.  Note  was  made  of  the  events 
of  the  patient's  working  history;  of  the 
occurrence  of  indications  of  abnormal 
stress  in  work;  of  breakdowns  which 
entailed  cessation  of  work,  or  change  of 
work  where  that  was  possible,  or  a  con- 
tinuance of  the  same  work  under  modi- 
fied  conditions;    and,   lastly,    of   dij-ect 


evidence  of  damage  to  the  eyes.  The 
results  thus  obtained  from  the  examina- 
tion of  these  patients  and  from  the 
comparison  of  the  two  sections  —  the 
habitual  close  eye  workers  and  the 
other  patients  who  were  not  close  eye 
workers  —  are  presented  in  Tables  1 
and  2. 

Of    the    480    myopes    whose    records 
were  investigated,  38  per  cent,  were  en- 


TABLE  1.— GROUP  COMPARISON  OF  PER- 
SONS HABITUALLY  ENGAGED  IN  CLOSE 
EXE  WORK  AND  OF  PERSONS  NOT  SO  EN- 
GAGED 


Tyiie  of  Patient 


Number 


Break-  Damage 
downs     to  Eyes 


Total  of 
Failures 


Habitual  close 

eye   workers    . . 1S3  70  27  97 

100%  3S.2%      15%         53% 

Otlier    workers  .  .297  7  21  ,    28 

100%  2.4%     7.06%        9.4% 


Total  %  in  4S0     100%         16%         10%         26% 

gaged  in  habitual  close  eye  work,  and 
62  per  cent,  were  other  patients  not  oc- 
cupied in  continuous  close  eye  work. 
The  higher  percentage  of  the  second 
group  is  accounted  for  by  the  fact  that 
it  included  a  large  number  of  married 
women,  and  also  most  of  the  very  high 
myopes  who  were  prohibited  from  do- 
ing close  eye  work.  The  extent  of  fail- 
ure among  the  habitual  close  eye 
workers  as  compared  with  the  other 
patients  is  remarkable.  No  less  than 
53  per  cent,  of  the  close  eye  workers 
failed  at  some  time  during  their  career ; 
of  these,  15  per  cent,  sustained  perma- 
nent damage  through  the  loss  of  an  eye ; 
and  two  persons  lost  the  sight  of  both 
eyes.  Among  the  other  patients  fail- 
ures were  few,  only  a  total  of  9.4  per 
cent. ;  but  among  these  the  greater  num- 
ber, 7  per  cent,  (these  were  very  high 
myopes),    sustained    damage    to    their 
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eyes;   four   of   these    persons    lost   the 
eight  of  both  eyes. 

The  second  table  shows  that  there 
was  a  gradual  increase  in  the  incidence 
of  breakdowns  and  damage  to  the  eyes 
■with  the  increase  in  age  and  in  the 
grade  of  myopia.  In  the  group  of  pa- 
tients not  engaged  in  close  eye  work 
there  was  only  one  case  of  damage  to 
the  eyes  and  no  instance  of  breakdown 


more  numerous  among  the  habitual 
close  eye  workers,  but  it  will  be  noted 
that  there  was  a  higher  rate  of  damaged 
eyes  than  of  breakdowns  among  the 
other  patients.  This  is  accounted  for 
by  the  fact  that  this  section  contained 
most  of  the  very  high  myopes,  who  had 
been  warned  against  doing  close  work, 
and  many  of  whom  had  doubtlessly 
been  saved  by  attention  to  this  warn- 


TABLK   2.— COMPARISOX   OF  HABITU.\I.  CLOS"!  EYE  WORKERS  AND  OF  PERSONS  NOT 
SO   ENGAGED,    GROUPED    ACCORDING    TO   AGE   AND  TO  GRADE   OF   MYOPIA 


Totals     for 

Ages 

20-30 

30^0 

40-50 

50-GO 

Type    and 

Degree   of 

Myopia 

m 

m 

m 

K 

M 

p: 

■a 

^ 

■d 

■^ 

73 

5: 

5: 

Degree  of  Myopia  and 

i 

0) 

'ti 

T3 

tc 

o 

-5 

QJ 

jj 

■a 

^ 

0 
■3 

Si 

Type  of  Patient 

.= 

^ 

C3 

^ 

.a 

c: 

^ 

a 

.o 

a 

s 

Si 

y 

3 

y 

s 

y 

g 

^ 

a 

s 

nl 

g 

OS 

a 

a 

;-< 

:< 

CQ 

U 

% 

P3 

« 

z 

(3 

u 

Z 

fp 

Q 

-A 

PQ 

Q 

3  to  5  D 
Habitual  close  eye  workers  30 
Other  workers   43 


21 
25 


11 
31 


9         2 

17       — 


1       71 
1     116 


5  to  10  D 

Habitual  close  eye 

wor 

kers 

30 

14 

2 

26 

14 

2 

13 

7 

2 

12 

5 

3 

81 

40 

9 

Other 

workers    . . . 

32 

— 

1 

27 

1 

1 

33 

1 

1 

26 

1 

1 

118 

3 

4 

Over  10 

D 

Habitual  close  eye 

wor 

icrs 

5 

1 

3 

9 

2 

4 

9 

4 

4 

8 

0 

4 

31 

9 

1.5 

Other 

workers    . . . 

11 

— 

— 

15 

1 

2 

16 

— 

4 

21 

3 

10 

63 

4 

16 

Totals 

for  ages   . . . 

151 

23 

6 

123 

27 

10 

113 

14 

12 

93 

13 

20 

480 

77 

48 

at  any  age  among  those  with  myopia 
of  less  than  5  D.  Among  the  habitual 
close  eye  workers  with  myopia  of  less 
than  5  D,  however,  there  were  a  number 
of  cases  of  breakdown,  and  a  few  in- 
stances of  damage  to  the  eyes.  The 
number  of  cases  of  breakdown  and  of 
damage  increased  rapidly  for  the  close 
eye  workers  with  5  to  10  D  of  myopia, 
for  it  was  in  this  group  that  they  were 
most  numerous ;  but  there  were  only  a 
few  failures  among  the  other  patients 
with  the  same  degree  of  myopia. 

Breakdowns  and  damaged  eyes   (ex- 
cept  for   the   age    group,    50-60)    were 


ing.  Some  of  them  had  such  high  de- 
grees of  myopia,  however,  that  damage 
was  almost  inevitable. 

The  character  of  the  damage  sus- 
tained was  as  follows :  detachment  of 
the  retina,  14  cases;  degeneration  of 
the  macular  region,  3-t;  gross  vitreous 
hemorrhages  and  the  damage  conse- 
quent thereon,  5 ;  rapid  myopic  cataract, 
3.  It  is  noteworthy  how  much  more 
serious  is  the  risk  of  loss  of  central 
vision  from  degeneration  of  the  macula 
in  these  myopes,  than  is  the  risk  of  de- 
tachment of  the  retina.  Happily,  loss 
of  the  macula  does  not  leave  them  in 
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stich  a  hopeless  state  as  does  detach- 
ment of  the  retiua.  Only  six  cases  of 
total  loss  of  vision  in  both  eyes  were 
recorded;  but  in  many  other  cases  with 
the  total  loss  of  central  xision  of  ouo 
eye,  there  was  also  a  considerable  dimi- 
nution of  the  vision  of  the  other  eye 
from  the  same  condition  of  macular 
degeneration. 

The  work  done  by  some  of  the  habitu- 
al close  eye  workers  was  sometimes  of 
an  incredible  nature.  One  person  mth 
17  D  of  myopia  was  engaged  as  a  print- 
ers'  proofreader  and  corrected  statis- 
tical tabular  matter  all  day  long;  an- 
other with  12  D  was  a  miniature  paint- 
er ;  and  yet  another  with  10  D  was  a 
dental  mechanic.  Some  of  the  close  eye 
workers  had  made  a  change  of  work  on 
their  own  account :  two  lawyers  forsook 
their  clients,  one  to  become  a  farmer. 


the  other  to  become  a  cinema  control- 
ler ;  the  miniature  painter  took  over  the 
management  of  a  depot;  and  the  me- 
chanical dentist  became  a  shop  assist- 
ant. The  proofreader,  however,  pre- 
ferred to  continue  and  take  the  risk. 

The  lesson  of  these  figures  is  plain 
enough.  No  matter  what  view  we  may 
hold  of  the  causes  of  myopia,  it  is  cer- 
tain that  the  risks  of  myopia  are  heavi- 
est with  the  patients  whose  occupations 
entail  habitual  close  eye  work.  The  lia- 
bihty  of  damage  to  one  or  both  eyes 
in  close  work  is  so  great  that  we  are 
in  duty  bound  to  prevent  young  people, 
who  are  affected  by  myopia  of  more 
than  the  lesser  grades,  from  entering 
work  of  this  kind;  otherwise,  a  high 
percentage  of  them  may  sustain  partial 
blindness. 


THE  COMPAKATIVE  EFFICIENCY  OF  THE  CIRCULAR  KUNIMETER 

AND    THE    PALMER  WATER    SPRAY    APPARATUS    FOR    THE 

DETERMINATION  OF  THE   DUST  CONTENT  OF  THE  AIR* 

C.-E.  A.  WiNSLOw,  De.P.H.,  and  Robert  Jordan 

Department  of  PiiUic  Health,  Yale  School  of  Medicine 


Introduction 

ASIDE  from  tliL'  Palmer  water  spray 
sampling  apparatus  (1),  the  two 
other  devices  in  general  use  in  the 
United  States  for  the  determination  of 
the  dust  content  of  air  have  been  the 
sugar-filter  method  and  the  Hill  dust 
counter.  The  latter  method  collected 
only  the  very  large  particles,  and  the 
former  was  difficult  to  use  with  accu- 
racy, so  that  the  Palmer  apparatus  was 
recommended  for  general  use  in  1917  by 
the  Committee  of  the  American  Public 
Health  Association  on  Standard  Meth- 
ods for  the  Examination  of  Air  (2),  and 
has  been  extensively  utilized  by  many 
observers  since  that  date. 

During  the  last  few  years  notable  im- 
provements have  been  made  in  the  sugar 
filter  (3)  (4),  chiefly  by  the  use  of  a  con- 
tainer holding  a  much  larger  volume  of 
the  filtering  medium.  Meanwhile,  also, 
the  experts  of  the  Miners'  Phthisis  Pre- 
vention Committee  of  South  Africa  (5) 
have  introduced  a  new  device,  the  koni- 
meter,  which  is  an  impingement  method 
like  that  of  Hill,  but  iimnensely  superior, 
because  it  involves  the  use  of  an  air  cur- 
rent of  sufficient  velocity  to  secure  the 
retention  of  the  fine  particles  of  dust 
which  are  not  held  back  by  the  dust 
counter. 

In  view  of  these  recent  advances,  it 
seems  important  that  the  whole  question 

*Based  on  a  thesis  presented  by  the  junior  au- 
thor in  partial  fulfilment  of  the  requirements  for 
the  certificate  in  Public  Health  of  Yale  Univer- 
sity.    Received  for  publication  Aug.  5,  1922. 


of  atmospheric  dust  analysis  should  be 
reconsidered,  and  a  careful  comparison 
made  of  the  efficiency  of  the  several  de- 
\ices  now  available. 

Apparatus  Used  in  the  Present 
Investigation 

The  investigation  here  reported  in- 
volves a  comparative  study  of  the 
Palmer  w^ater  spray  apparatus  and  a 
South  African  konimeter  of  the  new  cir- 
cular type.  The  Palmer  apparatus  was 
of  the  usual  design  now  so  familiar  that 
it  requires  no  comment.  The  konimeter 
was  of  the  type  described  by  Katz  and 
Trostel  (4),  and  was  constructed  by 
A.  F.  H.  Devers,  an  instrument  maker  of 
Johannesburg. 

Measurements  of  the  area  of  the  im- 
pinging orifice  were  made  with  a  mi- 
crometer microscope.  Prom  the  average 
of  nine  readings  of  the  diameter  the  area 
was  calculated  to  be  0.271  sq.  mm.  The 
average  of  nine  observations  of  the  di- 
ameter of  the  piston  was  1.767  cm.  By 
means  of  a  needle  pointer  attached  to 
the  bottom  of  the  piston,  and  a  milli- 
meter scale  the  actual  travel  of  the  pis- 
ton was  found  to  be  3.82  cm.  From  the 
diameter  of  the  piston,  given  above,  and 
the  length  of  the  stroke  the  volume  of 
the  cylinder  was  calculated  to  be  9.44  c.c. 

According  to  the  South  African  inves- 
tigators the  speed  of  the  stroke  should 
be  sufficient  to  produce  at  the  impinging 
nozzle  an  air  velocity  of  30  to  80  m.  per 
second.     Since  the  efficiencv  of  this  ma- 
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chine  depends  on  the  velocity  of  the  im- 
pinging jet,  considerable  attention  was 
paid  to  this  detail.  The  principle  out- 
lined in  Appendix  No.  3  of  the  Final  Re- 
port of  the  Miners'  Phthisis  Prevention 
Committee  of  South  Africa  (5)  was 
adopted.  A  strip  of  carbonized  paper 
was  fixed  in  a  holder  attached  to  the 
base  of  the  piston.  Resting  against 
this  paper  was  a  pointer  attached  to  a 
tuning  fork  making  100  vibrations  per 
second.  When  the  fork  was  caused  to 
vibrate  and  the  piston  was  released,  a 
curve  was  produced  on  the  smoked 
paper.  The  number  of  complete  vibra- 
tions here  indicated  was  equal  to  the 
time  in  hundredths  of  a  second  taken  for 
the  complete  travel  of  the  piston.  The 
length  of  time  required  was  found  in  this 
manner  to  be  0.70  seconds.  This  gives 
at  the  impinging  orifice  a  velocity  of  49 
m.  per  second.^ 

After  the  calculated  velocity  and  vol- 
ume of  the  instrument  had  thus  been  ob- 
tained, it  seemed  best  to  check  the  vol- 
ume by  actual  measurements.  A  small 
brass  tube  was  screwed  on  the  outer  end 
of  the  impinging  orifice ;  over  this  joint 
a  small  section  of  rubber  tubing  was 
fitted  and  the  ends  were  made  tight  with 
sealing  wax.  The  lower  ends  of  two 
10  CO.  pipettes  were  connected  with  rub- 
ber tubing  and  the  upper  end  of  one 
joined  to  a  glass  stopcock  and  then  to 
the  tube  fixed  on  the  konimeter.  Suffi- 
cient water  was  placed  in  the  apparatus 
to  fill  Ihe  open  pipette  and  the  connect- 
ing tubing.  Pressure  tubing  was  used 
and  the  top  of  the  closed  pipette  was 
kept  moist.  That  no  leakage  occurred 
could  be  shown  by  raising  the  water 
level  in  the  closed  pipette  above  that  in 

'A  new  spring  was  obtained  and  tested  in  an  ef- 
fort to  increase  the  velocity,  but  owing  to  the  un- 
even rate  of  travel  that  it  produt-ed,  it  had  to  be 
discarded. 


the  open  pipette,  closing  the  stopcock 
and  observing  the  level  for  half  an  hour. 
The  fact  that  the  water  level  remained 
stationary  during  this  interval  indicated 
that  the  joint  was  air-tight. 

After  the  konimeter  had  been  set,  the 
apparatus  was  connected  and  the  open 
l^ipette  adjusted  so  that  the  water  in 
both  tubes  was  brought  to  the  same 
level.  This  level  was  noted.  The  koni- 
meter piston  was  then  released,  and  the 
water  was  permitted  to  rise  in  the  closed 
arm  of  the  U-tube.  During  motion  the 
surface  of  this  column  was  slightly  con- 
vex. It  was  found  that  at  the  end  of 
the  stroke,  when  the  pressure  below  the 
piston  approximated  that  above  it,  leak- 
age occurred  around  the  piston  packing, 
and  the  water  level  in  the  closed  pipette 
could  not  be  maintained  till  a  leveling 
and  reading  could  be  made.  The  use 
of  the  stopcock  removed  this  source  of 
trouble.  At  the  end  of  the  stroke,  at 
the  instant  that  the  raised  center  of  the 
column  began  to  drop,  connection  be- 
tween the  konimeter  and  the  pipette  was 
cut  off  by  means  of  the  stopcock.  The 
open  tube  was  then  raised  till  the  col- 
umns of  water  were  again  level,  and  the 
meniscus  of  the  closed  tube  was  read 
again.  The  difference  between  this  read- 
ing and  the  first  one  gave  the  volume  of 
air  aspirated  by  the  konimeter.  If  the 
piston  was  kept  clean  and  lubricated 
with  a  shght  amount  of  powdered  graph- 
ite, little  variation  was  observed.  The 
average  volume  of  air  removed  was  9.36 
c.c,  or  99.15  per  cent,  of  the  calculated 
volume. 

When  dust  samples  were  taken  in 
places  where  the  air  was  exceedingly 
dusty,  it  was  found  advisable  to  reduce 
the  amount  of  air  sampled.  In  this  man- 
ner the  intensity  of  the  dust  spot  was 
kept  at  such  a  value  that  the  count  could 
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be  made  with  a  fair  degree  of  ease.  In 
order  to  accomplisli  tliis  it  Avas  only  nec- 
essary to  reduce  the  travel  of  the  piston, 
and  for  this  purpose  several  small  trape- 
zoids of  sheet  brass  were  made.  They 
were  of  such  sizes  that,  when  placed  in 
the  line  of  the  piston  travel,  they  would 
cut  down  the  volume  of  the  air  sampled 
to  approximately  one-fourth,  one-third, 
one-half,  and  two-thirds  of  the  total  vol- 
ume of  the  cylinder.  The  volume  of  air 
sampled  was  carefully  determined  with 
the  stops  in  place  and  was  found  to  be 
2.30  c.c,  3.13  c.c,  4.93  c.c,  and  6.46  c.c, 
respectively. 

Method.s  of  Sampling 

The  bottles  used  for  the  Palmer  sam- 
ples were  Erlemneyer  flasks.  They  were 
scrupulously  cleaned  in  the  laboratory 
and  slightly  more  than  100  c.c.  of  dis- 
tilled water  placed  in  each.  Heavy  caps 
of  wrapping  paper  were  fastened  over 
the  rubber  stoppers  with  rubber  bands. 
On  arrival  at  the  place  where  the  sam- 
ples were  to  be  taken  the  apparatus  was 
set  up  and  connected  mth  an  electric 
light  socket.  About  40  c.c.  of  water  were 
then  placed  in  the  bulb.  If  the  sampling 
was  not  started  immediately  the  intake 
was  protected  by  a  small  box  cover.  The 
manometer  was  leveled  by  means  of  the 
attached  spirit  level.  After  running  for 
a  definite  length  of  time,  usually  twenty 
or  thirty  mimites,  the  water  was  draAvn 
into  a  clean  flask,  the  bulb  rinsed  two  or 
three  times,  and  the  w^ashings  added  to 
the  sample.  The  bottles  were  then  re- 
capped and  brought  to  the  laboratory. 

The  circular  glass  of  the  konimeter, 
after  being  washed,  was  carefully 
cleaned  with  lens  paper  and  was  then 
smeared  with  a  thin  layer  of  white  vase- 
line, by  means  of  a  glass  rod.  The  vase- 
line  prepared   for  medicinal   purposes 


was  found  quite  free  from  dust,  and  the 
small  tubes  in  which  it  may  be  pur- 
chased are  convenient  to  use.  The  slide, 
after  being  vaseiined,  was  examined  un- 
der the  microscope  to  make  certain  that 
it  was  free  from  dust.  It  was  then 
placed  in  the  konimeter  and  the  face 
plate  screwed  on.  While  we  were  in  the 
places  where  samples  were  taken,  it  was 
kept  in  a  small  carrying  case,  except  for 
the  few  seconds  necessary  to  set  and  re- 
lease the  plunger  and  to  turn  a  new  sur- 
face in  place  before  the  oriiice,  by  means 
of  the  screw  provided  for  that  purpose. 
A  sample  was  taken  at  the  moment  that 
the  Palmer  apparatus  was  started,  and 
every  five  minutes  thereafter  through- 
out the  time  of  Pahner  sampling.  The 
only  exception  to  this  was  in  Series  D, 
where  the  extreme  conditions  made  it 
impracticable  to  run  the  Palmer  appara- 
tus over  eight  minutes,  and  here  koni- 
meter samples  were  taken  at  corre- 
spondingly shorter  intervals.  Also  in 
Series  D,  which  consists  of  very  high 
counts,  one  of  the  stops  previously  men- 
tioned was  used  in  all  samples. 

Geneeal,  Results 

In  all,  thirty-five  Palmer  air  samples 
were  studied  in  the  present  investiga- 
tion, distributed  as  follows : 

Series  A. — Knife-handle  o-rindino-  and  pol- 
ishing shop   (eoca-bola  wood  mainly)    ...   9 

Series  B. — Plier  grindin"-  shon 8 

Series  C. — Quiet  air  in  imused  laboratory  8 
Series  D. — Sand-blasting;   room 10 

The  general  results  are  indicated  in 
Table  1.  It  is  evident  that  the  konimet- 
er gives  far  higher  results  than  the 
Palmer  apparatus.  In  Series  A  (wood 
dust)  the  ratio  of  the  konimeter  count 
to  the  Palmer  count  varied  for  individu- 
al samples  from  4.8  to  9.8,  and  averaged 
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7.3 ;  in  Series  B  (metallic  dust)  it  varied 
from  18.2  to  33.8,  and  averaged  23.4;  in 
Series  C  (normal  air)  it  varied  from  7.0 
to  58.0,  and  averaged  19.5;  in  Series  D 
(heavy  silicious  dust)  it  varied  from  1.7 
to  7.5,  and  averaged  2.8. 


particles  involved.  In  Series  A  and  Se- 
ries D,  which  showed  average  ratios  un- 
der 8,  over  fifteen  particles  in  1,000  of 
the  dust  were  over  10  microns  in  diam- 
eter. In  Series  B  and  C,  in  which  the 
konimeter-Palmer  ratio  was  from  19  to 


TABLE  1.  —  COMPARATIVE  DUST  COUNTS 
OBTAINED  WITH  KONIMETER  AND  PALM 
ER  APPARATIS 


TABLE  2.— RATIO  OF  KONIMETER  TO  PALM- 
ER COUNT  FOR  PARTICLES  OF  DIFFER- 
ENT SIZES 


Series 


Particles  per  Cubic  Four 


Palmer 
Apparatus 


Series 

A 

Minimum 

Average 

Maximiim 

852,000 
2,054,500 
3,377,000 

110.900 
281.000 
470,00(1 

Series 

B 

Minimum 

Average 

Maximuni 

3.389,000 
4,882,500 
9.410.000 

101,500 
208,000 
:i43,900 

Series 

C 

Minimum 
Average 
Maximum 

270.500 

733.500 

1.660,000 

25.800 
37.50(1 
54,200 

Series 

D 

Minimum 

Average 

Maximuni 

(j.660,000 
40.676,000 

!a.,")U(),ooo 

2,130,000 
14,394.000 

3s,(5ri(t.0(KI 

Relative  Efficiency  or  the  Two  Pro- 
cedures WITH  Reference  to  P.\r- 
TicLES  OF  Different  Sizes 

In  Table  2  are  presented  data  for  the 
konimeter-Palmer  ratio,  with  distinction 
in  regard  to  the  size  of  the  particles 
counted.  It  appears  that  with  the  parti- 
cles of  a  diameter  over  10  microns  the 
konimeter  is  from  two  to  three  times  as 
efficient  as  the  Palmer  apparatus  (with 
the  heavy  dust  of  Series  D  it  gave  a  low- 
er count  than  the  Palmer).  For  the  par- 
ticles less  than  10  microns  in  diameter, 
on  the  other  hand,  the  konimeter  is  far 
more  efficient,  showing  a  count  from  ten 
to  twenty  times  higher  than  the  Palmer 
count,  except  in  the  case  of  the  sand- 
blast dust  where  the  two  methods  were 
more  nearly  alike. 

It  seems  clear  that  the  ratio  between 
the  konimeter  and  the  Palmer  count  is 
primarily  conditioned  by  the  size  of  the 


Ratic 

)  for  Part 
Over  10 
Microns 

icles 

Series         Type  of 
Dust 

Under  10  i 
Microns  | 

All  Par- 
ticles 

A     wood 

B     metalUc 

C     normal  room 

I)     heavy  silicious 

S.9 
24.1 
20.0 

2.9 

2.1 
3.8 
3.5 
0.9 

7.3 
23.4 
19.5 

2.S 

23,  less  than  five  particles  in  1,000  of  the 
dust  particles  were  over  10  microns  in 
diameter. 

Since  it  is  the  particles  under  10  mi- 
crons in  diameter  which  are  of  major 
sanitary  significance,  the  superiority  of 
the  konimeter  seems  to  be  reasonably 
clear. 

Sampling  Error  Involved  in  the  Use 
OF  THE  Konimeter 

The  fact  that  the  konimeter  takes  a 
so-called  "instantaneous  grab  sample" 
obviously  offers  considerable  possibili- 
ties of  error  in  its  use.  It  has  already 
been  pointed  out  that  in  the  present 
study  each  konimeter  count  used  for 
comparison  with  a  Palmer  count  was 
based  on  the  average  of  three  to  seven 
individual  konimeter  fields,  a  konimeter 
sample  being  usually  collected  every  five 
minutes  during  the  period  of  the  Palmer 
sampling.  Of  198  individual  konimeter 
samples  but  four  showed  a  deviation  of 
over  100  per  cent,  from  the  average  of 
tlie  sampling  group  to  which  they  be- 
longed, and  but  forty-two  showed  a  de- 
viation of  over  50  per  cent.  When  we 
consider   the   average   de^-iation   for   a 
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group  of  konimeter  samples  taken  dur- 
ing a  single  Palmer  sampling  procedure 
we  obtain  the  following  results : 

3  group   sanipk's   had   an  average   devia- 
tion  of 0-19% 

21   group  samples  had   an   average   devia- 
tion  of 20-39% 

9  group   sanipk's  had   an   average  devia- 
tion  of 40-59% 

1   group   sample    had    an    average    devia- 
tion  of 60-79% 

0  group   sample    had    an    average    devia- 

tion  of 80-99% 

1  group   sample    had    an   average    devia- 

tion  of 100-1197o 

On  the  average,  therefore,  even  a  sin- 
gle konimeter  sample  will  generally  give 
a  result  within  60  per  cent,  of  the  aver- 
age of  a  series  of  such  samples  collected 
at  the  same  place  and  at  approximately 
the  same  time.  It  would  be  well,  in  prac- 
tice, to  take  three  konimeter  samples  at 
a  given  point  at  intervals  of  five  min- 
utes, a  procedure  which  would  yield  en- 
tirely representative  results  with  far 
less  labor  than  that  involved  in  the  col- 
lection of  a  single  Palmer  sample. 

Summary  and  Conclusions 

1.  It  appears  from  this  study  that 
the  circular  konimeter  gives  dust  counts 
from  two  to  twenty  times  as  high  as 


those  obtained  with  the  Palmer  appara- 
tus. 

2.  The  finer  the  dust,  the  greater  is 
the  excess  of  the  konimeter  count  over 
the  Palmer  count,  a  fact  which  weighs 
heavily  in  favor  of  the  konimeter,  since 
it  is  the  fine  particles  which  are  of  chief 
sanitary  significance. 

3.  Samialing  errors  due  to  the  small 
volume  of  air  collected  by  the  konimeter 
do  not  appear  to  be  serious.  They  can 
be  reduced  to  a  negligible  value  by  tak- 
ing three  konimeter  samples  at  a  given 
point  at  intervals  of  five  minutes. 

4.  The  konimeter  is  altogether  su- 
perior to  the  Palmer  apparatus  in  re- 
gard to  portability  and  to  economy  of 
time  and  labor  in  sampling  and  counting. 

5.  It  is  evident  that  the  whole  prob- 
lem of  standard  methods  for  determin- 
ing atmospheric  dust  should  be  reconsid- 
ered. Before  the  konimeter  or  any  other 
device  can  be  substituted  for  the  Palmer 
apparatus  extensive  examinations  must 
be  made  of  air  from  various  types  of  in- 
dustrial establishments,  since  the  stand- 
ards now  in  use  in  this  country  are 
based  on  the  Palmer  method  and  must 
be  fundamentally  revised  before  prac- 
tical conclusions  can  be  drawn  from  the 
use  of  any  other  procedure. 
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THE  ROLE  OF  SYPHILIS  IN  INDUSTRIAL  DISABLEMENT: 
ANALYSIS  OF  291  PHYSICAL  SURVEYS* 

Page  Edmunds,  M.D. 

Industrial  Surgery,   University  Hospital,   Baltimore,  Aid. 


THE  physicnl  surveys  which  are  re- 
ported in  this  article  were  made  for 
several  reasons.  A  great  many  of  them 
were  requested  by  the  relief  department 
of  a  Baltimore  company  because  of  un- 
satisfactory diagnosis,  especially  in  cases 
characterized  by  delayed  convalescence 
and  prolonged  disability.  Others  were 
requested  by  the  claim  and  legal  depart- 
ments in  order  to  determine  the  extent 
and  character  of  disablement,  if  any, 
for  the  purpose  of  settlement.  The 
number  of  positive  syphilitic  findings 
was  so  great  that  our  attention  was  at- 
tracted to  this  condition  as  one  playing 
an  important  part  in,  and  frequently 
the  entire  cause  of  the  disablement. 

The  diagnosis  of  syphilis  was  based 
on  the  physical  findings,  blood  and 
spinal  Huid  Wassermann  test.  In  the 
Wassermann  test  used  two  methods  and 
two  antigens  were  employed :  ice  box 
and  water  bath  methods ;  and  cholester- 
ine  and  alcoholic  antigens.  I  realize 
that  certain  exceptions  may  be  taken  to 
the  accuracy  of  the  Wassermann  reac- 
tion. Until  some  method  without  pos- 
sible error  has  been  developed,  however, 
wo  must  necessarily  accept  the  Wasser- 
mann test  as  performed  by  an  experi- 
enced and  well-equipped  laboratory  as 
100  per  cent,  accurate.  Whatever  error 
the  test  has,  will  be  on  the  positive  side, 
and  someone  may  receive  unnecessary 
treatment.  When  one  considers  the  dire 
results  from  failure  of  early  recognition 
and  from  insufficiency  of  treatment,  one 

♦Received  for  puhUcation  Aug.  10.  1922. 


cannot  but  conclude  that  the  minute 
degree  of  inaccuracy  (less  than  1  per 
cent.)  may  be  ignored  for  the  sake  of 
the  greatest  good  to  the  greatest  num- 
lier. 

Su:\IMARY   OF    C.4.SES 

There  were  291  surveys  made.  The 
blood  was  examined  for  syphilis  in  222 
cases,  of  which  187  gave  negative  re- 
sults, and  35  positive  results.  In  69 
cases  early  in  the  series,  we  did  not 
make  a  Wassermann  test  as  we  did  not 
then  think  that  it  was  indicated.  Had 
we  done  so,  I  believe  that  the  total  num- 
ber of  positive  cases  would  have  been 
larger.  Of  the  total  number  of  patients 
— that  is,  291 — we  found  that  12-  per 
cent,  had  syphilis.  Of  those  cases  in 
which  the  Wassermann  test  was  made 
— namely,  222 — 15-  per  cent,  gave  posi- 
tive results.  In  the  35  cases  of  syphilis 
we  found  32  positive  blood  Wasser- 
manns,  and  3  negative  with  positive 
spinal  fluid.  There  were  1-t  positive 
spinal  fluids,  and  2  negative;  in  19  cases 
the  spinal  fluid  was  not  obtained.  In 
11  cases  both  blood  and  spinal  fluid 
were  positive.  Twelve  patients  gave 
a  definite  history  of  syphilis.  Nineteen 
had  definite  cerebrospinal  sypliilis;  of 
this  number,  14  were  trainmen  or  had 
lo  do  with  the  operation  of  trains;  6 
were  engineers ;  1,  a  conductor ;  4,  brake- 
men;  2,  firemen;  and  1,  a  telegraph 
operator.  Five  other  trainmen  had 
chronic    syphilis.      Of    the    35    patients 


380 


EDMUNDS— SYPHILIS  AND  INDUSTRIAL  DISABLEMENT 


381 


with  syphilis,  15  are  now  permaneutly 
disabled;  15  are  temporarily  disabled; 
and  4  are  dead. 

The  total  amonnt  of  time  which  was 
lost  by  these  tliirty-five  employees  up 
to  May  1,  1921,  was  13,9-1:6  days;  the 
largest  number  of  days  lost  by  one  per- 
son was  2,003,  the  smallest,  30,  making 
the  average  410.  The  cost  to  the  relief 
department  for  the  same  period  was 
$25,296.10,  the  cost  to  the  company  as 
compensation,  $25,415,  making  a  total 
cost  of  $50,711.10. 

While  we  are  not  in  a  position  to  say 
that  s;vi3hills  Avas  the  sole  cause  of  dis- 
ablement in  all  these  cases,  we  can  say 
that  where  other  conditions  were  com- 
plicated by  syphilis  the  original  disable- 
ment was  prolonged  directly  by  the 
disease,  and  without  exception  the  prob- 
lem in  each  case  was  to  treat  the  syphilis 
as  a  primary  means  toward  terminating 
the  disablement.  There  were  nine  cases 
of  injury  in  the  list;  the  remainder 
were  medical  conditions,  and  of  this 
group  twenty-one  were  cases  of  definite 
mental  disturbances. 

There  are  several  interesting  and  im- 
portant questions  arising  out  of  a  study 
of  this  sort.  For  instance,  what  meas- 
ures can  we  take  to  help  those  already 
disabled;  to  prevent  a  continuance  of 
this  condition  among  employees;  to 
guard  the  safety  of  the  traveling  public ; 
and  to  protect  the  company  property? 
There  are  three  viewpoints  from  which 
the  problem  may  be  approached :  that  of 
the  individual;  that  of  the  community 
and  the  employer;  and  that  of  the  con- 
sultant physician.  The  individual  will 
naturally  ask:  "If  I  have  syphilis,  why 
should  there  be  any  delay  in  making  a 
diagnosis  ?  Can  I  be  cured !  If  an  early 
diagnosis  had  been  made,  would  it  have 
had  any  bearing  on  the  final  result  of 
the  treatment  ?  Am  I  a  source  of  danger 


through  contagion  to  my  family  or  to 
the  public?" 

The  viewpoints  of  the  public  and  of 
the  employer  are  the  same,  and  have  to 
do  with  the  conservation  of  life,  health, 
and  property.  The  logical  questions 
are  again:  What  is  the  possibility  of 
contagion!  What  effect  does  the  dis- 
ease have  upon  the  capacity  of  the  men 
as  railroad  employees?  Did  any  of  the 
workers  have  syphilis  at  the  time  of 
employment?  Can  syphilis  be  detected 
by  the  ordinary  physical  examination 
for  employment?  Is  there  any  way  of 
making  an  early  diagnosis  in  persons 
acquiring  the  disease  after  the  entrance 
examination?    Can  they  be  cured? 

The  medical  viewpoint  includes  all  of 
the  foregoing  problems  with  the  addi- 
tional problems  of  determining  when 
patients  cease  to  be  contagious;  when 
they  are  safe  as  trainmen;  by  what 
standards  their  fitness  can  be  deter- 
mined; in  what  way  their  entrance  into 
the  service  can  be  prevented;  how  tho^^e 
acquiring  the  disease  after  entrance  can 
be  discovered;  and  how  efficient  treat- 
ment can  be  given  those  who  are  unable 
to  pay  for  it. 

In  the  following  I  shall  attempt  to 
answer  these  questions,  though  not 
categorically.  The  delay  in  maldng  an 
early  diagnosis  of  syphilis  is  due  to 
laxity  or  insufficient  observation  on  the 
part  of  the  medical  adviser.  I  believe 
that  for  the  most  part  the  failure  is 
due  to  hurried  and  careless  examina- 
tions. Most  of  these  syphilitic  cases 
are  entirely  under  the  care  of  the  family 
physician.  He  passes  on  his  diagnosis 
to  the  medical  examiner,  who  accepts 
it  without  further  inquiry,  and  the  re- 
sult is  that  the  patient  loses  his  only 
hope  of  cure.  It  must  be  remembered 
that  in  the  vast  majority  of  cases  the 
medical  examiner  has  no  alternative  but 
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to  accept  the  diagnosis  given,  as  he  has 
no  ethical  reason  for  investigation  until 
the  disability  has  extended  beyond  a 
reasonable  time.  Then,  in  the  interest 
of  the  relief  department,  as  a  mutual 
insuring  agency,  he  is  entitled  to  ask 
for  further  search  for  the  cause  of  dis- 
ablement. In  trainmen,  however,  the 
danger  to  the  life  and  property  of  the 
community  demands  that  every  case  of 
suspicious  illness  —  such  as  lapse  of 
memory,  failing  vision,  continued  dizzi- 
ness, erratic  conduct,  uncontrolled  tem- 
per, and  especially  cases  of  employees 
who  possess  ideas  of  grandeur,  and  are 
prone  to  boast  of  their  ability  and  pos- 
sessions —  should  be  investigated  mi- 
nutely, and  syphilis  should  be  borne  in 
mind  as  a  possible  cau.<e.  Little  credence 
should  be  given  to  the  absence  of  posi- 
tive history.  All  trainmen  who  have 
been  disciplined  for  disobedience  of  or- 
ders in  handling  trains  should  not  be 
permitted  to  return  to  work  until  a  com- 
plete medical  examination  has  been 
made.  All  cases  of  disablement  of  more 
than  thirty  days'  duration,  unless  the 
diagnosis  covering  the  condition  is  ob- 
viously correct,  should  be  referred  for 
a  more  complete  examination.  Cer- 
tainly, disablement  should  not  be  per- 
mitted to  continue  indefinitely  without 
a  well-directed  effort  to  arrive  at  a  diag- 
nosis, and  thus  prevent  unnecessary 
and  oftentimes  fatal  delay  in  instituting 
proper  treatment. 

Stokes  and  Brehmer,  from  the  im- 
mense material  of  the  Mayo  Clinic,  have 
reported  in  this  Journal^  a  study  of 
syphilis  which  has  a  direct  bearing 
upon  this  discussion.  They  reviewed  the 
general  medical  examinations  of  1,763 
patients,  and  found  syphilis,  obvious 
enough  to  be  detected  Avithout  labora- 


'  Stokes,  J.  H.,  and  Brehmer,  H.  E. :  Syphilis  in 
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tory  tests,  in  3.1  per  cent. ;  4.2  per  cent, 
of  the  men  had  the  disease,  and  2.6  per 
cent,  of  the  women.  The  lowness  of 
these  figures  coming  from  a  well- 
equipped  clinic  emphasizes  the  weak- 
ness of  clinical  judgment  alone,  in  the 
recogiution  of  this  disease,  as  compared 
with  the  diagnoses  based  upon  the 
Wassermann  test.  Of  the  positive  diag- 
noses, 58.7  were  contributed  by  labora- 
tory procedures.  Of  the  railroad 
employees  examined  11.7  per  cent,  had 
syjDhilis.  The  disease  was  eight  times 
as  frequent  in  them  as  in  farmers  (1.5 
per  cent.) ;  three  times  as  frequent  as  in 
business  men  (3.8  per  cent) ;  and  twice 
as  frequent  as  in  laborers  (6.1  per 
cent.).  The  doubtful  value  of  the  his- 
tory of  infection  in  the  recognition  of 
these  cases  is  shown  by  the  fact  that 
24  per  cent,  had  no  history  of  infection 
other  than  gonorrhea. 

The  only  hope  that  we  have  of  curing 
these  patients  lies  in  the  early  recog- 
nition and  vigorous  treatment  of  the 
infection.  The  sufficiencj'  of  treatment 
is  to  be  determined  by  the  blood  and 
spinal  fluid  reaction,  and  no  one  should 
be  discharged  as  cured  until  a  negative 
Wassermann  on  the  spinal  fluid  has 
been  obtained.  It  must  be  recalled, 
however,  that  while  the  early  syphilitic 
infection  is  general,  there  is  a  tendency 
for  the  spirochetal  cause  to  localize  it- 
self in  certain  tissues,  as  in  the  aorta, 
but  more  especially  in  the  central  ner- 
vous system.  When  the  central  nervous 
system  has  been  entered  and  changes 
in  the  tissues  have  resulted,  as  evi- 
denced by  a  positive  Wassermann  reac- 
tion and  cellular  change  in  the  spinal 
fluid,  we  have  little  to  offer  in  the  way 
of  curative  treatment  and  must  be  sat- 
isfied with  the  arrest  of  progress  of  the 
disease. 

Contagion. — All  cases  of  acute  syphi- 
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lis  or  those  in  which  there  are  active 
lesions  should  he  haudled  as  contagious. 
lu  the  later  stages  of  the  disease,  as  in 
locomotor  ataxia  aud  general  paresis, 
there  is  little  danger  of  contagion. 
These  patients  are  suffering  not  so  much 


the  central  nervous  system  should  be 
considered  unsafe  as  trainmen  and 
should  not  be  permitted  to  operate 
trains  until  it  is  proved  that  they  are 
cured.  They  are  unsafe  as  trainmen 
because  of  the  liability  of  sudden   at- 
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COST    TO   CLAIM    atPT.   25,415,00      TOTAllJ5J«2««lWK    PO|ITIV| 
COST   TO   RELIEF  DIPT  2Sa96iO 
TOTAL*  50.711./ 0 


1. — Tabnlatidii  <if  fiiiding.s  in  thirty-five  cases  of  sjiiUilis 


from  syphilis  as  from  the  destructive 
.action  of  syphilis  ou  the  brain  and  the 
spinal  cord. 

Are  Syphilitics  Safe  an  Trainmenf- 
AU  sypliilitic'8  should  be  considered  po- 
tentially unsafe  as  workers  until  effec- 
tive treatment  has  been  instituted  and 
their  progress  toward  recovery  care- 
fully followed.  It  is  my  firm  conviction 
that  all  syphilitics  with  an  invasion  of 


tacks  of  unconsciousuesi?,  of  uncertain 
memory,  of  defective  judgment  aud 
last,  but  by  no  means  the  least,  becauso 
of  the  ideas  of  grandeur  that  character- 
ize certain  cerebrospinal  cases. 

The  following  extracts  from  case  re- 
ports are  cited  by  way  of  illustration. 

Case  1  (970).— -A  telegraph  operator,  aged 
33,  married,  was  reported  for  unsatisfactory 
service  by  the  Division  Superintendent,  who 
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stated  that  he  forgot  to  deliver  mail  and  hag- 
gage  and  could  not  copy  a  Western  Union 
message  eorrectl.y.  The  superintendent  was 
afraid  that  the  man  would  fail  to  deliver  a 
train  order.  A  diagnosis  of  general  paresis 
was  made  on  the  basis  of  positive  blood  and 
spinal  iluid  reactions. 

Case  2  (1094).— A  brakeman,  aged  44 
married,  was  subject  to  hallucinations  and 
peculiar  spells.  A  diagnosis  of  cerebrospinal 
syphilis  was  made ;  the  blood  and  spinal  fluid 
were  positive. 

Case  3  (1452). — An  engineer,  aged  46, 
married,  was  reported  by  a  fellow-engineer 
because  of  his  peculiar  actions.  The  case 
was  diagncsed  as  cerebrospinal  syphilis ;  the 
blood  and  spinal  fluid  were  positive. 

Care  4  (1267).— A  fireman,  aged  31,  a 
widower,  became  suddenly  unconscious  in 
the  cab  of  an  engine  and  fell  to  the  floor, 
where  he  remained  for  two  hours.  Upon  his 
recovery  he  had  no  memory  of  the  attack. 
A  diagnosis  of  cerebrospinal  syphilis  was 
made ;  the  blood  was  negative,  the  spinal  fluid 
positive. 

Case  5. — J.  S.,  a  brakeman,  aged  35,  mar- 
ried, entered  the  hospital  with  the  history  of 
having  fallen  from  a  slowly  moving  train ; 
the  cause  of  his  fall  was  unknown.  He  had 
a  few  superficial  scratches.  His  conductor 
stated  that  he  had  reported  him  several 
times  for  inattention,  forgetfulness,  and  gen- 
eral unsatisfactory  serxace.  He  sent  him  to 
bring  nine  eai-s  from  a  siding,  and  he  brought 
out  eighteen.  When  questioned,  the  brake- 
man  said  that  he  had  only  nine.  He  had  a 
penile  scar,  and  gave  a  history  of  infection 
in  August,  1921.  He  had  received  no  treat- 
ment. The  blood  reaction  was  100  per  cent. 
positive. 

Case  6. — An  engineer  ran  past  a  signal 
set  against  him  and  a  rear-end  collision  with 
another  freight  train  resulted.  The  engineer 
and  fireman  were  killed.  A  bottle  of  mercury 
tablets  was  found  in  the  engineer's  pocket, 
and  investigation  proved  that  he  was  being 
treated  for  syphilis. 

While  defective  memory  may  lead  to 
serious  loss  of"  life  or  pi'operty,  it  is 
not  nearly  so  dangerous  from  the  rail- 
road ijoint  of  view  as  the  condition 
generally  known  as  "idea  of  grandeur," 
where  the  person  is  convinced  of  liis 
superior  intellect  and  his  freedom  from 
the   usual    rcsti-aiuing  customs   and   or 


ders  of  his  life  and  occupation.  One> 
engineer  with  syphilis  (included  in  this 
series)  had  a  boiler  explosion;  perhaps 
he  reasoned  that  water  in  the  boiler  was 
necessary  for  other  engineers  but  not 
for  him.  Another  engineer  with  syphi- 
lis, with  a  previous  good  record,  passed 
a  danger  signal,  thereby  wrecking  two 
trains.  Perhaps  he  thought  that  stop 
signals  were  all  right  for  the  average 
engineer  but  not  for  him.  These  exam- 
ples show  that  all  trainmen  with  syphi- 
lis are  dangerous  to  themselves,  to  the 
public,  and  to  the  company;  and  all 
trainmen  who  are  questioned  about 
their  failure  to  comply  with  rules  hav- 
ing to  do  with  the  safety  of  trains 
should  have  a  medical  examination  be- 
fore they  are  permitted  to  resume  their 
duties. 

Syphilis  at  Time  of  Employment. — It 
was  shown  by  Stokes  and  Brehmer  that 
26  per  cent,  of  the  patients  mth  syphilis 
contracted  the  disease  between  the  ages 
of  17  and  20  years ;  32  per  cent.,  between 
20  and  25;  and  nearly  60  per  cent,  pre- 
vious to  25  years  of  age.  It  must  be 
concluded,  therefore,  that  a  large  num- 
ber were  syphilitic  at  the  time  of  em- 
ployment. It  is  quite  obvious  that  figures 
with  regard  to  time  of  infection  could 
not  be  obtained  from  industrial  sources 
such  as  this  series  which  I  have  re- 
])orted,  yet  I  feel  that  the  experience  of 
Stokes  and  Brehmer  so  accords  \\A[\i  my 
own  private  experience  that  their  fig- 
ures can  be  accepted  as  applying  to 
railroad  men. 

Can  Syphilis  Be  Detected  by  Ordi- 
nary Physical  Examination  for  Em- 
ployment?— Except  in  very  obvious 
cases  detection  of  the  disease  is  impos- 
sible. By  a  slight  modification  of  the 
routine  examination,  however,  the  num- 
ber of  cases  detected  can  be  substan- 
liallv  increased. 
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In  the  cases  where  syphilis  is  ac- 
quired after  employment  we  must  de- 
pend on  publicity  propaganda  to  make 
the  infected  persons  recognize  the 
dangers  of  the  disease,  and  to  lead  them 
to  seek  early  treatment.  I  am  sure 
that  every  man  is  interested  in  syphilis, 
and  I  am  equally  sure  that  those  who 
have  any  reason  to  suspect  the  possibil- 
ity of  disease  would  seek  information  if 
they  knew  where  to  find  it,  and  if  they 
were  certain  that  there  would  be  no 
publicity. 

In  conclusion  I  would  suggest  that  in 
routine  examination  more  attention  be 
paid  to  the  genitalia  for  scars  or  other 
evidence  of  infection;  to  pupillary  re- 
actions; to  absence  or  exaggeration  of 
deep  tendon  reflexes;  to  the  presence  of 
pigmented  scars  over  the  shins,  and  to 
the  Eomberg  test.  All  persons  present- 
ing deviation  from  normal  should  be 
carefully  questioned  and  examined,  and, 
if  necessary,  a  Wassermann  test  should 
be  made.  I  realize  that  there  may  be 
some  objection  to  the  additional  expense 
entailed  in  making  such  examinations. 
Up  to  May  1,  1921,  the  thirty-five  cases 


which  I  have  reported  have  cost  the 
company  over  $50,000  in  money  paid 
out,  and  how  much  more  indirectly  no 
one  knows.  We  must  not  overlook  the 
fact  that  at  this  stage  these  persons  are, 
for  the  most  part,  beyond  human  aid 
and  must  necessarily  go  do^vn  to  mental 
breakdoAvn  and  death,  and  that  nearly 
all  of  them  could  have  been  cured  had 
tlieir  condition  been  recognized  early. 
This  number  is  but  a  small  percentage 
of  the  cases  of  the  disease  prevailing 
in  our  service.  Had  we  been  able  to 
prevent  three  or  four  of  these  thirty- 
five  cases  from  going  on  to  complete 
disablement,  we  would  have  saved 
enough  money  to  cover  the  additional 
expense  of  the  proposed  examination. 

I  have  purposely  avoided  mention  of 
certain  interesting  problems,  chief 
among  which  are  those  regarding  treat- 
ment— namely,  the  sufficiency  of  treat- 
ment as  given  by  the  average  medical 
man,  and  the  provision  of  opportunity 
for  the  proper  treatment  of  persons  who 
are  unable  to  pay.  I  hope  that  some  so- 
lution of  these  problems  may  soon  be 
offered. 
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I.     Introduction 

OF  the  various  phenylenediamines, 
the  following  are  the  most  impor- 
tant for  a  study  of  their  pharmacologi- 
cal actions  and  toxicity  because  of  their 
extensive  use  in  science,  industry  and 
the  arts:  meta-phenylenediamine,  para- 
phenylenediamine,  and  the  dimethyl  and 
diethyl  derivatives  of  the  latter.  They 
are  used  as  reagents  in  the  manufacture 
of  dyes,  in  dyeing  furs  and  pelts,  and 
in  the  rubber  industry,  and  they  cause 
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a  peculiar,  specific  edema  of  the  head 
and  neck.  The  existing  pharmacologi- 
cal studies  are  incomplete  and  contra- 
dictory, and  deal  principally  with  para- 
phenylenediamine.  The  dimethyl  and 
diethyl  derivatives  of  para-phenylene- 
diamine  have  been  scarcely  studied  at 
all.  It  seemed  desirable,  therefore,  to 
repeat  and  extend  the  observations  on 
these  phenylenediamines.  Ortho-phen- 
ylenediamine  is  too  toxic  for  many  pur- 
poses and  has  not  been  included  in  the 
present  study.  Before  proceeding  to 
the  body  of  the  paper,  a  review  of  the 
literature  pertaining  to  the  uses,  toxici- 
ty, and  pharmacological  actions  of  the 
phenylenediamines  will  be  presented. 

II.       LiTEEATUEE 

Use  as  Reagents. — Formerly,  para- 
phenylenediamine  and  its  dimethyl  de- 
rivative, which  is  more  sensitive,  were 
used  by  the  older  biologists  (1)  as  re- 
agents for  the  detection  of  ozone  and 
peroxides  in  plant  juices  and  animal 
cells.  This  use  was  based  on  a  color 
change  wliich  these  compounds  undergo 
in  the  presence  of  oxygen  (O2),  namely, 
from  a  light  straw  or  no  color  to  blue 
or  violet.  This  change  is  rather  sensi- 
tive, and  on  the  strength  of  positive 
tests  it  was  claimed  that  plant  juices 
and  saliva  contained  peroxides.  Serum 
free  from  cells  fails  to  give  a  positive 
reaction.  A  positive  reaction  is  also 
unobtainable  after  treatment  ^vith  hy- 
drocyanic acid.    Presumably,  the  intra- 
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cellular  enzymes  (oxidases)  are  at  least 
in  part  concerned  in  this  reaction,  al- 
though the  exact  mechanism  of  action 
has  not  been  definitely  ascertained. 
According  to  Battelli  and  Stern  (2), 
blood  and  all  tissues  of  higher  animals 
possess  strong  oxidizing  powers  for 
para-phenylenediamine ;  the  oxidizing 
power  of  the  brain,  heart,  muscles,  kid- 
neys, and  liver  is  very  intense,  while 
that  of  the  pancreas,  spleen,  and  lungs 
is  very  weak.  It  is  claimed  by  these 
investigators  that  the  white  substance 
of  the  brain  is  more  active  than  the 
gray  substance.  The  power  of  oxida- 
tion of.  these  compounds  possessed  by 
the  tissues  of  many  animals  is  not  alto- 
gether lost  by  boiling  and  by  the  addi- 
tion of  mineral  acids. 

In  another  study  on  various  factors 
which  influence  the  oxidation  process, 
Battelli  and  Stern  (3)  conclude  that  the 
oxidation  of  para-phenylenediamine  by 
animal  tissues  takes  place  most  energet- 
ically in  the  presence  of  water,  and 
that  the  addition  of  or  treatment  with 
acid,  alkali,  concentrated  salt  solutions, 
acetone,  and  alcohol,  retards  or  inhibits 
the  reaction.  Muscle  heated  to  60° C. 
is  no  longer  able  to  oxidize  the  para 
compound.  Dimethyl-para-phenylene- 
diamine,  together  with  a-naphthol,  is 
used  as  a  reagent  by  histologists  to 
demonstrate  the  presence  of  oxidase 
granules  in  cells  (4).  The  responses 
with  different  cells  are  so  variable, 
however,  that  the  quantitative  feature 
of  the  reaction  appears  doubtful,  the 
differences  being  presumably  due  to 
-differences  in  permeability  of  cells  and 
carelessness  in  the  handling  of  speci- 
mens in  the  presence  of  atmospheric 
oxygen,  which  suffices  to  produce  the 
oxidative  change. 

Besides  their  use  as  reagents,  the 
phenylenediamines  are  used  chemically 


for  the  manufacture  of  indicators  and 
dyes,  such  as  chrysoidine,  Bismarck 
brown,  and  methylene  blue  (5). 

Poisoning  from  Hair  and  Fur  Dyes. 
— Under  the  name  of  ursol,  para-phen- 
ylenediamine is  used  extensively  for 
the  dyeing  of  furs  and  pelts.  It  is  also 
a  common  constituent  of  certain  hair 
dyes,  and  many  cases  of  poisoning  from 
such  hair  dyes  are  reported  in  the  lit- 
erature (6).  The  other  important  con- 
stituent of  this  class  of  hair  dyes  is 
iron  which,  when  mixed  with  para-phen- 
ylenediamine, gives  a  black  color.  Re- 
cently, Thompson  (7)  observed  the  fol- 
lowing symptoms  after  the  use  of  the 
French  hair  dye,  "goute  a  goute," 
which  contains  para-phenylenediamine: 
vertigo,  gastritis,  diplopia,  asthenia, 
and  exfoliative  dermatitis.  Knowles 
(8)  reports  similar  symptoms,  includ- 
ing dermatitis,  from  cosmetics  and 
wearing  apparel  (furs,  stockings,  etc.) 
containing  para  -  phenylenediamine. 

These  reports  agree  with  reports  of  the 
older  observers,  which  may  be  found  in 
works  on  toxicology  by  Kunkel,  Kobert, 
and  Brouardel  (6),  and  need  not  be 
detailed  here.  In  Germany,  according 
to  Gerdon  (9),  para-phenylenediamine, 
because  of  its  toxicity,  is  being  replaced 
in  cosmetics  by  the  non-toxic  aureol. 

The  commonest  afflictions  observed 
among  fur  and  hide  workers  exposed  to 
dyes  containing  para-phenylenedia- 
mine are  asthma  and  eczema.  The 
cause  of  the  asthma  has  given  rise  to 
considerable  speculation.  Gerdon (9) and 
Curschmann  (10)  attribute  the  asthma 
to  an  anaphylactic  reaction.  The  attacks 
occur  chiefly  during  the  stage  of  drying 
the  dyed  pelts  and  at  a  time  when 
they  are  treated  with  sand  and  pulled 
out  of  dye  containers.  These  manipula- 
tions are  accompanied  by  clouds  of  dust 
containing   para-phenylenediamine   and 
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its  oxidation  products,  which  the  work- 
ers   inhale.      Curschmann    claims    that 
fur-dye  workers  become  hypersensitive, 
and  become  ill  even  when  handling  the 
finished    products    (dyed   furs).      Both 
Gerdon    and    Curschmann    claim    that 
guinea-pigs,  which  have  been  injected 
with,    sermns    of    individuals    suffering 
from    ursol    poisoning,     respond    with 
severe    anaphylactic     symptoms    when 
they  are  reinjected  intravenously  and 
hypodermically     vnth     the      oxidation 
product,  quinonediimine,  and  also  when 
they  inhale  it.     Their  evidences  are  not 
convincing,    however,    since    it    is    now 
known     that     numerous     foreign     sub- 
stances of  diverse  nature  can  cause  ana- 
phylactoid symptoms,  but  not  true  ana- 
phylactic   shock.      On   the   contrary,   it 
appears    more    probable    that    the    re- 
sponses   in   human   individuals    and   in 
gi;inea-pigs  occur  directly  and  as  a  re- 
sult of  the  marked  irritant  properties 
of  para-phenylenediamine.     This  is  the 
view  of  Sartory  and  Rousseau  (11),  and 
is  supported  by  the  results  of  my  experi- 
ments.    On  the  basis  of  animal  experi- 
ments, Sartory  and  Rousseau  state  that 
the  oxidation  product,  quinonediimine, 
is   pharmacologically  inert  and  is   not 
responsible  for  the  irritant   effects   of 
hair    and    fur    dyes    containing    para- 
phenylenediamine.     In  support   of  the 
claim   that  ursol   exerts   a   direct   irri- 
tant effect  on  the  respiratory  passages, 
the  presence  of  pharyngitis  and  laryn- 
gitis reported  by  Ritter    (12)   may  be 
cited.      The  eczematous  appearance  of 
the  skin  can  be  explained  as  being  due 
to   a  dermatitis   resulting  from  direct 
irritation  by  the  dye  in  the  same  way 
as  dermatitis  of  the  scalp  occurs  from 
the  use  of  hair  dyes  discussed  above. 

Use  in  Rubber  Industry. — The  exten- 
sive use  of  various  amino  compounds, 
including  aniline  and  the  phenylenedia- 


mines,  as  accelerators  in  the  vulcaniza- 
tion of  rubber  has  been  known  for  some 
time(13)  (14)  (15).  The  following  phenyl- 
enediamines  are  reported  as  being  used 
for  this  purpose:  meta-phenylenedia- 
mine,  para-phenylenediamine,  and  di- 
methyl -  para  -  phenyl enediamine  ( 16 ) . 
I'oisoning  from  the  use  of  aniline  in  the 
rubber  and  other  industries  is  well 
Icnowai  (17) ;  from  our  knowledge  of 
poisoning  from  hair  dyes  and  in  the  fur 
industry,  the  same  result  might  be  ex- 
pected from  the  use  of  the  phenyl ene- 
diamines  in  the  rubber  industry.  It 
does  not  follow  from  this,  however,  that 
the  finished  rubber  product  is  toxic  or 
injurious  as  a  result  of  the  use  of  such 
accelerators,  since  it  is  claimed  that 
these  compounds  are  destroyed  during 
the  process  of  vulcanization.  On  the 
other  hand,  the  formation  of  new  prod- 
ucts just  as  toxic,  or  even  more  toxic, 
from  the  contact  of  rubber  and  such 
aniline-like  accelerators  is  possible. 

It  is  stated  in  the  Bulletin  of  the  Bu- 
reau of  Labor  Statistics  for  1915  (17) 
that  certain  aniline-like  compounds, 
when  heated  -with  rubber,  form  guani- 
dine,  a  strong  muscle-nerve  poison  which 
causes  increased  irritability,  convul- 
sions, and  other  symptoms.  Similar 
symptoms  have  been  recently  reported 
by  Stokes  and  Busman  (18)  and  Busman 
(19)  from  the  use  of  gum-rubber  tubing 
in  the  intravenous  injection  of  arsphen- 
araine  and  other  compounds.  Whether 
the  reactions  described  by  Stokes  and 
his  associates  are  due  to  the  presence 
of  the  aniline  type  of  accelerator,  or  to 
guanidine-like  products,  is  not  Icnown. 
According  to  some  manufacturers,  the 
rubber  tubing  intended  for  surgical 
purposes  is  not  vulcanized  with  the  aid 
of  the  aniline  and  phenylenediamine 
type  of  accelerators,  but  instead  of 
these,     hexamethyleneamine     is     used. 
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Nevertheless,  it  is  known  that  acceler- 
ators are  used  extensively,  and  if  any 
one  of  the  phenylenediamines  is  used 
in  the  vialcanization  of  surgical  rubber 
tubing,  it  is  potentially  toxic  and  its  use 
is  reprehensible.  It  will  be  shown  by 
the  results  of  my  work  that  the  phenyl- 
enediamines are  distinctly  toxic  in  very 
small  quantities  and  concentrations. 

Aside  from  the  acute  toxicities,  the 
phenylenediamines  and  products  of 
manufacture  requiring  their  use  may 
conceivably  give  rise  to  chronic  effects, 
such  as  chronic  pulmonary  and  skin 
diseases,  nephritis,  and  tumor  forma- 
tion. Nassauer  (20)  reported  the  occur- 
rence of  cancer  of  the  bladder  among 
workmen  in  the  organic  chemical  indus- 
try in  which  aniline  and  aniline-like 
compounds  are  used.  Workmen  may  be 
employed  for  sixteen  years  before 
symptoms  of  the  disease  appear.  On 
the  other  hand,  tumors  were  not  noted 
by  Nassauer  in  men  exposed  to  aniline- 
free  benzene  for  twenty  years.  It  is, 
therefore,  of  considerable  interest  and 
importance  to  ascertain  the  action  and 
toxicity  of  such  compounds  as  the  phen- 
ylenediamines, which  are  chemically 
closely  related  to  aniline. 

Pharmacology. — As  far  as  I  can  as- 
certain, the  physiological  effects  of  the 
phenylenediamines  were  first  studied  by 
Dubois  and  Vignon  in  1888  (21).  Their 
immediate  interest  in  these  compounds 
was  their  chemical  resemblance  to  leu- 
komains  and  ptoraains.  Although  Du- 
bois and  Vignon  reported  results  with 
the  para  and  meta  compounds,  there  is 
some  doubt  about  the  identity  of  their 
para  compound,  since  it  was  obtained 
from  ortho-nitraniline,  which  yields  or- 
tho-phenylenediamine.  There  is  prob- 
ably no  question  about  the  identity  of 
their      meta-phenylenediamine.         The 


symptoms  produced  in  dogs  by  the  in- 
jection of  0.1  gm.  per  kilo  of  the  para(  ?) 
compound  consisted  of  salivation,  vom- 
iting, diarrhea,  diuresis,  marked  ex- 
ophthalmos, coma,  and  death  within  two 
or  three  hours.  The  injection  of  0.1 
gm.  per  kilo  of  meta-phenylenediamine 
in  dogs  caused  symptoms  resembling 
those  of  influenza — namely,  continuous 
sneezing,  hoarse  cough  due  to  marked 
irritation  of  the  pharynx  and  the  glot- 
tis, marked  coryza,  increased  secretion 
of  mucus  and  urine,  and  finally  coma 
and  death.  At  autopsy  the  lungs  and 
abdominal  viscera  were  markedly  con- 
gested. 

The  sjTuptoms  of  respiratory  distress 
and  congestion  of  viscera  observed  by 
Dubois  and  Vignon  were  subsequently 
confirmed  by  Erdmann  and  Vahlen  (22) 
by  experiments  on  rabbits  and  dogs.  In 
addition,  Erdmann  and  Vahlen  showed 
that  the  administration  of  para-phenyl- 
enediamine  to  rabbits  caused  a  peculiar 
specific  edema  of  the  head  and  neck, 
with  marked  swelling  of  the  tongue, 
while  the  eyelids  and  tissues  of  the  or- 
bits gave  the  appearance  of  exophthal- 
mos. They  ascribed  the  edemas  to  the 
irritant  action  of  the  oxidation  product, 
quinonediimine.  According  to  these 
authors,  the  para-phenylenediamine  cir- 
culated through  the  body,  was  excreted 
on  the  surfaces  of  membranes,  and 
there  in  the  presence  of  atmospheric 
oxygen  was  converted  to  quinonedii- 
mine, which  in  turn  caused  irritation 
and,  consequently,  edema.  This  hypothe- 
sis, as  well  as  certain  results  of  Erd- 
mann and  Vahlen  with  quinonediimine, 
was  not  supported  by  the  totally  nega- 
tive results  of  Sartory  and  Eousseau 
(23)  with  the  oxidation  products  of 
para-phenylenediamine  in  dogs,  while 
the  unoxidized  compound  was  definitely 
toxic. 
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The  edema  observed  by  Meissner 
(24)  was  characterized  by  considerable 
maceration,  with  increased  viscosity 
and  fibrin  content  of  the  blood.  Neither 
section  of  peripheral  nerves  with  de- 
generation of  the  sympathetic  fibers  nor 
the  administration  of  reducing  agents 
or  of  preparations  of  glands  of  internal 
secretion  influenced  the  edema,  but  the 
administration  of  10  per  cent,  calcium 
chloride  inhibited  it,  and  atropine  com- 
pletely prevented  death  and  edema  of 
the  tongue  and  head.  Meissner  con- 
cluded, therefore,  that  the  mechanism 
of  action  was  peripheral  and  presum- 
ably located  in  the  muscles  themselves. 
The  blood  pressure  in  rabbits  remained 
unchanged,  but  the  respiration  in- 
creased during  the  edema.  The  dose  of 
para-phenylenediamine  by  mouth  neces- 
sary for  the  edema  action  was  0.4  g-m. 
per  kilo.  In  frogs  three  stages  of  action 
were  observed  by  Meissner.  In  the  be- 
ginning, the  action  was  characterized  by 
a  narcotic-like  paralysis.  Later,  con- 
vulsions of  medullary  origin  occurred; 
finally  permanent  muscular  stiffness 
occurred;  and  at  death  the  animals  ap- 
peared in  rigor.  The  isolated  heart  was 
not  markedly  influenced  by  para-phenyl- 
enediamine, while  the  blood  vessels  in 
excised  organs  were  constricted. 

In  a  recent  study  on  the  comparative 
toxicity  of  several  different  phenylene- 
diamines  and  their  derivatives,  Meiss- 
ner (25)  found  that  meta-phenylenedia- 
mine  and  dimethyl-para-phenylenedia- 
mine  did  not  cause  edema  in  rabbits,  and 
that  the  ortho  compound  did  so  only  in 
cats.  Biethyl-para-phenylenediamine 
produced  facial  and  neck  edema  in  rab- 
bits as  readily  as  para-phenylenedia- 
mine. Dimethyl-para-phenylenediamine 
was  fatal  in  very  small  dosage,  and  also 
caused  hemorrhagic  nephritis  in  rab- 
bits. 


In  their  experiments  %vith  meta-phen- 
ylenediamine  on  two  rabbits  and  one  rat, 
Hess  and  Miiller  (26)  observed  hydro- 
thorax  and  fluid  in  the  peritoneum,  but 
they  do  not  mention  edema  in  the  rab- 
bits. The  rat  showed  facial  edema  at 
the  end  of  ten  hours.  The  same  effects 
occurred  after  the  administration  of 
toluylenediamine  in  dogs  and  rabbits- — 
effects  which  Hess  and  Miiller  ascribed 
to  increased  filtration  due  to  increased 
permeability  of  the  capillaries  produced 
by  these  compounds  as  indicated  by  the 
increase  in  concentration  of  the  blood. 

Whatever  the  true  explanation  of  the 
peculiar  edema  may  be,  the  results  of 
my  experiments  indicate  that  it  is  a 
variable  phenomenon.  It  is  most  readi- 
ly induced  in  rabbits,  less  readily  in 
cats,  and  thus  far  never  in  rats  and 
guinea-pigs.  The  dosage  necessary  for 
the  production  of  the  edema,  the  charac- 
ter of  the  onset,  and  the  time  of  appear- 
ance of  the  edema  are  also  variable. 
These  points  will  be  discussed  later  in 
the  paper. 

According  to  Erdmann  and  Vahlen, 
the  dark  color  of  the  blood  after  the 
injection  of  para-phenylenediamine  in 
animals  is  not  due  to  methemoglobin. 
These  investigators  claim  that  there  is 
also  a  high  increase  in  the  ammonia 
content  of  the  blood. 

In  man,  the  effects  produced  by  para- 
phenylenediamine  are  analogous  to 
those  produced  in  animals,  the  symp- 
toms consisting  of  asthma,  eczema,  che- 
mosis,  gastric  irritation,  lachrymation, 
and  exophthalmos.  By  some  investiga- 
tors (S.  Frankel  (27),  and  Erdmann  and 
Vahlen  (22) )  these  effects  are  attributed 
to  irritation  by  the  oxidation  product, 
quinonediimine.  Pollak  (28)  thinks  that 
the  effects  are  due  to  para-phenylene- 
diamine. Others  (v.  Criegern  (29), 
Gerdon     (9),    Curschmann    (30),    and 
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Doerr  (30))  attribute  the  reaction 
to  a  true  anaphylaxis.  The  rea- 
sons for  believing  that  the  anaphy- 
lactic view  is  untenable  have  already 
been  stated  and  need  not  be  discussed 
here.  The  e\'idences  as  to  whether  quiu- 
onediimine  or  para-phenylenediamine  is 
responsible  are  conflicting.  The  litera- 
ture contains  no  data  regarding  the  ac- 
tions of  tlie  dimethyl  and  diethyl 
derivatives  upon  man. 

Medicinal  Uses. — Meta-phenyleuedia- 
mine  was  introduced  into  medicine,  un- 
der the  name  of  lentiu,  as  an  antidysen- 
teric  remedy  by  the  chemist,  Reidemeis- 
ter  (see  Unverrieht,  31),  on  the  now  ob- 
solete theory  that  Asiatic  cholera  was  a 
nitrite  poisoning  owing  to  the  nitrite 
producing  property  of  cholera  bacilli  in 
the  intestine.  According  to  this  view, 
meta-phenylenediamine  would  bind  the 
nitrite  with  which  it  combines  readily. 
Favorable  results  from  its  use  in  diar- 
rheas of  different  origin  were  reported 
by  Unverrieht  (31)  and  Boye  (32). 
Unverrieht  and  Boye  observed  a  brown 
coloration  of  the  urine  of  children  after 
doses  of  0.01  to  0.02  gm.  of  meta-phenyl- 
enediamine; and  of  the  urine  of  adults 
after  doses  of  0.1  gm.  three  times  daily. 
It  is  claimed  that  constipative  and  as- 
tringent actions  occurred  after  doses  of 
0.1  gm.  administered  to  children.  On  the 
other  hand,  in  animals,  diarrhea  occur- 
red— a  result  Avliich  might  be  expected 
considering  the  irritant  action  of  the 
agent.  Since  Boye  limited  the  diet  at 
the  same  time,  it  is  very  doubtful  how 
much,  if  any,  of  the  anti-diarrheal  ac- 
tion was  due  to  meta-phenylenediamine 
per  se. 

This  review  of  the  literature  indicates 
the  unsatisfactory  state  of  our  knowl- 
edge regarding  the  phenylenediamines. 
In  view  of  their  scientific  importance 
and  extensive  use  in  certain  industries, 
it  is  obvious  that  more  definite  knowl- 


edge of  their  toxicity  and  their  actions 
is  desirable.  The  following  report  deals 
with  a  description  of  the  compounds 
used,  their  comparative  toxicity,  and 
local  and  systemic  effects,  together  with 
a  brief  discussion  of  the  practical  appli- 
cation of  the  results. 

III.      Description    and    SoLtrBiLiTT    of 
Compounds  Studied 

Meta-Phenylenediamine  (Lentin).  — 
The  structural  formula  for  this  com 
pound  is 

Nil, 


It  is  a  pinkish  crystalline  solid  with  a 
melting  point  of  83°  C;  it  is  almost 
tasteless  and  odorless,  and  gives  from 
a  deep  reddish  to  a  brownish  color  with 
sodium  nitrite,  and  a  yellowish  color 
with  ferric  chloride. 

P  ara-Phenylenediamine. — The    struc- 
tural formula  of  this  compound  is 


/\ 


NH; 

It  is  a  dark  bro^ra,  or  nearly  black, 
crystalline  solid  with  a  melting  point  of 
140°  C;  it  possesses  a  slight  burning 
taste  and  odor.  With  sodium  nitrite  it 
gives  a  wine-red  color,  and  with  ferric 
chloride  first  a  yellowish,  then  a  green- 
ish to  a  brownish-black  color. 

Dimethyl-Pura-Phenylenediamine. — 
The  structural  formula  for  this  com- 
pound is 
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NH. 


Vc 


.     .CH, 
N/ 
\ 
CH, 

When  freshly  prepared  it  is  a  nearly 
colorless  or  liglit  yellowish  liquid  with 
a  strong,  pungent  odor  suggestive  of 
garlic,  and  very  irritating.  It  possesses 
a  burning,  disagreeable  taste.  The  melt- 
ing point  of  fresh  crystals  is  40°  C. ; 
the  boiling  point  of  the  liquid  is  262"  C. 
After  standing  for  a  few  hours,  it  be- 
comes black  and  tarry,  and  gradually 
deposits  black  crystals.  It  gives  a  dark 
greenish  (nearly  black)  color  with  so- 
dium nitrite,  and  a  reddish  color  with 
ferric  chloride.  In  the  presence  of 
ferric  chloride  and  hydrogen  sulphide 
it  forms  methylene  blue. 

Diethyl  -  Para  -  Pheiiylenediamine.  — 
The    structural   formula    of   this   com- 
pound is  NH, 
/\ 


VcH 

N/ 

\ 
C.H, 

It  is  very  unstable  at  ordinary  room 
temperature,  but  more  stable  when  dis- 
solved in  benzene.  In  this  form  and  in 
its  natural  state  it  is  a  black,  tarry 
liquid  with  a  pungent  odor  which  is  less 
intense  and  less  disagreeable  than  that 
of  the  dimethyl  compound;  its  boiling 
point  is  260°  C.  It  gives  a  reddish 
color  with  ferric  chloride. 

The  behavior  of  the  different  phenyl- 
enediamiues  toward  different  solvents 
was  ascertained  by  adding  0.1  gm.  or 
0.1  c.c.  of  each  compound  to  10  c.c.  of 
the  solvent.  The  different  compound.s 
behaved  in  about  the  same  way  and  may 
be     described     together.       The     bases 


themselves  are  only  slightly  soluble  in 
water,  but  freely  soluble  in  such  lipoid 
solvents  as  95  per  cent,  alcohol,  cotton- 
seed oil,  ether,  and  turpentine.  They 
are  practically  insoluble  (forming  pre- 
cipitates) in  gasoline,  kerosene,  liquid 
petrolatum,  and  glycerine.  The  reac- 
tion of  the  watery  solutions  is  alkaline. 
When  treated  with  acids  (hydrochloric 
and  acetic),  all  of  the  bases  form  salts, 
which  are  readily  soluble  in  water  and 
possess  an  acid  reaction.  The  aqueous 
solutions  of  the  basic  compounds  are 
colored  slightly  pink  to  orange-yeUow 
with  meta-phenylenediamine,  brown 
with  para-phenylenediamine,  and  pur- 
plish-red or  violet  with  the  diethyl  and 
dimethyl  derivatives  of  para-phenyl- 
enediamine. The  addition  of  acid  inten- 
sifies and  brightens  the  colors.  On  the 
other  hand,  the  lipoid  solutions  possess 
a  yellowish  to  brownish-black  color. 

The  color  of  the  aqueous  solutions  is 
due  to  the  presence  of  the  oxidation 
product,  quinonediimine,  which  is 
formed  immediately  on  exposure  of  the 
bases  to  atmospheric  oxygen.  The 
structural  formula  of  the  quinonedii- 
mine derived  from  para-phenylenedia- 
mine is 


•-<_> 


that   from    the    dimethyl   derivative    is 
said  to  possess  the  following  formula 

XH  NH 


^■- V 


CH, 

>■ 

CH, 


K 


CH, 


It  occurs  as  a  dark  polymerization  prod- 
uct, a  corresponding  product  being  also 
obtained  from  the  diethyl  derivative. 
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The  results  with  the  different  sol- 
vents indicate  that  the  bases,  being 
lipoid  soluble,  might  be  readily  ab- 
sorbed from  the  skin  and  cause  local 
irritation,  while  the  salts  would  be 
practically  non-irritant  and  non-ab- 
sorbable.  This  was  found  to  be  the 
•case.  Furthermore,  it  is  indicated  that 
Alcohol  and  cotton-seed  oil  might  be 
useful  for  the  removal  of  these  com 
pounds  from  the  skin,  in  the  treatment 
of  irritation,  etc.  Gasoline,  kerosene, 
petrolatum,  and  glycerine,  on  the  other 
hand,  would  be  ineffective. 

IV.    Pharmacological  Actions 

1.     Fatal  Dosage  and  Comparative 
Toxicity 

The  minimal  fatal  doses  of  the  differ- 
ent phenylenediamines  were  determined 
for  rabbits,  white  rats,  guinea-pigs, 
cats,  and  dogs.  The  compounds  were 
used  in  the  form  of  bases  and  salts, 
with  and  without  solvents,  depending 
upon  the  method  of  administration.  The 
hypodermic,  intravenous,  and  gastric 
administrations  were  made  with  aque- 
ous solutions  of  different  strengths. 
For  gastric  administrations  a  stomach 
tube  was  used,  and  the  dose  was  washed 
■down  with  a  little  water  in  order  to  re- 
move the  last  traces  of  the  solution.  The 
methods  used  for  studying  dermal  and 
vapor  toxicities  will  be  described  sepa- 
rately. The  results  that  were  obtained 
are  presented  in  Table  1. 

Para-Phenylenediamine.  —  When  ad- 
ministered subcutaneously,  the  minimal 
fatal  dose  of  para-phenylenediamine  for 
white  rats  was  found  to  be  0.17  gm.,  and 
for  rabbits  0.2  gm.  per  Mlo.  On  tlie 
other  hand,  the  fatal  dose  by  stomai'ih 
for  a  cat  was  less  than  one-half  that  for 
rabbits — namely,  0.1  gm.  per  kilo.  The 
fatal  dosage  bv  intravenous  administra- 


tion was  found  to  be  rather  variable  in 
the  few  dogs  that  were  used.  Further 
sacrifice  of  animals  in  order  to  deter- 
mine the  fatal  dosage  by  intravenous 
injection  of  this  and  other  compounds 
was  deemed  unwarranted.  The  deii- 
nitely  effective  dose  of  para-phenylene- 
diamine administered  intravenously 
was  about  0.017  gm.  per  kilo. 

Bimethyl-Para-Phenylenediamine.  — 
The  minimal  fatal  dose  by  hypodermic 
administration  for  white  rats  was  0.05 
gm.,  for  rabbits  0.06  gm.,  and  for 
guinea-pigs  0.1  gm.  per  kilo.  Gastric 
administration  to  rabbits  required  0.15 
gm.  per  kilo  to  cause  death,  and  one  cat 
required  only  0.02  gm.  per  kilo. 

These  results  are  in  accord  with  the 
findings  in  regard  to  para-phenylenedi- 
amine— namely,  that  cats  are  more  sus- 
ceptible to  these  poisons  than  are 
rodents. 

Intravenously  administered,  the  mini- 
mal fatal  dose  for  dogs  was  about  0.051 
gm.  per  kilo,  the  lowest  effective  dose 
being  about  0.003  gm.  per  kilo.  The 
results  with  the  different  species  are 
variable,  l)ut,  on  the  whole,  they  indicate 
that  para-phenylenediamine  is  much 
less  toxic  (roughly  one-third  to  one- 
half)  than  its  dimethyl  derivative. 

Diethyl -Para-Phenylenediamine. — As 
indicated  by  the  results  in  Table  1,  this 
compound  appears  to  be  of  about  the 
same  toxicity  as  para-phenylenedia- 
mine, but  it  is  decidedly  less  toxic  than 
the  dimethyl  derivative.  The  minimal 
fatal  dose  by  hypodermic  administra- 
tion for  white  rats  was  0.1  gm.,  for 
rabbits  0.25  gm.,  and  for  guinea-pigs 
0.2  g-m.  per  kilo.  When  administered 
intragastrically  to  rabbits,  the  fatal 
dose  was  0.45  gm.  per  kilo,  and  in  one 
cat  0.3  gm.  per  kilo.  These  results  again 
indicate  the  greater  susceptibility  of 
cats  than  of  rodents  to  these  poisons. 
Administered   intravenously,   tho   mini- 
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mal  fatal  dose  for  dogs  was  0.07  gTQ. 
per  kilo  ■ —  a  larger  dose  than  was 
required  of  dimethyl-para-phenylenedi- 
amine  (0.051  g-m.  per  kilo).  The  results 
indicate  considerable  variability  in  the 
response  of  different  species,  white 
rats,  on  the  whole,  being  the  most  sus- 
ceptible, cats  and  rabbits  next  in  order, 
and  g-uinea-pigs  the  least  susceptible. 

Meta-Phenyle  IIP  diamine.  —  The  mini- 
mal fatal  dose  for  white  rats,  when  ad- 
ministered hypodermically,  was  0.08 
gm.,  and  for  rabbits  0.2  gm.  per  kilo. 
According  to  these  results,  the  meta 
compound  is  once  again  as  toxic  as  the 
para  compound  for  white  rats,  and 
about  equally  as  toxic  as  the  para  com- 
pound for  rabbits.  On  the  other  hand, 
the  results  with  gastric  administration 
indicate  that  the  meta  compound  is  less 
toxic  than  the  para  compound.  That  is, 
rabbits  required  0.3  gm.,  and  each  of 
two  cats  also  required  0.3  gm.  per  kilo 
to  cause  death.  These  results  agree 
with  those  of  previous  investigators 
using  the  same  method,  and  tend  to 
demonstrate  that  meta-phenylenedia- 
mine  is  less  toxic  than  para-phenylene- 
diamine.  When  administered  intrave- 
nously to  dogs,  the  definitely  effective 
dose  for  the  circulation  was  0.017  gm. 
per  kilo,  the  lowest  effective  dose  ob- 
served being  0.006  gm.  per  Idlo. 

Toxicity  from  Skin. — This  was  deter- 
mined by  direct  application  of  definite 
quantities  of  the  different  compounds 
themselves  (in  basic  form)  to  the 
shaved  skin  of  rabbits.  Twenty-five 
square  centimeters  of  sMn  were  used 
and  a  single  application  was  made  on 
each  animal.  After  the  skin  had  been 
shaved,  it  was  washed  with  water  in 
order  to  remove  the  excess  of  soap,  and 
the  application  \vas  made  to  an  unin- 
jured area.  The  animals  were  fastened 
to  boards  until  symptoms  developed; 
then  thev  Averc  untied  and  removed  to 


cages  for  further  observation.  Meta- 
Ijhenylenediamine  and  para-phenylene- 
diamine  were  used  in  dry  form  and  in, 
strong  alcoholic  solution.  The  effects 
of  the  strongest  (10  per  cent.)  alcoholic 
solutions  were  not  fatal,  consisting  only 
of  moderate  erythema.  These  com- 
pounds can,  therefore,  be  regarded  as 
practically  non-toxic  when  applied  lo- 
cally, except  for  the  mild  dermatitis 
which  they  produce.  The  result  might 
be  quite  different  mth  repeated  appli- 
cations upon  the  same  area- — as,  for 
instance,  in  chronic  intoxication  from 
hair  dyes  and  in  the  dyeing  of  furs — or 
when  applied  to  injured  skin.  The  un- 
limited possibilities  of  producing  in- 
toxications of  this  kind  were  not 
feasible  for  testing  under  the  conditions 
of  the  investigation. 

On  the  other  hand,  the  dimethyl  and 
diethyl  derivatives  of  para-'phenylenedi- 
amine  were  decidedly  toxic,  causing 
death  from  the  application  of  very 
small  quantities  in  from  fifty  minutes 
to  three  hours.  Definite  quantities  of 
the  compounds  measured  with  a  pipette 
graduated  to  0.005  c.c.  were  spread 
evenly  over  25  sq.  cm.  of  the  shaved  and 
uncovered  skin  in  the  same  way  as  were 
the  meta  and  para  compounds.  The 
local  and  systemic  effects  will  be  de- 
scribed later.  With  dimethyl-para- 
phenylenediamine  the  minimal  fatal 
dose  was  0.0024  c.c,  and  with  diethyl- 
para-phenylenediamine,  0.005  c.c.  per 
square  centimeter  per  kilo  of  body- 
weight,  indicating  that  the  diethyl 
compound  is  only  about  half  as  toxic  as 
the  dimethyl  compound.  Dogs  were 
found  to  be  less  suitable  for  experi- 
ments of  this  sort.  The  fatal  doses  of 
the  two  compounds  for  rabbits  were  ap- 
plied in  the  same  way  on  two  dogs. 
Both  compounds  caused  considerable 
erythema  and  urticarial  rash;  in  addi- 
tion,   the    dimethyl    compound    caused 
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marked  swelling  of  the  sldn.  The  ani- 
mal receiving  the  dimethyl  compound 
(0.84  c.c.  on  200  sq.  cm.  of  skin)  was 
found  dead  the  following  morning  (at 
the  end  of  twenty  hours).  Assuming  that 
the  skin  absorption  in  man  and  rabbits 


of  an  organ  (mucosae  and  serous  sur- 
faces are  not  referred  to  here),  cause 
typical  sjmiptoms  of  systemic  poisoning 
like  the  dimethyl  and  diethyl  deriva- 
tives of  para-phenylenediamine.  In 
this     sense,     these     phenylenediamines 


TABLE  1.— MINIMAL  FATAL  DOSES  OF  SOME  PHENTLENEDIAMINESi 


ira-Phenylene- 
diamine 


Diethyl-Para-Phenyl 
enediamine 


Dlmethyl-Para- 
Phenylenediamine 


Meta-Pheuyl- 
enediamine 


Suicutaneously 


White  rat 

0.17   (10) 

0.10  (15) 

0.05    (14) 

0.08    (11) 

Rabbit 

0.20   (3) 

0.25  (12) 

0.06    (12) 

0.20    (2) 

Guinea-pig 

0.20    (9) 

0.1      (3) 

Jntragastricalhj 


Rabbit 
CJat 


0.25   (7) 

0.45    (6) 

0.15    (4) 

0.3     (4) 

0.10   (1) 

0.30    (1) 

0.02    (1) 

0.3     (2) 

Intravenously 


Dog 

0.017  gm.    (3) 

0.07    (3) 

0.051    (8) 

0.017    (3) 

definitely 

just  effective= 

just   effective= 

definitely 

effective 

0.005  per  kg. 

0.003  per  kg. 

effective 

Vapor 


White  rat 

none 

no  effects   (5) 

1 :500,000 
survived 

(5) 

-    - 

Gvilnea-pig 

none 

no  effects    (3) 

1:7,000.0001 
1 :5,000.000  \ 
1 :4,200,000 1 

(3) 

Rabbit 

none 

no  effects    (1) 

1 :2,000,000 

•  1) 

-    - 

Rabbit 


Dog 


none  (3) 


0.005  c.c.  i)er  sq. 

era.  ijer  kilo 

(10) 

0.004  c.c.  per  sq.  cm 

per  kilo 

not   fatal    (1) 


0.0024  c.c.  per 
sq.  cm.  per  kUo 

(13) 

0.004  c.c.  per  sq. 
cm.  per  kilo  (1) 


none  (3) 


*  Figures  outside   of  parentheses  represent  ^ams  per   kilo ;    tliost 


parentheses,   number  of  animals   used. 


is  about  the  same,  the  fatal  dose  for  an 
adult  of  60  kilos  body-weight  would  be 
about  3.6  c.c.  for  25  sq.  cm.  of  skin  area, 
or  the  equivalent  of  about  one  teaspoon- 
ful  of  dimethyl-para-phenylenediamine 
on  the  palm  of  the  hand.  With  the  ex- 
ception of  acetylcholin,  there  are  no 
other  poisons,  as  far  as  I  know,  which, 
when  applied  to  the  unbroken  surface 


may  be  regarded  as  unique  and  very 
efficient  poisons,  since  they  cause 
symptoms  and  even  death  from  applica- 
tion to  unbroken  sldn.  Acetylcholin  was 
found  by  Hunt  (33)  to  cause  a  fall  of 
blood  pressure  when  applied  to  more 
favorable  locations — namely,  the  sur- 
faces of  trachea,  liver,  and  skeletal 
muscles. 
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Vapor  Toxicity. — This  is  of  interest 
in  connection  with  the  industrial  uses 
of  phenylenediamines,  especially  of  di- 
methyl-para-phenylenediamine  which  is 
rather  volatile.  Preliminary  trials  "svith 
the  dimethyl  and  diethyl  derivatives  of 
para-phenylenediamine  indicated  that 
the  saturated  vapors  of  the  dimethyl 
derivative  were  distinctly  toxic,  being 
fatal  to  white  rats  under  a  bell-jar.  The 
vapors  of  the  diethyl  derivative  pro- 
duced no  symptoms  whatever.  The  para 
and  meta  compounds  are  non-volatile  at 
ordinary  room  temperature  and  at  38° 
C.  The  quantitative  study  of  vapor 
toxicity  was  limited,  therefore,  to 
dimethyl-para-phenylenediamine.  The 
method  used  was  practically  the  same 
as  that  used  for  the  study  of  irritant 
war  "gases"  previously  described  (34). 

The  animals  were  placed  in  a  5-liter, 
wide-mouthed  bottle  lying  on  its  side 
and  having  an  inlet  and  outlet  for  the 
toxic  vapors.  The  inlet  was  connected 
by  glass  and  rubber  tubing  to  a  bubbler 
containing  the  compound  and  immersed 
in  a  water  bath  at  constant  tempera- 
ture. The  bubbler,  in  turn,  was  joined 
to  a  flow-meter  through  which  air  was 
blown  by  means  of  an  ordinary  motor 
and  blower.  By  varying  the  tempera- 
ture around  the  bubbler  and  the  volume 
of  air  passing  through  it,  it  was  possible 
to  vary  the  concentration  of  vapors  of 
the  compound.  The  nominal  vapor  con- 
centration of  the  compound  to  wliich  the 
animal  was  exposed  was  obtained  by 
dividing  the  loss  of  weight  of  the  bub- 
bler by  the  volume  of  air  which  passed 
through  it.  A  verification  of  the  nomi- 
nal vapor  concentration  by  chemical 
analysis  was  not  deemed  necessary  for 
my  purposes.  The  figures  which  follow 
refer  to  nominal  concentrations  only. 

Considerable  variation  in  the  re- 
sponse of  different  species  to  the  vapors 
was  found,  aud  this  is  in  general  agree- 


ment with  the  variations  in  toxicity  ob- 
served after  gastric  and  subcutaneous 
administration  of  the  compound.  White 
rats  just  survived  concentrations  of 
1 :500,000 ;  higher  concentrations  were 
fatal.  Rabbits  required  much  lower 
concentrations  (1:2,000,000)  and  guin- 
ea-pigs were  killed  by  still  lower  con- 
centrations (1:7,000,000  to  1:4,200,000). 
The  symptoms  consisted  of  restlessness, 
dyspnea,  com-iilsions,  and  death.  The 
animals  wiped  their  nostrils  and  licked 
their  chops,  thus  indicating  local  irrita- 
tion by  the  poison,  but  no  increase  in 
salivation  or  frothy  fluid  indicative  of 
pulmonary  edema  was  evident.  The 
symptoms  presumably  occurred  as  a 
result  of  alveolar  absorption  of  the  com- 
pound itself,  and  were  identical  with 
those  from  other  methods  of  adminis- 
tration. 

Comparative  Toxicity. — Owing  to  the 
marked  variations  that  were  encoun- 
tered in  different  species  and  sometimes 
in  the  same  species,  an  accurate  com- 
parison, according  to  the  minimal  fatal 
dosage  of  the  different  compounds,  is 
difficult.  In  connection  with  the  dis- 
cussion of  the  toxicity  of  the  individual 
compounds,  comparisons  were  made  in 
this  way  in  a  few  instances.  These 
comparisons  and  the  results  given  in 
Table  1  indicate  that  dimethyl-para- 
phenylenediamine  is  the  most  toxic  of 
all  the  compounds  studied.  This  is  true 
when  it  is  administered  hypodermically, 
gastrically,  dermally,  and  through  the 
lungs.  It  is,  roughly  speaking,  about 
two  to  three  times  as  toxic  as  diethyl- 
para-phenylenediamine  and  para-phen- 
ylenediamine when  administered  hypo- 
dermically and  gastrically.  Diethyl- 
para-phenylenediamine  appears  to  be 
no  more  toxic  than  para-phenylene- 
diamine, and  meta-phenylenediamine 
does  not  differ  markedly  in  its  toxicity 
from   tlie   para   compound,   being   only 
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slightly  less  toxic  when  admiiiistered 
gastrically,  and  somewhat  more  toxic 
for  rats  when  injected  hypodermically. 
None  of  these  compounds  produced  fa- 
tal effects  when  applied  to  the  skin, 
and  diethyl-ijara-phenylenediamine  was 
not  toxic  in  vapor  form.  There  is  no 
question,  therefore,  that  dimethyl-para- 
phenylenediamine  is  the  most  toxic  of 
the  compounds  that  were  studied.  This 
marked  toxicity  is  due  in  part  to  its 
volatility  and  lipoid  solubility,  and  in 
part  to  the  methyl  groups  which  it  con- 
tains. 

Acciirate  comparisons  with  the  re- 
sults of  previous  investigators  are  im- 
possible because  the  objects  of  their 
experiments  were  different  and  their 
results  were  also  variable.  Their  ex- 
periments were  usually  aimed  at  the 
reproduction  of  symptoms  observed  in 
human  individuals  from  the  use  of  hair 
dj'es  or  exposure  to  dyes  in  the  fur 
industry,  and  at  the  reproduction  of 
edema  in  animals.  For  instance,  the 
results  of  Meissner  indicate  that  0.074 
gm.  per  kilo  of  para-phenylenediamine 
was  fatal  to  a  cat;  that  0.082  gm.  per 
kilo  of  the  diethyl  derivative  was  not 
fatal.  The  results  of  Erdmann  and 
Vahlen  are  similarly  irregular.  These 
authors  used  from  0.04  to  0.4  gm. 
per  kilo  of  the  para  compound  to  pro- 
duce edema  in  rabbits,  and  it  is  not  re- 
corded whether  the  administrations 
were  fatal.  In  dogs,  hypodermic  ad- 
ministration of  0.022  g-m.  per  kilo 
caused  marked  symptoms,  intravenous 
administration  of  0.033  gm.  per  kilo 
gave  no  effects,  and  gastric  administra- 
tion of  0.05  gm.  per  kilo  caused  very 
marked  symptoms.  Obviously  the  fatal 
dosage  and  limits  of  toxicity  cannot  be 
accurately  determined  in  this  way.  The 
results  presented  in  this  section  give, 
therefore,  a  more  definite  idea  of  the 


toxicity  of  the  phenylenediamines  than 
was  previously  obtainable. 

2.    Local  Effects 

A  study  was  made  of  the  effects  of 
the  different  phenylenediamines  on  the 
skin  of  rabbits  and  on  human  skin.  The 
skin  was  previously  shaved,  washed 
with  soap  and  water,  and  dried.  The 
compounds  were  then  applied  directly 
to  the  uninjured  areas  of  about  25  sq. 
em.  of  rabbit's  skin,  and  of  1  to  5  sq. 
cm.  of  Imman  skin.  The  skins  were  left 
uncovered.  The  animals  were  tied  to 
boards  for  varying  periods  of  time  dur- 
ing the  observation  of  the  acute  effects, 
and  w^ere  observed  daily  thereafter  in 
their  cages  until  the  lesions  disap- 
peared. "\\nien  symptoms  of  systemic 
toxicity  appeared,  the  animals  were 
untied  and  replaced  in  their  cages. 

The  application  of  meta-phenylene- 
diamine  and  para-phenylenediamine  in 
dry  basic  form  rubbed  into  the  skin  had 
no  effect.  Ten  per  cent,  alcoholic  solu- 
tions of  these  compounds  produced  only 
a  mild  erythema  on  rabbit's  skin,  and 
a  slight  burning  and  itching  sensation 
on  liuman  skin.  In  some  individuals  no 
effects  whatsoever  could  be  demonstrat- 
ed. Different  results  might  be  obtained 
with  continued  applications  over  long 
periods  of  time,  as  in  chronic  poisoning, 
or  with  applications  on  injured  skin. 
Sand-papered  areas  or  injuries  on  rab- 
bit's skin  from  shaving  responded  Avith 
more  redness  and  more  pronounced  urti- 
caria, but  no  blisters,  nor  lasting  effects 
were  produced.  There  were  also  no 
demonstrable  symptoms  of  systemic 
toxicity  with  the  meta  and  para  com- 
pounds when  applied  in  this  way.  It 
was  concluded,  therefore,  that  these 
compounds  are  relatively  non-toxic  and 
non-irritant  for  rabbit's  skin.     This  is 
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probably  also  true  for  human  skin,  as 
far  as  acute  dermatitis  and  toxicity  are 
concerned.  There  were  no  prospects  of 
securing  adequate  material  for  proper 
study  of  chronic  poisoning,  however, 
and  further  study  with  these  compounds 
was,  therefore,  abandoned. 

On  the  other  hand,  the  dimethyl  and 
diethyl  derivatives  of  para-phenylene- 
diamine  were  found  to  be  very  irritating 
and  toxic  when  applied  to  healthy  skin. 
The  effects  of  these  two  compounds  dif- 
fered quantitatively,  but  were  the  same 
qualitatively.  They  may,  therefore,  be 
described  together. 

Rabbit's  S  I-  i  ». — Dimethyl-para- 
phenylenediamine  in  different  quanti- 
ties, ranging  from  0.0001  c.c.  to  0.0062 
c.c.  per  square  centimeter  of  skin  per 
kilo  of  body-weight,  was  applied  to  the 
skins  of  twelve  rabbits,  and  diethyl- 
para  -  phenylenediamine  in  quantities 
ranging  from  0.0018  c.c.  to  0.006  c.c.  per 
square  centimeter  of  skin  per  kilo  was 
applied  to  the  skins  of  ten  rabbits.  The 
results  were  uniform  throughout,  being 
more  pronounced  with  the  higher  than 
with  the  smaller  quantities.  The  follow- 
ing protocol  will  give  some  idea  of  the 
results  that  were  obtained. 


Protocol. — Rabbit.     2.3  kg. 

Before  Experiment.  —  Respiration,  60 ; 
pulse.  200:  temperature,  39°   C. 

2:10. — 0.2  c.c.  of  dimethyl-para-phenylene- 
diamine  applied  to  25  sq.  cm.  of  skin. 

3:15. — Struggling. 

2:18. — Beginning  wheal  formation :  skin 
raised.     Occasionally  struggling. 

2:23. — Marked  tremor  followed  by  con\nil- 
sions,  chiefly  in  the  extremities ;  pupils 
dilated.  Respiration,  246;  pulse,  228.  Mu- 
cosae, cyanotic ;  tongue,  blue. 

2:33.- — ^Marked.  continuous  bilateral  con- 
vulsions throughout  the  body;  cyanosis;  pu- 
l)ils  dilated;  loud  wheezing.  Marked  wheal 
covering  entire  area  of  application.  Respira- 
tion, 198. 

2:40. — ]\Iarked  frothing  of  saliva;  pupils 
widely  dilated;  wheezing:  convulsions.  Pulse 
full  and  slow.  120;  temperature,  39.8°  C. 


3:14. — Animal  lying  on  side;  died  while 
pulse  was  being  taken.  Pulse,  180 ;  tem- 
perature, 38.5°  C.  Respiration  stopped  be- 
fore heart.    Marked  cyanosis;  pupils  dilated. 

Axdopsy.  —  The  only  important  changes 
noted  were :  discoloration  of  the  skin  at  the 
site  of  application  of  poison ;  underlying  tis- 
sue very  gelatinous ;  some  discoloration  of 
fascia  and  muscle  underneath.  The  blood 
was  verj-  dark,  with  a  tinge  of  brown.  Spec- 
troscopic examination  showed  the  presence 
of  reducible  oxyhemoglobin  by  ammonium 
sulphide  ((NH^)2S).  Marked  cyanosis  of  all 
viscera. 

Both  compounds  caused  marked  dis- 
coloration of  the  skin  and  underlying 
tissues,  the  areas  appearing  from  a 
light  blue  to  black  according  to  the 
quantity  of  the  compound  used.  In 
from  fifteen  to  thirty  minutes  there  was 
considerable  rash  and  wheal  formation 
with  spreading  swelling,  the  painted 
area  being  sharply  raised  above  the  sur- 
rounding skin.  At  the  end  of  two  to 
three  hours,  the  entire  area  to  which 
the  compounds  were  applied  was  uni- 
formly swollen,  prominent,  pouchy,  and 
soft,  rising  to  a  height  of  2  to  3  cm. 
The  swellings  were  movable  and  ap- 
peared to  be  limited  to  the  skin.  There 
was  no  coagulation  or  erosion  of  tissue. 
The  local  swellings  persisted  for  vari- 
able lengths  of  time  in  different  ani- 
mals, and  did  not  seem  to  be  altogether 
dependent  upon  the  dosage,  although 
the  larger  quantities  tended  to  produce 
more  pronounced  and  more  lasting 
swellings.  As  the  highest  doses  killed 
the  animals,  the  relation  of  the  dosage 
to  the  degree  of  effect  was  difficult  to 
establish.  With  some  animals  the  le- 
sions remained  several  weeks  (from 
four  to  six) ;  with  others,  from  twelve 
to  fourteen  days.  As  a  rule,  the  skins 
healed  completely,  leaving  only  a  dried, 
dark  area  at  the  site  of  application,  and 
this  eventually  desquamated.  There 
were  no  infections  and  suppurations. 

The  systemic  symptoms  which  accom- 
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panied  the  local  effects  were  rather 
marked.  After  the  initial  symptoms  of 
local  irritation,  the  animals  remained 
quiet  for  about  ten  to  fifteen  minutes. 
Then  the  respiration  and  the  pulse 
gradually  became  accelerated;  there 
were  increased  reflex  excitability, 
marked  struggling,  cyanosis,  and,  final- 
ly, convulsions  of  the  medullary  and 
spinal  types.  With  the  smaller  doses 
of  the  dimethyl  derivative  (about  0.001 
c.c.  per  square  centimeter  per  kilo)  in- 
creased reflex  excitability  and  only  one 
or  two  convulsions  occurred,  but  with 
the  higher  doses  (0.005  to  0.006  c.c.  per 
square  centimeter  per  kilo)  the  convul- 
sions were  continuous,  and  death  oc- 
curred in  from  fifty  minutes  to  two 
hours  after  the  application  of  the  agent. 
These  symptoms  were  similar  to  those 
following  hypodermic  administration  of 
both  derivatives,  and  were  due  to  the 
agents  themselves.  At  autopsy  the 
only  important  changes  observed  con- 
sisted of  marked  cyanosis  of  all  viscera ; 
rather  pronounced  intestinal  peristal- 
sis, and  a  marked  discoloration  at  the 
site  of  application,  extending  through 
the  subcutaneous  fat  to  the  aponeurosis 
of  the  recti  muscles.  The  skin  at  the 
site  of  application  was  markedly  edema- 
tous, being  very  gelatinous,  soft,  and 
macerated.  As  a  rule  there  was  very 
little  surface  extension  of  the  dark  dis- 
coloration beyond  the  area  of  applica- 
tion. The  blood  of  some  animals  ap- 
peared brownish,  and  that  of  others 
was  very  dark.  Definite  proof  of  the 
existence  of  methemoglobin  by  the  usual 
spectroscopic  tests  was  not  obtained, 
however.  The  dark  color  of  the  blood 
was  complicated  by  the  presence  of  the 
compounds  themselves,  which  become 
nearly  black  on  contact  with  tissues. 
It  was  difficult,  therefore,  to  ascertain 
how  much  of  the  dark  color  of  the  cya- 
notic blood  was  the  result  of  ordinary 


asphyxia,  and  how  much  was  due  to  the 
compound.  In  dogs  injected  with  these 
compounds  and  receiving  artificial  res- 
piration, the  blood  also  remained  very 
dark. 

H  It  man  Ski  n.—T  h  e  effects  of 
dimethyl-para-phenylenediamine  and 
diethyl-para-phenylenediamine  were  ob- 
served on  six  subjects.  The  quantities 
of  the  dimethyl  derivative  used  ranged 
from  0.001  c.c.  to  0.005  c.c.  per  square 
centimeter  of  skin;  the  quantities  of  the 
diethyl  derivative,  from  0.005  c.c.  to  0.02 
c.c.  The  effects  were  more  pronounced 
with  the  larger  quantities. 

The  effects  following  the  application 
of  dimethyl-para-phenylenediamine  con- 
sisted of  local  heat,  tenderness,  erythe- 
ma, maculopapular  rash  with  quantities 
of  0.001  c.c,  and  blisters  with  the  larger 
quantities.  The  effects  appeared  in 
from  fifteen  to  thirty  minutes,  and 
spread  to  about  six  times  the  original 
area  of  application.  Itching  at  this 
time  was  rather  marked.  On  the  second 
or  third  day  there  were  hemorrhages 
and  changes  in  blood  pigment  in  the 
deeper  layers  of  the  skin.  From  the 
third  day  on,  the  lesions  were  quiescent 
and  seemed  to  be  healing;  they  appeared 
completely  healed  about  the  eighth  day. 
On  the  eighth  day,  however,  three  sub- 
jects experienced  marked  itching,  and 
gradually  there  appeared  wheals  with 
considerable  erythema  in  the  same 
areas  to  which  the  compounds  had  been 
originally  applied.  These  symptoms 
persisted  for  about  two  weeks,  and  then 
gradually  disappeared  without  causing 
further  annoy..nce. 

The  same  six  subjects  responded  with 
temporary  local  heat  and  marked  itch- 
ing and  two  of  them  showed  also  a  pap- 
ular rash  after  the  application  of  about 
five  times  the  quantity  of  diethyl-para- 
phenylenediamine.  These  effects  indi- 
cate that  the  diethyl  derivative  is  less 


400 


THE   JOUENAL    OF   INDUSTRIAL    HYGIENE 


irritating  than  the  dimethyl  derivative. 
There  were  no  blisters  and  no  late  ef- 
fects, all  sigTis  and  symptoms  of  irrita- 
tion being  absent  on  the  following  day. 

The  application  to  hnman  skin  of  botli 
the  dimethyl  and  diethyl  derivatives  in 
the  form  of  salts  (hydrochlorides)  in 
solution  produced  no  etfects  at  all.  In 
this  form  the  compounds  are  not  lipoid 
soluble,  and  are  therefore  not  absorbed 
from  the  skin. 

The  effects  on  the  skin  caused  by 
these  compounds  in  vapor  form  are 
practically  negligible.  The  jacketed  test- 
tube  method  of  LjTich,  Smith  and  Mar- 
shall was  used  in  these  experiments. 
Exposures  of  skin  to  saturated  vapors 
of  dimethyl-para-phenylenediamine  for 
thirty  minutes  caused  only  small  pap- 
ules in  two  subjects,  and  no  effects 
in  three  other  subjects.  Application  of 
dimethyl-para-phenylenediamine  in  the 
same  way  for  thirty  minutes  produced 
no  effects  on  five  subjects. 

Prevention  and  Treatment  of  Skin 
Lesions. — The  influence  of  various  lipoid 
solvents  on  the  irritant  properties  of 
dimethyl-para-phenylenediamine  was 
tested,  with  the  idea  of  using  the  most 
suitable  solvent  in  the  prophylactic 
treatment  of  workers  with  this  com- 
pound. Five  per  cent,  concentrations  of 
the  dimethyl  derivative  in  cotton-seed 
oil,  in  98  per  cent,  alcohol,  in  turpentine, 
and  in  5  per  cent,  castile  soap  were 
made  and  applied  directly  to  areas  2  cm. 
in  diameter  on  the  skins  of  forearms  of 
the  same  subjects  used  in  the  experi- 
ments described  above.  As  a  control, 
0.002  c.c.  of  the  compound  itself  was  ap- 
plied to  each  forearm.  The  control  and 
soap  solution  produced  the  usual  ef- 
fects consisting  of  burning,  tenderness, 
erythema,  discoloration,  and  blisters, 
while  the  oil,  alcoholic,  and  turpentine 
solutions     produced     no     demonstrable 


effects  for  three  days  after  application,, 
and  the  subjects  were  dismissed.  Two 
subjects  reappeared  on  the  eighth  day, 
however,  and  two  on  the  thirteenth  day 
after  application,  with  the  usual  signs 
and  sjnnptoms  of  dermatitis,  including^ 
blisters  in  the  areas  where  the  alcohol, 
oil,  and  turpentine  solutions  had  been 
apphed.  Meantime,  the  control  and  soap 
areas  had  practically  healed.  The  de- 
velopment of  latent  dermatitis  is  not  pe- 
culiar to  these  compounds,  but  was  ob 
served  also  with  mustard  gas  and  other 
irritants  during  the  late  war. 

Similar  results  were  obtained  on  a 
dog  wliose  shaved  skin  was  painted  in 
several  places  with  the  same  solutions 
and  control  that  were  used  on  the  hu- 
man subjects.  The  control  and  soap 
areas  showed  the  presence  of  erythema 
and  urticaria  before  the  areas  that  were 
painted  with  alcohol,  turpentine,  and 
oil  solutions.  In  other  words,  soap,  as 
compared  with  other  solvents,  facih- 
tated  the  prodviction  of  dermatitis  pre- 
sumably because  of  the  increased  lipoid 
solubility  of  the  irritant  or  eraulsitica- 
tion  of  skin  lipoids  with  it.  It  would, 
therefore,  be  useless  as  a  detergent  for 
the  removal  of  dimethyl-para-phenyl- 
enediamine under  industrial  conditions. 

The  results  obtained  show  that  soap 
and  the  lipoid  solvents  that  were  tried 
do  not  interfere  ^\^th  the  development 
of  dermatitis  from  dimethyl-para-phe- 
nylenediamine. Rubbing  the  skin  with 
these  solvents  was  also  tried,  but  was 
found  to  be  ineffective  for  complete  pre- 
vention of  the  dermatitis  after  itchinsT 
once  started.  The  most  efficient  solvent 
for  removal  of  the  irritant  was  found 
to  be  acetic  acid  which  can  be  used  in 
high  concentrations  (up  to  50  per  cent.), 
and  which  converts  it  into  a  soluble  ace- 
tate. This  is  the  choice  solvent  for  in- 
dustrial purposes.  After  itching  lias 
dcfinitoly  begun,  however,  acetic  acid  is 
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also  without  influence  on  the  urticaria 
and  vesication  which  usually  follow. 

The  pruritus  after  the  application  of 
dimeth3'l-para-plienylenediamine,  or  af- 
ter the  handling  of  articles  containing 
it,  was  rather  marked.  The  following- 
alleged  antipruritic  agents  were,  there- 
fore, applied  locally  and  in  liberal  quan- 
tities: 25  per  cent,  magnesium  sul- 
phate ;  2  per  cent,  ammonia ;  10  per  cent, 
benzyl  alcohol  in  lard;  and  benzyl  alco- 
hol, full  strength.  All  of  these  measures 
gave  temporary  relief,  that  is,  immedi- 
ately after  application  and  for  about 
five  minutes,  but  after  that  itching  con- 
tinued as  usual.  Plunging  or  bathing 
the  parts  in  cold  water  gave  as  good  re- 
lief as  any  of  the  preceding  measures. 

Variability  of  Human  Skin. — The  re- 
sponse of  different  human  skins  to  these 
compounds  differed.  Under  the  condi- 
tions, it  was  impossible  to  ascertain  the 
extent  of  the  variability,  but  a  few  pre- 
liminary trials  were  made,  using  the 
method  of  Marshall,  Lynch,  and  Smith 
(35).  That  is,  a  series  of  different  con- 
centrations of  the  compounds  were 
made  in  petrolatum  liquidum  and  were 
applied  to  areas  of  about  1  cm.  in  di- 
ameter on  the  forearms  of  six  subjects. 
The  concentrations  of  the  dimethyl 
derivative  used  ranged  from  0.01  per 
cent,  to  5  per  cent.  The  lowest  effective 
concentration,  as  indicated  by  redness 
and  local  heat  in  three  subjects,  was  0.1 
per  cent.,  and  in  three  others  it  was  1 
per  cent.  Another  subject,  a  worker 
with  this  compound,  was  found  to  re- 
s]jond  invariably  to  a  0.01  per  cent,  con- 
centration. The  concentrations  of  the 
diethyl  derivative  ranged  from  0.1  per 
cent,  to  10  per  cent.  The  lowest  effective 
concentration  in  one  subject  was  0.2  per 
cent.,  and  the  remaining  five  subjects 
failed  to  give  responses  witli  the 
strongest  (10  per  cent.)   solution  used. 


It  is  ob^^ous,  therefore,  that  there  is 
considerable  variation  in  the  response 
of  different  human  sldns  to  the  dimethyl 
and  diethyl  derivatives,  when  they  are 
dissolved  in  petrolatum  liquidum.  The 
study  could  not  be  pursued  further  for 
the  lack  of  subjects. 

Antagonism  to  Dichlorethylsulphide. 
— The  dimethyl  and  diethyl  derivatives 
of  para-phenylenediamine  possess  cer- 
tain properties  which  might  make  them 
useful  as  preventives  or  adjuvants  in 
the  treatment  of  burns  from  dichlor- 
ethylsiilphide  (mustard  gas).  That  is, 
they  are  lipoid  soluble  bases  and  pene- 
trate the  skin  readily,  and  they  also  re- 
act readily  with  acids  forming  salts 
which  are  non-irritant  as  far  as  skin 
is  concerned.  Assuming  that  the  mech- 
anism of  the  action  of  dichlorethylsul- 
phide as  explained  by  Lynch,  Smith, 
and  Marshall  (36)  is  correct  and  con- 
sists of  an  intracellular  acidosis,  due  to 
the  liberation  of  hydrochloric  acid, 
the  direct  application  of  a  base  like 
dimethyl-para-phenylenediamine  should 
mitigate  the  local  irritant  action  of  the 
dichlorethylsulphide  to  some  extent  at 
least.  The  chief  disadvantage  mth 
dimethyl-para-phenylenediamine  is  its 
systemic  toxicity  from  rapid  skin  ab- 
sorption. Nevertheless,  several  attempts 
were  made  to  treat  mustard  gas  burns 
protiuced  on  the  shaved  skins  of  rabbits. 
The  dimethyl  -  para  -  phenylenediamine 
was  applied  directly  to  the  areas  treated 
with  mustard  gas.  The  results  were 
disappointing.  Small  quantities  of  di- 
methyl-para-phenylenediamine were  in- 
effective, and  large  quantities  (0.002 
c.c.  and  over  per  square  centimeter  of 
skin  per  kilo  body-weight)  killed  the 
animals.  In  some  animals  there  ap- 
peared to  be  some  retardation  in  the 
development  of  burns,  in  comparison 
with  the  controls,  but  in  the  end  the  ef- 
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fects  of  dichloretliy] sulphide  prevailed. 
Although  these  results  are  negative, 
they  may  be  of  interest  to  those  working 
\vith  toxic  war  compounds,  since  it  may 
be  possible  to  modify  the  toxicity'  of 
certain  phenylenediamines  and  j'et  pre- 
serve their  lipoid  solubility  and  render 
them  suitable  for  treating  lesions 
caused  by  dichlorethylsulphide  and  simi- 
lar compounds. 

Blood. — Direct  insi^ection  of  the  slrin, 
after  the  application  of  both  dimethyl- 
para  -  phenylenediamine,  and  diethyl - 
para-phenylenediamine,  indicated  that 
irritation  took  place  independently  of 
precipitation  in  the  tissues.  It  is  diffi- 
cult, however,  to  recognize  moderate 
protein  precipitation  in  tliis  way,  and 
the  compounds  were  therefore  added 
directly  to  diluted  blood  and  serum.  It 
was  found  that  1  per  cent,  concenti-a- 
tions  of  the  bases  in  0,9  per  cent,  sodium 
chloride  solution  did  not  precipitate  10 
per  cent,  dog's  blood  and  serum  (also 
in  0.9  per  cent,  sodium  chloride).  There 
was  also  no  hemolysis,  but  all  mixtures 
were  darker  than  control  dilutions  of 
untreated  blood  and  serum.  The  pres- 
ence of  methemoglobin  in  these  mix- 
tures could  not  be  established  spectro- 
scopically.  The  hydrochlorides  of  all 
phenylenediamines  are  acid  in  reaction, 
possess  an  astringent  taste,  and  pre- 
cipitate serum.  This  is  due  to  the 
acidit}'. 

3.  Symptoms  and  Production  of  Edema 
and  Effusions 

The  sjonptonis  produced  by  hypoder- 
mic and  gastric  administrations  of  the 
phenylenediamines  are  quite  similar  as 
far  as  changes  in  respiration,  pulse 
rate,  body  temperature,  reflex  excitabil- 
ity, and  convulsions  art  concerned.  The 
various  com])ounds  differ  sufficiently 
in   the   production    of   edemas   and   ef- 


fusions to  require  brief  descriptive 
summaries  of  their  actions.  The  effects 
were  studied  on  several  different  spe- 
cies. The  pulse  and  respiratory  rates 
and  rectal  temperature  were  obtained 
in  the  usual  way. 

Meta-PJienylenediamiiie. — This  com- 
pound was  administered  in  the  form  of 
hydrochloride  to  six  rabbits,  ten  white 
rats,  one  dog,  and  one  cat.  The  dosage 
for  rabbits  ranged  from  0.1  gTU.  to  0.4 
gTu.  per  kilo ;  for  rats,  from  0.06  gTQ.  to 
0.4  g-m. ;  for  the  dog  it  was  0.2  gm. ;  and 
for  the  cat,  0.4  gm.  The  effects  of  hy- 
podermic and  gastric  administrations 
were  the  same  and  have  been  grouped 
together.  The  onset  of  symptoms  with 
gastric  administration  was  slower,  how- 
ever, as  would  be  expected.  There 
Avas  invariably  an  increase  in  pulse  and 
respiratory  rates  and  a  slight  increase 
in  rectal  temperature  (0.1  to  0.5°  C). 
With  fatal  doses,  the  animals  showed 
tremors,  increased  excitability,  convul- 
sions of  medullary  and  spinal  types, 
marked  depression,  cyanosis,  collapse, 
and  death.  Only  two  rabbits  and  one 
rat  recovered.  The  remaining  animals 
died  at  varjang  intervals,  bitt  as  a  rule 
the  effects  were  fatal  not  later  than  the 
day  following  the  administration 
of  the  compound.  Njo  edemas  of  the 
face,  conjunctiva,  neck,  or  tongue  were 
observed  in  any  of  the  animals.  At 
autopsy,  the  most  characteristic  change 
that  was  found  was  hydrothorax,  but 
it  was  also  variable.  Hydrothorax  was 
definitely  present  in  three  rabbits  that 
received  0.2  gm.  of  the  compound  per 
kilo,  and  absent  in  two  rabbits  that 
received  0.1  gm.  and  one  rabbit  that 
received  0.2  gTu.  per  kilo.  It  was  also 
present  in  the  cat  which  received  0.4 
gm.,  but  absent  in  the  dog  which  re- 
ceived 0.2  gm.  per  kilo.  The  hydrotho- 
rax was  always  bilateral,  and  the  vol- 
ume of  fluid  in  the  rabbits  and  in  the 
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cat  ranged  from  2  to  5  c.c.  per  pleura, 
or  a  total  of  4  to  10  c.c.  from  both  pleu- 
ral cavities.  The  fluid  was  clear  and 
colorless.  No  examination  was  made 
for  the  presence  of  formed  elements. 
Negative  chemical  tests  with  sodium 
nitrite  indicated  the  absence  of  meta- 
phenylenediamine.  The  abdominal  vis- 
cera of  those  animals  which  showed  no 
hydrothorax  appeared  rather  wet  and 
shiny,  but  it  was  impossible  to  measure 
the  tiuid  in  order  to  gain  a  definite  idea 
of  the  change  in  fluid  volume  in  the  peri- 
toneal cavity  as  compared  with  the  nor- 
mal, which  is  usually  too  small  in  vol- 
ume to  be  measured.  There  may  have 
been  hydroperitoneum,  but  it  certainly 
could  not  be  as  clearly  demonstrated  as 
the  hydrothorax. 

Other  changes  at  autopsy  consisted 
of  marked  visceral  congestion  and 
edema  of  one  or  both  lungs  in  some, 
but  not  all,  animals.  Fresh  autopsies 
indicated  unusually  active  peristalsis  of 
the  intestines  and  contraction  of  the 
bladder.  In  the  ten  white  rats  that 
were  studied,  hydrothorax,  hydroperi- 
toneum, and  facial  edema  were  not 
demonstrable.  As  far  as  facial  edema 
is  concerned,  my  results  agree  with 
those  of  Meissner  (25),  biit  disagree 
with  the  positive  result  of  Hess  and 
Miiller  (26)  in  the  one  rat  which  they 
observed.  As  for  hydrothorax,  and 
possibly  hydroperitoneum,  in  rabbits, 
my  results  agree  with  those  of  Hess  and 
Miiller. 

Para-Phenylenediamine.- — This  com- 
pound was  administered  in  the  form  of 
base  and  hydrochloride  to  ten  rabbits, 
ten  white  rats,  and  one  cat.  The  range 
of  dosage  for  rabbits  was  from  0.1  gm. 
to  0.45  gm.  per  kilo;  for  white  rats, 
from  0.075  gm.  to  1.0  gm.  per  kilo ;  and 
for  the  cat  0.1  gm.  per  kilo,  adminis- 
tered by  stomach  and  subcutaneously. 


The  symptoms  by  both  methods  of  ad- 
ministration were  the  same,  the  time  of 
onset  and  progress  being  more  rapid 
with  hypodermic  administration.  All 
animals  showed  an  increase  in  pulse 
and  respiratory  rates,  and  the  cat  and 
rabbits  showed  a  fall  of  temperature 
about  fifteen  to  thirty  minutes  after 
administration.  With  non-fatal  doses 
the  respiration  became  very  rapid, 
dyspneic,  and  accompanied  by  loud 
wheezing  which  was  audible  at  a  dis- 
tance of  30  feet  with  some  animals.  At 
the  same  time  there  was  an  increase  in 
secretions  from  the  mouth,  nose,  and 
eyes.  At  the  end  of  one  and  one-half 
to  four  hours  swelling  of  the  nose,  lips, 
tongue,  orbital  tissues,  conjunctiva,  and 
neck  was  observed.  Facial,  tongue,  and 
neck  edemas  were  observed  in  four  rab- 
bits receiving  from  0.2  gm.  to  0.22  gm. 
per  kilo  by  stomach  and  subcutaneously. 
Edemas  were  absent  in  six  rabbits  re- 
ceiving from  0.1  gm.  to  0.45  gm.  per 
kilo  by  stomach  and  subcutaneously. 
With  the  higher  doses,  death  super- 
vened before  the  edema  could  develop. 
FigTire  1  illustrates  edema  of  the  face, 
tongaie,  and  nose  in  a  rabbit  after  the 
administration  of  para-phenylenedia- 
mine  hydrochloride. 

The  facial  and  neck  edemas  were 
characterized  by  rather  pronounced, 
pouchy  and  soft  swelling.  The  lips  Avere 
very  thick  and  the  skin  of  the  neck  was 
pendant.  The  tongue  was  so  swollen 
that  it  protruded  from  the  mouth.  Erd- 
mann  and  Vahlen  attributed  the  marked 
dyspnea  to  obstruction  in  the  pharynx 
and  glottis  by  the  swollen  tong-ue.  The 
orbital  tissues  and  conjunctiva  were  so 
swollen  that  they  gave  the  appearance 
of  exophthalmos.  When  the  etfects  oc- 
curred, they  were  indeed  very  striking 
and  immistakable,  but  some  rabbits 
showed  no  demonstrable  edemas  or  ef- 
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fusions  anywhere.  At  autopsy,  the 
rabbits  which  showed  facial  and  cervi- 
cal edemas  showed  no  hydrotliorax  nor 
hydroperitoneum.  The  ten  white  rats 
which  were  injected  with  doses  ranging 
from  0.075  gm.  to  1  gm.  per  kilo  shoAved 
no  edemas  nor  exudations  anywhere.  All 
the  rabbits  which  showed  edemas  of  the 
face  and  neck  died  eventually,  although 
recoveries  from  the  acute  edema  and 
other  .symptoms  occurred.  The  edemas 
were  most  pronounced  on  the  day  fol- 
lowing administration,  less  pronounced 
on  the  third  day,  and  complete  recovery 
took  place  by  the  end  of  the  sixth  day. 
One  animal  died  on  the  sixth,  one  on  the 
eighth,  and  one  on  the  thirteenth  day 
after  administration.  Apparently  there 
was  permanent  injury  to  important 
functions  and  organs  even  in  those  ani- 
mals which  recovered  from  the  acute 
effects. 

The  results  that  were  obtained  with 
para-phenylenediamine  administered  to 
rabbits  and  a  cat  are  confirmative  of 
those  obtained  by  previous  investiga- 
tors. The  results  of  previous  investi- 
gators show  that  dogs  give  practically 
the  same  response  as  cats  and  rabbits. 
Reports  in  the  literature  give  the  im- 
pression that  rabbits  respond  uniformly 
to  the  production  of  edema.  The  results 
here  reported  do  not  sustain  this  l3elief, 
however,  and  white  rats  failed  to  show 
evidences  of  edema.  It  is  concluded, 
nevertheless,  that  a  certain  proportion 
of  rabbits  responds  to  the  administra- 
tion of  para-phenylenediamine  Avith  a 
peculiar  and  marked  edema  of  the  face, 
tongue,  conjunctiva,  and  neck.  On  the 
other  hand,  a  certain  proportion  of 
rabbits  responds  quite  differently  to 
meta-phenylenediamine  —  namely,  with 
hj^drothorax,  and  possibly  with  hydro- 
peritoneum.  The  production  of  marked 
pulmonary  edema  does  not  seem  to  be 
a  prominent  feature  in  tlio  actions  of 


these  compounds.  Moderate  degrees  of 
pulmonary  edema  could  not  be  detected 
under  the  conditions  of  the  experiments. 

Dimethyl-Para'Plienylenedlamine  and 
Diethyl  -  Para  -  Phenylenediamine .  — 
These  two  compounds  gave  practically 
identical  results  as  far  as  symptoms 
were  concerned;  the  diethyl  compound, 
however,  being  less  toxic,  required 
larger  dosage  than  the  dimethyl  com- 
pound. Dimethyl  -  para  -  phenylenedia- 
mine was  administered  by  stomach  and 
hypodermically  to  four  rabbits,  two 
guinea-pigs,  one  cat,  and  fourteen  wliite 
rats.  For  rabbits  the  range  of  dosage 
was  from  0.06  gm.  to  0.3  gm.  per  kilo; 
for  g-uinea-pigs,  from  0.03  to  0.6  gm. ;  for 
the  cat,  0.02  gm. ;  and  for  the  rats,  from 
0.063  to  0.3  g-m.  Diethyl-para-phenyl- 
enediamine  was  administered  in  the 
same  way  to  six  rabbits,  three  guinea- 
pigs,  two  cats,  and  fifteen  white  rats. 
The  range  of  dosage  was  from  0.05  gm. 
to  0.4  gm.  per  kilo  for  the  rabbits ;  0.03 
gm.  to  0.2  gm.  per  kilo  for  the  guinea- 
pigs  ;  0.05  g-m.  and  0.3  gm.  per  kilo  for 
the  two  cats,  and  from  0.013  gm.  to  0.3 
gm.  per  kilo  for  rats. 

In  rabbits,  cats,  and  guinea-pigs,  both 
compounds  caused  a  prompt  increase  in 
respiratory  and  pulse  rates,  the  in- 
creases being  somewhat  more  uniform 
and  pronounced  with  the  dimethyl  com- 
pound than  with  the  diethyl  compound. 
Rabbits  showed  a  fall  in  rectal  tempera- 
ture, except  when  convulsions  occurred ; 
then  the  temperature  rose.  It  fell  again, 
however,  when  the  convulsions  stopped. 
Cats  responded  more  uniformly  with  a 
fall  in  temperature.  The  rabbits  and 
rats  which  died  as  a  result  of  the  admin- 
istration of  these  compounds  showed 
increased  reflex  excitability,  tremors, 
convulsions  of  medullary  and  spinal 
types,  marked  cyanosis,  very  rapid  res- 
piration, marked  motor  depression, 
coma,  further  fall  in  l)ody  temperature, 
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and  death.  None  of  the  animals  ex- 
hibited edemas  anywhere.  Most  of  the 
rabbits  and  gniinea-pigs  and  all  the  cats 
died  very  soon  or  eventually  after  the 
administration  of  the  compounds. 
White  rats  showed  a  mortality  of  about 
50  per  cent.,  depending  on  the  dosage. 


Fiii.  1. — Edema  of  tongiie,  nose,  and  face  follow- 
ing administration  of  0.2  gni.  of  para-phenylenp- 
diamino  per  kilo  by  stomach  to  a  rabbit  (1.2  kg.). 
Before  administration,  tlie  pulse  rate  was  212,  the 
respiratory  rate,  84  per  minute.  Four  hours  after 
administration  of  the  agent  the  pulse  rate  was 
300,  the  respiratory  rate  60.  Other  symptoms  were ; 
dyspnea,  marked  exophthalmos,  and  chemosis,  fa- 
cial edema,  nose  large,  tongue  hanging  and  mark- 
edly swollen.  The  rabbit  had  recovered  complete- 
ly from  the  edemas  at  the  end  of  six  days;  it  died 
of  pneumonia  and  pulmonary  edema  at  the  end  of 
thirteen  days. 

These  animals  were  also  used  for  the 
determination  of  fatal  dosage  of  these 
compounds  as  described  in  the  begin- 
ning of  the  paper. 

At  autopsy,  the  only  noteworthy 
changes  consisted  of  marked  congestion 
of  all  viscera,  marked  intestinal  peristal- 
sis, and  very  dark  blood.  There  were 
no  evidences  of  hydrothorax  or  hydro- 
peritoneum. 


The  results  obtained  agree  with  those 
of  Meissner's  experiments  Avith  di- 
methyl-para-phenylenediamine  on  rab- 
bits, but  do  not  support  his  claim  that 
diethyl-para-phenylenediamine  causes 
facial  and  cervical  edema.  The  reason 
that  edema  does  not  occur  after  the  ad- 
ministration of  dimethyl-para-phenyl- 
encdiamine  is  because  the  compound  is 
markedly  toxic  and  death  results  before 
tlie  edema  process  is  fully  developed; 
small  quantities,  that  is,  less  than  toxic 
amounts,  are  inadequate  for  the  produc- 
tion of  edema.  On  the  other  hand, 
diethyl  -  para  -  phenyienediamine  is  no 
more  toxic  than  para-phenylenediamine, 
which  produces  edema  in  some  rabbits. 
Other  factors,  as,  for  instance,  altered 
concentration  of  the  blood,  which  may 
be  concerned  in  the  production  of  edema 
even  before  it  is  grossly  recognizable, 
were  not  studied. 

Mechanism  of  the  Production  of 
Edemas  and  Effusions. — It  was  thought 
more  desirable  to  determine  the  inci- 
dence of  the  edemas  and  to  obtain  some 
idea  of  the  ordinary  pharmacological 
actions  of  the  phenylenediamines  before 
proceeding  to  a  detailed  study  of  the 
mechanism  of  the  edemas  and  effu- 
sions. The  edemas  are  undoubtedly 
among  the  most  interesting  features  in 
the  actions  of  these  compounds.  Cer- 
tain evidences  in  the  literature  indicate 
that  the  edemas  and  etfusions  caused 
by  these  compounds  are  associated  with 
an  increase  in  permeability  of  the  capil- 
laries. It  is  not  indicated,  however, 
why  para-phenylenediamine  appears  to 
have  a  predilection  for  the  head  and 
neck,  and  meta-phenylenediamine  for 
the  pleura  and  peritoneum.  The  vascu- 
larity of  certain  parts,  and  the  circula- 
tory stimulant  properties  of  the  com- 
pounds (to  be  described)  would  favor 
the  production  of  edemas  and  effusions. 
I  have  already  indicated  that  volatility 
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and  lipoid  solubility  play  a  definite  role 
in  the  predilection  of  the  dimethyl  and 
diethyl  compounds  for  the  skin.  The 
role  of  quiuouediimine  is  not  estab- 
lished. Section  and  degeneration  of 
sympathetic  nerves  do  not  prevent  the 
edemas.  Other  possibilities  are  depri- 
vation of  oxygen  in  the  tissues  and  local 
acidosis. 

4.     Action  on  Frogs 

The  effects  of  the  phenylenediamines 
on  frogs  are  different  from  those  on 
mammals.  The  meta  and  para  com- 
pound^ i^ause  gradual  depression,  v.ii\i 
muscular  relaxation  and  paralysis 
ClMeissner;  Matsumoto).  Previous  to 
the  present  investigation  the  dimethyl 
and  diethyl  derivatives  of  para-phenyl- 
enediamine  had  not  been  studied.  Fatal 
and  non-fatal  doses  of  these  com.pounds 
were  therefore  injected  into  the  an- 
terior lymph  sacs  of  frogs,  and  the  ef- 
fects observed.  Six  frogs  were  iniect^d 
with  the  dimethyl  derivati^'e,  arid  four 
with  the  diethyl  derivative.  Bolh  com- 
pounds gave  the  same  results.  The 
follo^\^ng  protocol  of  an  experiment 
with  the  dimethyl  derivative  indicates 
the  effects,  and  results  of  analysis  of  the 
depj'essant  action. 

Protocol. — Frog.     29  gm. 

2:17. — 0.0.3  c.c.  of  1  per  cent,  solution  of 
dimethyl-para-plicuylenediamine  per  gram  of 
weight  injected  into  anterior  Ij^mph  sac. 

2:37. — Marked  depression;  frog  sat  and  re- 
fused to  move;  no  increase  in  reflex  excita- 
bility. Animal  sank  in  water;  made  attempts 
to  swim  but  did  not  succeed  in  reaching  the 
air. 

,3:10.  —  Complete  muscular  relaxation; 
when  put  on  its  back,  frog  lay  in  place ;  no 
convulsions  at  any  time. 

Heart  dilated  and  still  beating,  although 
very  slowly.  Blood  was  very  dark.  Sciatic 
nerve  and  gastrocnemius  muscle  responded 
to  electrical  and  mechanical  stimuli.  The 
central  nervous  system  was  exposed,  and 
weak    taradic    stimnJu';    was    a])plied    from 


abo\e  downward :  there  was  no  response  by 
stimulation  of  cerebral  hemispheres  in  differ- 
ent regions ;  prompt  muscular  responses  oc- 
curred, however,  when  the  same  stimulus  was 
applied  to  the  optic  thalamus,  optic  lobes, 
medulla,  cord,  and  sciatic  plexus.  The  de- 
pression appeared,  therefore,  to  be  above  the 
optic  thalamus. 

The  results  with  the  remaining  frogs 
were  similar,  and  agreed  with  those  ob- 
tained by  Meissner  and  Matsumoto  in 
theii  experiments  with  meta-phenylene- 
diamine  and  para-phenvlenediamiue  on 
frogs.  Briefly  summarized,  the  effects 
of  these  compounds  on  frogs  consist  of 
gradual  motor  depression,  marked  dis- 
coloration of  the  blood,  circulatory  col- 
lapse, and  death.  At  autopsy  the  hearts 
of  those  animals  which  died  from  the 
effects  of  the  poisons  were  markedly 
dilated  and  refractory  tc  direct  mechan- 
ical and  electrical  stimuli.  Convulsions 
were  absent  even  in  those  animals  which 
received  fatal  doses.  In  fact,  there  was 
liroduced  a  depression  similar  to  that 
caused  by  morphine  or  narcotics,  and 
later  a  paralysis  of  such  a  degree  that 
the  animals  were  not  able  to  perform 
purposive  movements:  the  effects  cor- 
responded to  those  foUowung  ablation  of 
the  hemispheres.  It  was  shown  that 
the  different  portions  of  the  central  ner- 
vous system  from  the  optic  thalamus 
to  t]\e  spinal  cord,  inclusive,  and  the 
peripheral  nerve  trunk,  nerve  endings, 
and  skeletal  musculature  wore  not 
paralyzed  by  the  highest  doses.  It  was,, 
therefore,  concluded  that  the  depression 
was  central  in  the  hemispheres  and 
resembled  that  produced  by  morphine. 
None  of  the  animals  used  in  these  ex- 
periments showed  increased  excitability 
or  convulsions.  Apparently  the  main 
action  on  the  nervous  system  in  frogs 
was  depressant;  the  stimulant  action, 
if  any,  was  evanescent.  It  will  be  seen 
later  that  the  smooth  muscle  of  excised 
organs  in  frogs  is  markedly  stimulated 
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by  the  phenylenediamines.  It  -will  also 
be  seen  that  the  terminal  depressant 
action  upon  the  circulation  is  the  same 
in  mammals  as  in  frogs.  All  these  find- 
ings indicate  that  the  actions  of  the 
phenylenediamines  are  complex. 

5.     Convulsant  Action  in  Mammals 

The  results  obtained  with  frogs  do 
not  throw  any  light  on  the  cause  of  the 
con\^ilsions  which  occur  in  mammals, 
because  the  predominant  action  of  the 
phenylenediamines  upon  the  nervous 
system  of  frogs  is  paralysis.  The  clonic 
nature  of  the  convulsions  in  mammals 
indicates  that  these  are  not  due  to  direct 
muscular  (veratrin-like^  stimulation. 
Two  other  important  possibilities  re- 
main: (1)  that  thei'e  is  direct  and  more 
prolonged  stimulation  of  the  central 
nervous  system  (cerebrum,  medulla, 
and  cord)  of  mammals  than  of  frogs; 
(-)  that  asphyxia  occurs  from  altera- 
tion of  tlie  blood  pigment  by  the  com- 
pounds, or  gradual  circulatory  depres- 
sion. Asphyxia  may  be  ruled  out  at 
once,  because  the  administration  of  ai'- 
tificial  respiration  to  operated  and  un- 
operated  rabbits,  cats,  and  dogs  did  not 
prevent  the  convulsions.  Furthermore, 
the  onset  of  convulsions  was  rapid, 
taking  place  twenty  to  thirty  minutes 


after  application  to  the  skin  of  rabbits, 
and  after  hypodermic  injection  in 
white  rats,  cats,  and  rabbits,  and  almost 
immediately  after  the  intravenous  in- 
jection of  large  doses  in  dogs  and  cats. 
Under  these  conditions,  the  convulsions 
continued  for  some  time  (from  one  to 
one  and  one-half  hours)  and  increased 
in  severity  before  cjanosis  was  evident, 
although  some  difficulty  was  experi- 
eiiced  in  interpreting  this  propei'ly  be- 
cause of  the  dark  discoloration  of  the 
blood  produced  by  the  compounds  them- 
telves.  The  presence  of  methemoglobin 
was  not  established  in  any  of  the  bloods 
of  tne  ciifL'erent  species  studied.  Its 
presence  in  the  blood  of  animals  djing 
from  the  phenylenediamines  is  denied 
by  Meissner  and  Ei-dmann  and  Vahlen. 
The  discoloration  was  apparently  due 
to  the  oxidation  product  of  the  phenyl- 
enediamines, namely,  quinonedii:nine, 
wliich  does  not  per  se  contribute  to  or 
cause  asphyxia.  This  leaves  direct 
stimulation  of  the  nervous  system  by 
the  phenylenediamines  themselves  as 
the  cause  of  the  convulsions.  Both  the 
meclullary  and  spinal  t^^Des  of  convul- 
sions were  observed  and  it  may  be  as- 
sumed, therefore,  that  both  the  medulla 
and  cord  are  involved  in  the  stimula- 
tion. 


(To  he  continued) 
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OBSERVATIOXS  UPON  THE  EFFECTS  OF  EXPOSURE  TO  ARSENIC 
TRICHLORIDE  UPON  HEALTH 

((rO)itiuued) 
The  Late  Sheridan  Delepine,  M.B.,  CM.,  il.Sc. 


Phenomena    Observed    "When    Arsenic 
Trichloride  Is  Exposed  to  Air 

A.  Arsenic  trichloride  exposed  to  air 
dried  over  sulphuric  acid  and  coniined 
in  a  bell  jar  of  moderate  size  evaporated 
fairly  rapidly  without  undergoing  any 
ob^'ious  change,  and  without  causing  any 
cloudiness  of  the  air  or  producing  any 
perceptible  deposit  upon  glass  plates 
exposed  in  a  chamber;  14  c.c.  of  the 
arsenic  trichloride  had  almost  entirely 
disappeared  in  twenty-four  hours.  The 
thin  layer  remaining  in  the  watch  glass 
did  not  alter  in  appearance  in  the  course 
of  five  days,  but  at  the  end  of  that  time 
it  was  syrupy  in  consistency  and  on  be- 
ing exposed  to  ordinary  air  it  became 
opaque  and  white.  Very  few  microscopic 
granules  were  recogiuzable  on  the  sur- 
face of  a  glass  plate  exposed  in  the 
chamber.  The  sulphuric  acid  contained 
a  large  amount  of  arsenic. 

B.  Arsenic  trichloride  exposed  to  air 
saturated  with  water  confined  in  a  beU 
jar  of  the  same  size  as  that  used  in  Ex- 
periment A  behaved  quite  differently. 
The  air  of  the  jar  became  rapidly  cloudy, 
and  the  glass  surfaces  exposed  to  this 
cloudy  air  were  soon  coated  with  a  tliin 
white  deposit.  Ten  minutes  later  the 
air  was  still  cloudy  and  minute  dew-like 
drops  had  formed  upon  the  marginal 
part  of  the  watch  glass  containing  the 
arsenic  trichloride,  and  also  upon  the 
surface  of  the  glass  plates  exposed  in 
the  jar  as  well  as  upon  the  sides  of  the 
jar  itself. 

After  four  hours,  changes  which  have 


already  been  described  were  observed  in 
the  arsenic  trichloride.  The'  droplets 
formed  among  the  white  deposit  on  the 
glass  surfaces  had  increased  consider- 
ably in  size.  After  twenty-four  hours, 
the  arsenic  trichloride  had  increased 
slightly  in  bulk.  The  white  deposit  on 
the  glass  plate  examined  under  the  mi- 
croscope consisted  of  semi-crystallized 
granules  of  small  size.  In  the  large  clear 
drops  of  fluid  which  had  formed  at  fairly 
regular  intervals  among  this  deposit, 
there  were  large  transparent  crystals, 
some  of  which  were  clearly  octahedral. 
(See  Fig.  3.)  At  the  end  of  five  days, 
the  bulk  of  the  fluid  contained  in  the 
watch  glass  was  about  five  times  that 
of  the  arsenic  trichloride  originally 
placed  in  it.  An  abundant  semi-crystal- 
line deposit  had  formed  in  this  fluid. 
The  water  in  the  dish  placed  in  the  jar 
contained  a  large  amount  of  arsenic  as 
did  also  the  deposit  on  the  glass  plates. 
Not'U'ithstanding  these  great  differences, 
it  is  clear  that  arsenic  trichloride  emits 
gases  rich  in  arsenic  Avhether  Jt  is  ex- 
posed to  dry  or  to  moist  air.  (See  also 
animal  experiments  17  and  19.) 

Arsenic  trichloride,  0.98  gm.,  con- 
tained in  a  watch  glass  (the  surface  of 
the  fluid  measuring  about  7  cm.  square) 
supported  by  one  arm  of  a  special  bal- 
ance was  placed  under  a  bell  jar  of  a 
capacity  of  about  20,000  c.c.  The  air  of 
this  jar  was  partly  dried  by  sulphuric 
acid.  Test  plates  A,  B,  and  C  were  sup- 
ported at  various  heights  in  the  vessel, 
which  was  hermetically  closed  by  a  glass 
plate  to  which  it  was  luted.    (See  Fig.  4.) 
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omit  any  visible  fumes,  but  after  several 
minutes  a  slight  cloudiness  was  visible 
in  the  upper  part  of  the  jar  and  within 
thirty  minutes  the  whole  jar  was  full  of 
minute  particles  in  active  motion,  and  a 
white  film  had  formed  on  each  of  the 
test  plates  A,  B,  and  C.  These  particles 
were  barely  visible  to  the  naked  eye,  but 
with  the  help  of  a  magnifying  glass  and 
of  a  suitable  light  their  motion  could  be 
clearly  followed.  They  formed  at  a  short 
distance  above  the  watch  glass  contain- 
ing arsenic  trichloride,  then  rose  rapid- 
ly to  the  dome  of  the  jar  {i.e.,  to  a  height 
of  about  35  cm.).  They  then  dispersed 
in  different  directions,  forming  various 
streams,  and  fell  down  along  the  sides 


Fig.  3. — Deposit  produced  by  arsenic  tricliloride 
in  presence  of  water  vapor.  (X17o.)  A  and 
B=octahedral  crystals  formed  in  the  droplets  of 
fluid. 


Fir..  4. — I'.cll  jar  (22,(l<)()  o.c.  I  showing  nrraime- 
ment  adopted  for  estimating  rate  of  volatilizatioD 
of  arsenic  trichloride  in  air  dried  by  sulphuric 
acid.     A,  B,  and  C=test  .plates.     (Scale  1  to  13.) 


During  the  first  hour  0.18  gm.  of  the 
arsenic  trichloride  became  gaseous ;  the 
fluid  in  the  watch  glass  lost  weight  more 
slowly  afterwards,  about  0.4  gm.  being 
lost  in  the  twelve  hours  following  the 
first,  and  about  0.2  g-m.  in  the  subsequent 
eleven  hours.  The  total  loss  in  twenty- 
four  hours  was,  therefore,  about  0.78 
gm.,  or  on  an  average  of  0.0325  gm.  per 
hour.  Over  one-quarter  of  the  amount 
lost  in  twenty-four  hours  had  volatilized 
during  the  first  hour. 

The  air  of  the  jar  remained  clear  at 
first  and  the  arsenic  trichloride  did  not 


of  the  jar,  some  of  them  reaching  the  bot- 
tom. They  rose  again  toward  the  watch 
glass,  however,  and  joined  the  stream  of 
particles  arising  from  the  arsenic  tri- 
chloride. This  circulatory  motion  ap- 
peared to  be  determined  by  the  relative 
temperature  of  the  air  above  the  watch 
glass  and  of  that  near  the  walls  of  the 
jar.  The  heat  thrown  against  the  sides 
of  the  jar  by  an  ordinary  incandescent 
electric  lamp,  situated  at  some  distance 
from  the  jar,  was  sufficient  to  divert  the 
stream  of  particles  toward  the  light.  The 
heat  of  the  hand  applied  to  one  side  of 
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the  jar  had  the  same  effect.  The  pres- 
ence of  the  trace  of  water  remaining  in 
the  air  appeared  to  be  necessary  to  the 
formation  of  a  solid  oxychloride  of  arse- 
nic. The  first  ascent  of  the  particles  was 
obviously  caused  by  the  warming  of  the 
air  due  to  the  heat  of  combination.  As 
the  warm  air  over  the  watch  glass  rose, 
it  carried  with  it  the  light  particles  as 
they  were  formed.  On  reaching  the  top 
of  the  jar,  however,  this  air  was  cooled 
and,  being  displaced  by  more  Avarm  air, 
streamed  down  the  side  of  the  jar  from 
which  it  returned  to  the  neighborhood 
of  the  watch  glass  to  replace  the  rising 
warm  air.  At  the  end  of  the  experiment 
the  upper  surface  of  each  of  the  test 
plates  was  covered  mth  a  white  deposit. 
This  phenomenon  is  not  only  interesting 
from  a  scientific  point  of  view,  but  is  of 
importance'  as  indicating  a  method  for 
the  removal  of  arsenic  trichloride  fumes. 

When  ammonia  is  present  in  air  to 
which  arsenic  trichloride  is  exposed, 
white  fumes  are  also  produced  owing  to 
the  formation  of  the  chloro-ammonio- 
arsenical  compound  or  compounds  al- 
ready alluded  to.  These  fumes  are  com- 
posed of  solid  particles  which  form 
denser  and  more  distinct  clouds  than 
those  of  the  oxychloride;  they  are  sub- 
ject to.  the  same  movements  as  those 
which  have  been  previously  described. 
Advantage  was  taken  of  the  greater  \ds- 
ibility  of  these  fumes  to  take  photo- 
graphs showing  some  of  the  phases  of 
the  phenomenon.    (Fig.  5.) 

A  shallow  rectangular  case  was  con- 
structed by  fixing  together  sheets  of 
plate  glass.  Through  two  small  doors  at 
the  ends  of  the  base  plate,  two  capsules 
containing  respectively  1  c.c.  of  arsenic 
trichloride  and  5  c.c.  of  weak  ammonia 
solution  were  introduced  almost  simul- 
taneously. A  powerful  beam  of  liglit 
was  thrown  tlirough  the  glass  case  and 


photographs  were  taken  at  intervals. 

Figure  5A  shows  the  appearance  of 
the  glass  case  immediately  after  the  in- 
troduction of  the  capsules  of  ammonia 
(left),  and  arsenic  trichloride  (right). 
The  arc  lamp  was  at  the  right  of  the 
case.  For  the  first  two  or  three  minutes 
very  little  change  was  observed,  then  a 
small  cloud  formed  over  the  arsenic  tri- 
chloride and  began  to  rise  rapidly  to  the 
top  of  the  chamber  (about  35  cm.). 

Figure  5B  was  taken  five  minutes  af- 
ter the  beginning  of  the  experiment.  The 
column  was  deflected  toward  the  light 
owing  to  the  current  of  warm  air  caused 
by  the  heat  of  the  lamp  (although  a 
trough  of  water  had  been  interposed  to 
absorb  the  greater  part  of  the  heat).  In 
addition  to  the  main  ascending  current, 
a  much  smaller  descending  current  was 
noticeable. 

Figure  5C  was  taken  ten  minutes  after 
the  beginning.  The  fumes,  after  flomng 
under  the  top  plate  toward  its  left  end, 
had  turned  downward  along  the  colder 
left  side  of  the  chamber,  and  when  near 
the  base  had  flowed  along  the  base 
toward  the  right,  generally  rising  before 
reaching  the  ascending  stream  above  the 
capsule  of  arsenic  trichloride.  This 
stream  of  fumes  was  composed  of  sub- 
sidiary streams  which  on  expanding 
produced  the  clouds  visible  in  the  photo- 
graph. 

Fig-ure  5D  was  taken  fifteen  mimites 
after  the  beginning.  The  whole  chamber 
was  then  full  of  white  fumes,  densest  on 
the  right  over  the  arsenic  trichloride, 
from  Avhich  fresh  fumes  continued  to 
rise. 

Figure  5E  was  taken  thirty  minutes 
after  the  beginning  of  the  experiment, 
when  the  fumes  had  ceased  to  rise  in  a 
continuous  stream;  a  dense  cloud  hung 
over  the  arsenic  trichloride,  from  which 
fresh    fumes    burst    at    intervals.     The 
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Fig.  5. — Production  and  distribution  of  arsenic  tricliloriile  fumes.  A=beginuiuji  of  exiseriment, 
B=five  minutes  after  beginning,  C=ten  minutes  after,  D=fifteen  minutes  after,  E=thirty  minutes 
after,  and  F=one  hour  after  beginning. 
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fumes  iu  the  upper  part  of  the  chamber 
had  begun  to  settle,  falling  upon  the 
bottom  plate  in  the  form  of  very  fine 
white  granules  (semi-crystalline  under 
the  microscope). 

Figure  5F  was  taken  one  hour  after 
the  beginning.  After  a  final  outburst 
of  fumes,  the  aerial  precipitate  had  be- 
gun to  fall  so  abundantly  upon  the  base 
plate  as  to  cover  it  entirely  with  a  white 
opaque  layer  which  is  visible  in  the  pho- 
tograph. The  arsenic  trichloride  capsule 
had  become  visible  again  and  very  httle, 
if  any,  fresh  fumes  were  formed.  After 
two  hours  more,  the  precipitate  had  al- 
most entirely  settled ;  twelve  hours  later 
the  air  of  the  glass  case  was  quite  clear 
and  its  appearance  was  the  same  as  it 
was  before  the  beginning  of  the  experi- 
ment, except  that  the  base  plate  and  the 
upper  surface  of  objects  Ijing  on  it  were 
covered  with  a  thick  layer  of  the  white 
deposit  already  described.  Some  of  the 
deposit  was  given  to  Mr.  Heap  for  an- 
alysis, and  he  found  that  it  differed  from 
the  white  deposit  formed  in  the  presence 
of  air  and  water  alone  in  that  it  con- 
tained a  definite  proportion  of  nitrogen. 

At  the  end  of  this  experiment  some 
arsenic  trichloride  remained  in  the  cap- 
sule and  was  still  capable  of  emitting 
fumes.  It  seemed,  therefore,  that  a  state 
of  combination  equilibrium  had  been 
brought  about  somewhere  about  the 
mouth  of  the  vessel  containing  arsenic 
trichloride.  Outside  this  area  the  air 
was  saturated  with  ammonia.  This  view 
was  confirmed  by  the  following  experi- 
ments : 

Two  small  cups  containing  respective- 
ly 0.5  c.c.  of  dilute  liquor  ammoniae  and 
0.5  c.c.  of  arsenic  trichloride  were  intro- 
duced simultaneously  into  the  lower  part 
of  an  hermetically  sealed  jar  (24  cm.  in 
diameter  and  48  cm.  in  height).  After  a 
few  minutes   the  fumes   began   to   rise 


above  the  cup  of  arsenic  trichloride  and 
phenomena  similar  to  those  previously 
described  were  observed.  The  cup  of 
ammonia  was  removed  when  the  whole 
jar  was  full  of  dense  white  fumes.  These 
had  entirely  settled  three  hours  later, 
the  bottom  plate  and  test  plates  being 
covered  mth  a  thick  white  deposit.  The 
air  of  the  jar  was  saturated  with  invisi- 
ble arsenic  trichloride  vapors.  The  cup 
of  arsenic  trichloride  was  then  removed 
and  the  cup  of  ammonia  returned  to  its 
original  position.  Dense  fumes  began 
to  rise  at  once  over  this  cup  and  after 
thirteen  minutes  the  whole  jar  was  filled 
with  dense  white  fiames,  which  settled 
down  within  three  hours,  leaving  the  air 
of  the  jar  quite  clear.  The  jar  was  now 
saturated  with  invisible  ammonia  va- 
pors. This  experiment  was  repeated  sev- 
eral times  with  the  same  results.  Ulti- 
mately the  arsenic  trichloride  cup  was 
closed  by  a  thin  solid  diaphrag-m  (Fig. 
6)  fixed  to  the  lips  of  the  cup  and  sus- 
pended at  a  height  of  1  to  2  cm.  above 
the  level  of  the  fluid  arsenic  trichloride. 
This  diaphragm  was  much  convoluted 
and  its  shape  indicated  the  intermittence 
and  variations  in  the  intensity  of  the 
combination.  It  had  obviously  been 
formed  in  the  plane  where  the  gaseous 
ammonia  and  arsenic  trichloride  had  met 
in  suitable  combining  proportions.  Be- 
neath this  diaphragm  the  air  was  satu- 
rated with  arsenic  trichloride ;  outside  it 
there  was  an  excess  of  ammonia. 

Moist  air  containing  ammonia  was 
used  in  these  last  experiments  for  the 
purpose  of  studying  the  behavior  of 
arsenic  trichloride  vapors- more  closely 
than  was  possible  when  air  containing 
only  water  vapor  came  into  contact  with 
arsenic  trichloride.  The  object  of  this 
study  was  to  find  some  means  of  bring- 
ing arsenic  trichloride  fumes  under  con- 
trol. 
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When  a  current  of  dry  air  is  caused 
to  pass  over  the  surface  of  arsenic  tri- 
chloride, evaporation  of  the  fluid  takes 
place  rapidly  \^'ithout  alteration  in  the 
appearance  of  the  fluid.  When  the  air 
is  moist,  the  arsenic  trichloride  becomes 
rapidly  turbid,  and  after  a  time  a  thin 
layer  of  clean  watery  fluid  forms  on  its 
surface. 


Fig.  6. — Solid  diaphragm  formed  in  plane  of 
saturation  between  ammonia  and  arsenic  tri- 
chloride vapors.     (Normal  size.) 

The  cup  is  filled  with  arsenic  trichloride  vapors 
generated  by  a  few  drops  of  arsenic  trichloride 
at  the  bottom  of  it;  the  air  outside  the  cup  is  sat- 
urated with  ammonia. 


When  a  current  of  air  laden  with 
arsenic  trichloride  is  admitted  to  a 
chamber,  such  as  the  215,000  c.c.  chamber 
used  in  the  animal  experiments,  a  cloud 
is  produced  near  the  inlet.  This  cloud  is 
densest  at  some  distance  from  the  inlet 
and  extends  in  the  direction  of  the  out- 
let. As  it  extends,  it  first  rises  to  the 
upper  part  and  then  gradually  falls 
down  in  the  outlet  part  of  the  chamber. 
The  air  at  the  sides  of  the  inlet  remains 
generally  clear,  or  almost  clear.  The 
density  of  the  fumes  is,  therefore,  great- 
er in  the  middle  and  outlet  parts  of  the 
chamber  than  in  the  inlet  part,  except 
near  the  inlet  in  the  path  taken  by  the 


fumes.  Test  plates  placed  in  various 
parts  of  the  chamber  show  deposits  of 
various  density  which  indicate  the  same 
irregularity  of  distribution.  These  ob- 
servations explain  why  animals  placed 
in  different  parts  of  the  chamber  are  un- 
equally affected  by  the  fumes  (see  Ex- 
periments 11,  12,  13,  and  14). 

These  facts  show  that  arsenic  tri- 
chloride is  very  diffusible  and  enters 
readily  into  various  combinations  when 
it  comes  into  contact  with  air  containing 
moisture.  The  resulting  oxychloride  is 
precipitated  in  the  form  of  fine,  snow- 
like flocculi  which  are  initially  so  light 
that  the  heat  generated  at  the  time  of 
combination  is  sufficient  to  induce  air 
currents  wliich  carry  the  precipitate  to 
a  considerable  height,  from  wliich  it 
afterwards  falls  as  a  kind  of  snow  and 
covers  the  upper  surface  of  all  the  ob- 
jects exposed  to  it. 

A  considerable  part  of  the  evaporated 
arsenic  trichloride  is  disposed  of  in  this 
way;  many  of  the  outlying  and  appar- 
ently heavier  particles  do  not  rise  with 
the  main  stream,  however,  but  fall  more 
or  less  rapidly  to  the  ground  over  which 
they  spread  gradually.  In  addition  to 
these  visible  particles,  there  is  evidence 
of  the  presence  of  invisible  vapors  of 
arsenic  trichloride  when  the  air  is  un- 
saturated with  water. 

It  is  obvious  that  where  the  amount 
of  air  is  unlimited  there  is  enough  mois- 
ture in  it  to  convert  the  invisible  vapors 
of  arsenic  trichloride  into  visible  fumes 
which  are  not  very  distinct  when  the  air 
is  nearly  dry,  but  which  are  very  con- 
spicuous when  the  air  is  saturated  with 
water.  In  very  dry  localities,  however, 
arsenic  trichloride  might  diffuse  indefi- 
nitely without  any  visible  trace  of  its 
presence  being  noticed,  except  at  places 
where  it  came  into  contact  with  damp  or 
wet  surfaces  (such  as  the  mucous  mem- 
branes   of   men    or    animals),    or   with 
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moist  air,  such  as  expired  air. 

It  is  clear  that  the  precii:)itate  of  oxy- 
chloride  and  allied  products  which  form 
in  the  air  have  a  great  tendency  to  cling 
to  the  surface  of  solid  objects  with  which 
they  come  in  contact.  This  is  one  of 
the  reasons  why  the  hair  of  persons 
working  in  arsenic  trichloride  plants 
becomes  so  rapidly  laden  with  arsenic. 
Arsenic  trichloride  is  also  rapidly  ab- 
sorbed by  animal  tissues. 

Detection  of  Arsenic  Trichloride  or  De- 
rivatives in  the  Air  of  Places  Where 
Arsenic  Trichloride  Is  Prepared  or 
Handled 

A  previous  investigation^  had  shown 
that  the  hair  of  persons  and  the  leaves 
of  plants  exposed  to  arsenical  fumes, 
such  as  may  be  generated  during  the 
combustion  of  coal  and  coke,  become 
loaded  with  arsenical  deposits  which  can 
be  detected  by  a  suitable  method  such 
as  the  hydrochloric-copper  method  al- 
ready described.  The  hair  of  persons 
working  in  arsenic  trichloride  plants 
might,  therefore,  be  expected  to  give  an 
indication  of  the  extent  of  their  ex- 
posure. It  appeared  desirable  to  ex- 
amine the  urine  also  in  order  to  ascer- 
tain whether  arsenic  was  absorbed  by 
the  lungs,  skin  and  mucous  membranes, 
and  excreted  by  the  kidneys. 

The  results  recorded  in  Table  5  leave 
no  doubt  as  to  the  serious  extent  to 
which  persons  working  in,  or  in  connec- 
tion with,  arsenic  trichloride  plants  are 
exposed.  Few  of  the  cases  investigated 
show  clear  evidence  of  arsenicism,  and 
where  such  a  state  was  indicated  the 
symptoms  were  generally  slight.  The 
amount  of  arsenic  found  in  the  hair 
bore  a  distinct  relation  to  the  amount  of 
exposure.    The  examination  of  the  hair, 

'Arsenic  in  Modern  Life.  Joiir.  Roy.  San.  Inst.. 
1902,  2S,  244. 


therefore,    supplies    valuable    informa- 
tion. 

Visit  to  Factory.  —  The  plant  in- 
spected consisted  of  six  retorts  witli 
condensers  housed  in  a  shed  open  on  all 
sides.  The  openings  through  which  the 
retorts  were  fed  were  situated  on  a  long 
upper  platform.  Four  of  the  retorts 
were  of  an  old  type,  the  other  two  were 
of  a  new  type  and  there  was  room  on 
the  platform  for  two  more  of  these  new 
type  retorts.  Contiguous  and  parallel 
to  this  upper  platform,  but  at  a  lower 
level,  there  was  another  platform  on 
which  arsenic  trioxide  and  chloride  of 
sodium  were  kept  ready  for  mixing. 
The  retorts  and  furnaces  were  situated 
immediately  below  the  upper  platform 
and  from  the  bottom  of  each  retort  there 
was  a  conduit  taking  the  residue  from 
the  retorts  to  trucks.  On  the  other  side 
of  the  retorts,  raised  slightly  above  the 
ground,  there  was  a  large  tank  used  for 
storing  arsenic  trichloride,  and  close  to 
this  tank  there  were  rows  of  iron  drums 
tilled  with  arsenic  trichloride  ready  for 
shipping. 

The  most  striking-  differenc;^  betwoen 
the  old  and  the  new  retorts  was  in  their 
connection  with  the  condensers.  From 
the  old  retorts  the  products  of  distilla- 
tion rose  first  through  a  tall  vertical 
pipe,  and  were  then  directed  by  a  hori- 
zontal pipe  to  a  lead  coil  cooled  by 
water  contained  in  a  large  tank  situated 
at  the  side  of  the  upper  platform.  The 
condensers  connected  with  t'K  new  re- 
torts were  situated  on  the  upper  plat- 
form, above  the  retort,  and  the  pipe 
bringing  the  volatile  products  to  the 
lead  coil  was  entirely  surrounded  by 
the  condenser.  As  the  products  of  dis- 
tillation issued  from  the  condenser  they 
passed  through  a  small  separating 
chamber  from  which  arsenic  trichloride 
and  hydrochloric  acid  issued  by  sepa- 


DELEPINE— EFFECTS  OF  ARSENIC  TRICHLORIDE 


417 


r    ^ 

32 


M 

1 

1 

ti 
•a 

■5 

i 

1 

5 

S 
S 

1 

111 

^ 

if 

1 

.3 

1 
1 

c 

s 

a 

-+  I   +  +  +  ++  I  ' 


I     ^ 


ge 


igs 


I  I  i: 


u 


418 


THE   JOURNAL   OF   INDUSTRIAL   HYGIENE 


rate  pipes.  The  hydrochloric  acid  was 
conveyed  away  by  a  drain,  and  tlie 
arsenic  trichloride  was  carried  down  a 
pipe  to  a  collecting  pipe  which  emptied 
into  a  large  tank.  A  tap  near  the  bot- 
tom of  this  tank  was  used  to  fill  the  iron 
barrels. 

The  salt  and  the  arsenic  trioxide  were 
mixed  by  men  on  the  mixing  platform 
just  before  being  shovelled  into  the  re- 
torts. The  lid  of  the  charging  hole  of 
the  retort  was  unsealed  just  before  this 
operation,  and  the  fumes  from  the  re- 
tort and  the  dust  from  the  chemicals 
were  carried  down  into  the  retorts  by 
an  induced  downward  draft.  To  pro- 
tect themselves  against  dust,  the  men 
wore  handkerchiefs  over  the  mouth 
and  nose.  Gas  helmets  were  also  avail- 
able. 

At  the  time  of  this  visit,  three  of  the 
retorts  were  working — one  of  the  old 
type  (retort  4)  and  the  two  new  type 
retorts  (5  and  6).  From  these  three 
retorts  a  considerable  amount  of  irri- 
tating fumes  escaped  at  various  places. 
This  was  most  noticeable  in  the  neigh- 
borhood of  the  pipe  rising  from  re- 
tort 4.  It  appeared  also  that  escape 
was  taking  place  through  the  sulphuric 
acid  seals  guarding  a  lateral  valve  and, 
in  all  probability,  some  escaped  also 
from  the  drain  carrying  away  the 
waste  hydrochloric  acid.  A  strong  odor 
was  also  noticeable  in  the  neighborhood 
of  the  storing  tank,  and  more  particu- 
larly near  the  outlet  tap.  Although 
there  was  a  fairly  strong  wind  at  the 
time  of  the  visit,  a  very  distinct  odor, 
which  resembled  that  of  hydrochloric 
acid  but  differed  materially  from  it,  was 
noticeable  in  every  part  of  the  installa- 
tion. This  odor  was  strongest  on  the 
upper  platform  near  the  retorts,  par- 
ticularly near  the  old  retort. 

Three  pairs  of  test  plates  were  ex- 


po.sed  as  follows:  two  plates  at  the 
level  of  the  ground  at  a  distance  of 
about  2  feet  from  one  side  of  the  verti- 
cal pipe  going  to  the  condenser  from  re- 
tort 4,  and  about  3  feet  away  from  the 
charging  hole  of  the  retort;  two  plates 
in  a  corresponding  position  near  retort 
5,  but  at  a  height  of  19  inches;  and  two 
plates  near  retort  6,  in  a  similar  posi- 
tion, but  at  a  height  of  9  inches. 

These  plates  were  left  from  2  p.  m. 
on  December  19,  1917,  until  the  same 
hour  on  December  20.  They  were  then 
replaced  by  three  similar  sets  of  plates 
which  were  left  exposed  in  the  same  way 
for  24  hours  and  taken  up  on  December 
21.  During  each  of  the  exposures  the 
retorts  were  charged  once.  At  the  end  of 
the  exposure,  each  pair  of  plates  was 
carefully  packed  and  forwarded  to  the 
laboratory. 

On  arrival  at  the  laboratory  these 
plates  presented  a  very  striking  ap- 
pearance. The  two  sets  of  plates  which 
had  been  exposed  near  retort  4  were 
thickly  encrusted  with  a  sulphur- 
yellow,  saline-looking  deposit,  which 
could  be  scraped  off  with  difficulty. 
When  water  was  added  the  yellow  color 
diminished  or  disappeared  for  a  short 
time,  and  then  gradually  reappeared. 
On  the  addition  of  potash  the  color 
deepened  and  became  brownish,  and 
after  an  interval  a  brownish-red  pre- 
cipitate separated.  (The  color  was  ap- 
parently due  to  the  presence  of  some 
iron  chloride.) 

The  deposit  on  the  plates  exposed 
near  retort  6  was  much  less  abundant 
than  that  on  the  plates  near  retort  4, 
and  was  not  so  yellow.  The  plates  near 
retort  5  also  had  a  very  distinct  deposit, 
but  this  was  much  less  abundant  than 
that  on  the  plates  exposed  near  retort 
G.  All  these  deposits  were  dissolved  in 
a  dilute  potash  solution  and  the  amount 
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of  arsenic  was  estimated  both  by  the 
iodine  method  and  the  hydrochloric- 
copper  method  with  the  results  shown 
in  Table  6. 

The  differences  between  the  results 
obtained  are  puzzling,  and  are  probably 
due  to  the  fact  that  it  was  found  difficult 


TABLE  6. —TOTAL  ARSENIC  (AS  ARSENIC 
TRIOXIDE)  DEPOSITED  ON  PLATES  13S 
MM.   IN  DIAMETER 

A.     Estimated  hy  Iodine  Metlwd 


Twenty- 
Four-Hour 
Exposure, 
Dec.  19-311 


Twenty- 
Four-Hour 
Exposure, 
Dw  .  2(1-21 


Near  retort  4,  at  level  of  floor 
Near  retort  5,  19  Inches  high 
Near  retort  6,    9    inches  high 


341,000 
G,930 
5,940 


mmg. 

39,G0O 
4,950 
17,820 


B.     Estimated  by  Hydrochloric-Copper  Method, 


Near  retort  4,  at  level  of  floor 
Near  retort  5,  19  inches  high 
Near  retort  6,    9    inches  high 


200,000      180,000 

8,300  4,000 

16,000        50,000 


to  obtain  clear  solutions.  Filtration 
was  obviously  contraindicated.  It  is 
probable  also  that  something  interfered 
with  the  action  of  the  iodine.  The  so- 
lutions were  thoroughly  shaken  to 
equalize  the  distribution  of  any  undis- 
solved parts,  but  this  obviously  was  in- 
sufficient. Two  points  are  clear,  how- 
ever— namely,  that  a  material  amount  of 
arsenic  could  be  obtained  from  the  air 
in  the  neighborhood  of  each  of  the  re- 
torts, and  that  the  air  near  the  old  re- 
tort was  laden  to  a  much  greater  extent 
than  that  near  the  new  retorts. 

Protection   of  Wobkmen   against  Ar- 
senic Trichloride  Fumes 

When  about  1  gm.  of  arsenic  tri- 
chloride, with  a  surface  of  approxi- 
mately 7  cm.  square,  is  allowed  to  evap- 
orate in  20,000  c.c.  of  still,  moderately 
dry  air,  about  0.18  gm.  of  the  fluid  is 


volatilized  during  tha  first  hour,  and 
0.4  gm.  during  the  following  twelve 
hours.  Broadly  speaking,  about  half  of 
the  arsenic  trichloride  is  volatilized 
during  the  first  twelve  hours. 

If  the  precipitate  which  forms  in  the 
air  charged  with  this  vapor  is  collected 
on  test  plates,  the  distribution  of  the 
fumes  can  be  ascertained.  In  one  ex- 
periment 0.25  c.c.  of  arsenic  trichloride 
was  allowed  to  evaporate  in  the  com- 
paratively dry  still  air  of  the  215,000 
c.c.  chamber.  The  fluid  was  placed  at  a 
height  of  20  cm.  above  the  floor  of  the 
chamber.  One  test  plate  was  placed  at 
a  height  of  20  cm.  vertically  above,  and 
another  20  cm.  below  the  arsenic  tri- 
chloride. A  third  plate  was  placed  at  a 
distance  of  50  cm.  from  plate  1  and  at 
the  same  level ;  plate  4  was  placed  at  the 
same  distance  from  plate  2  and  at  the 
same  level.  At  the  end  of  six  and  three- 
quarters  hours  all  the  test  plates  were 
removed.  The  appearance  of  these 
plates  and  the  amount  of  arsenic  re- 
covered from  each  of  them  are  indicated 
in  Table  7. 

After  the  four  test  plates  had  been 
removed,  a  fifth  test  plate  was  fixed  in 
the  chamber  in  the  same  position  as  that 
occupied  previously  by  plate  1.  The 
chamber  was  closed  again,  and  opened 
only  after  an  interval  of  four  days.  At 
the  end  of  that  time  there  had  formed 
on  the  plate  a  thin  crystalline  deposit 
which  also  contained  arsenic.  The 
amount  and  distribution  of  the  deposit 
is  very  much  affected  by  driving  air 
laden  Avith  arsenic  trichloride  through 
suitable  channels,  as  is  shown  by  the  fol- 
lowing experiments  for  which  the  cham- 
ber used  in  the  previous  experiment 
was  employed. 

The  fumes  were  carried  into  the 
chamber  by  a  current  of  air  which  had 
been    passed    over    arsenic    trichloride. 
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This  current  was  admitted  at  one  end  of 
the  chamber  by  a  tube  having  a  sectional 
area  of  about  1  cm.  square.  An  equal 
amount  of  air  was  removed  from  the 
other  end  of  the  chamber  by  a  tube  of 
the  same  diameter.  Test  plates  were 
placed:  (1)  about  10  cm.  below  the  in- 
let pipe;  and  (2)  about  30  em.  vertically 
above  the  inlet  pipe.     After  10,600  c.c. 


the  end  of  sixty-five  minutes  the  deposit 
on  plates  1  and  2  was  very  scanty.  A 
small  number  of  crystalHne  particles 
were  deposited  on  plate  1,  and  a  stiU 
smaller  number  on  plate  2.  The  amount 
of  arsenic  recovered  from  plate  2  was 
198  mmg. — i.e.,  about  one-third  of  the 
amount  which  had  been  recovered  from 
the  plate  in  the  same  position  in  the  first 


TABLE  7.— RESULT  OF  EXPOSirRE  OF  PLATES  IN  ATMOSPHERE  CHARGED  WITH  ARSENIC 

TRICHLORIDE  FUMES 


Position  in  Relati' 
Arsenic  Trichlor 


Appearance  of  Deposit 


By  Reflected  Lijht 


Bv  Transmitted  Light  under  Microscope 


Arstnic  Tri- 
oxide    Recov- 
ered   from 
Each    Plate 


1  20  cm.  vertically  above     opaque  white,  dense  semi-crystalline  granules,  very  abun-      6,400 

dant  and  large 

2  20  cm.  vertically  below      grayish     white,     less  semi-crystalline  granules,   less   abun-      3,200 

dense  dant  than  on  plate  1 

3  20  em.  above  and  50  cm.      whitish  gray  smaller   and  less  abundant   than   on       2,400 

to  one  side  plate  2 

4  20  cm.  below  and  50  cm.      whitish  gray  same  as  plate  3                                            2,400 

t(i  one  side 


of  air  had  passed  through  the  chamber 
in  the  course  of  sixty-five  minutes,  it 
was  found  that  0.42  gm.  of  arsenic  tri- 
chloride had  been  taken  up  by  the  10,600 
c.c.  of  air.  Both  test  plates  were  cov- 
ered with  a  dense  white  deposit,  particu- 
larly plate  1.  The  amount  of  arsenic 
recovered  from  plate  2  was  544  mmg. 

The  inlet  pipe  which  was  turned  up- 
ward was  now  partly  covered  with  a 
ventilating  hood  formed  by  a  glass 
cylinder  3  cm.  in  diameter  connected  by 
four  tubes  with  the  outlet  tube,  so  that 
the  air  charged  with  arsenic  trichloride 
was  thrown  into  the  hood-like  cylinder 
instead  of  being  admitted  freely  into  the 
chamber.  In  every  other  respect  the 
experiment  was  conducted  exactly  in 
the  same  way  as  the  previous  one — i.e.. 
10,600  c.c.  of  air  charged  with  arsenic 
trichloride  were  carried  into  the  cham- 
ber and  an  equal  amount  withdrawn 
through  the  four  ventilating  tubes.    At 


experiment.  This  experiment  was  re- 
peated with  a  current  of  air  dried  over 
sulphuric  acid,  with  a  similar  result. 

A  considerable  amount  of  fumes  had, 
therefore,  been  removed  by  the  ventila- 
ting tube,  but  as  the  cylinder  which 
served  as  a  hood  was  freely  open  at  the 
bottom,  some  heavier  parts  of  the  fumes 
had  not  been  carried  away.  The 
velocity  of  the  air  passing  through  the 
ventilating  hood  was  only  about  23  cm. 
per  minute. 

These  preliminary  experiments 
showed  that,  in  order  to  prevent  the 
passage  of  arsenic  trichloride  into  the 
air,  a  ventilating  hood  open  at  the  bot- 
tom, though  useful,  was  not  sufficient. 
The  tendency  which  the  greater  part  of 
the  fumes  have  to  rise  even  when  helped 
by  an  ascending  draft  of  moderate 
velocity  is  not  sufficient  to  prevent  the 
contamination  of  the  air  by  the  fumes 
wliich  have  a  tendency  to  take  a  down- 
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ward  direction.  Although  it  seemed 
probable  that  this  difficulty  could  be 
overcome  by  having  resort  to  a  draft  of 
greater  velocity,  it  appeared  desirable 
to  devise  a  less  expensive  method. 

With  this  object,  the  apparatus  shown 
in  Figure  7  B  was  constructed.  This 
consisted  of  a  bell  jar  22,000  c.c.  in  ca- 
pacity, in  which  was  suspended  a  glass 


Fig.  7A. — Bell  jar  arranged  for  studying  pro- 
•duction  and  removal  of  ar^5euic  tricliloriile  tumes. 
(Scale  1  to  13.) 

1  — baf-e  glass  plates.  One  of  plates  has  onlv  one 
central  hole  2;  the  other  plate  has  two  holes. 
(In  diagram  A  the  three  holes  have  been  repre- 
sented d'M'TauiniMticnlly  a-^  in  o'l"  iiUiti'.  i  "_'  =  cfii- 
tral  opening  closed  liy  cork  holding  small  cup  5 
containing  arsenic  trichloride.  This  may  be  re- 
placed after  a  short  time  by  a  similar  cork  with 
a  small  cup  containing  water,  ammonia,  or  other 
chemicals.  Ty  and  5"  — two  cups  u-scd  in  expeii- 
men^s  ;n  which  arsenic  tr'chlor'de  find  sonip  other 
products  were  exposed  simultaneously.  A,  B,  and 
C— test   plates. 

B.  Arrangement  adopted  in  ventilation  experi- 
ments. 0— capsule  coucaiuing  ar  e.iic  tricnKUide 
resting  on  bottom  of  outer  cylinder.  7=lnner 
cylinder  actin?  as  vpntilatin":  hood.  8=outlet  tube 
connected  with  aspirating  flask. 

cylinder,  7,  serving  as  ventilating  hood 
open  at  its  lower  end  and  connected 
at  its  upper  end  with  an  outlet  or 
ventilating  tube.  The  vessel  contain- 
ing arsenic  trichloride,  6,  was  placed  at 
the  mouth  of  this  ventilating  hood  in  the 
bottom  of  a  cylindrical  vessel  of  larger 
diameter  than  cylinder  7;  the  lower  end 
of  this  external  vessel  was  closed  and  its 


sides  rose  about  halfway  up  the  ven- 
tilating hood  which  was,  therefore,  sur- 
rounded by  an  outer  cylinder,  the  mouth 
of  which  was  directed  upward,  so  that 
when  a  current  of  air  passed  from  the 
large  chamber  to  the  outlet  tubes  it  was 
forced  first  to  flow  do\vnward  toward 
the  mouth  of  the  hood  ascending 
through  the  hood  itself. 

The  following  experiment  was  made 
with  this  apparatus : 

After  about  1.5  gm.  of  arsenic  tri- 
chloride had  been  dropped  into  capsule 
6  through  tube  8,  the  tube  was  connected 
immediately  with  an  aspirator  and  air 
was  made  to  pass  through  the  system 
at  the  rate  of  500  c.c.  per  minute.  Some 
ammonia  was  then  introduced  through 
opening  2  in  the  bell  jar.  Almost  im- 
mediately dense  white  fumes  were  ob- 
served in  the  hood  (cylinder  7)  and  in 
the  outlet  tube,  as  well  as  in  the  lower 
part  of  the  outer  cylinder  guarding  the 
mouth  of  the  hood.  The  air  of  the  jar 
remained  quite  clear,  and  the  test  plates 
A  and  B  remained  bright  and  apparent- 
ly free  from  deposit. 

When  the  jar  was  opened  at  the  end 
of  twenty  minutes  the  test  plates  ex- 
amined under  the  microscope  appeared 
to  be  free  from  deposit,  but  a  distinct 
trace  of  arsenic  was  detected  on  chemical 
analysis  of  the  washings  of  the  plates. 

Fresh  test  plates  were  then  intro- 
duced under  the  bell  jar,  and  the  ven- 
tilating apparatus  was  disconnected 
from  the  aspirator,  and  the  chaml;er  left 
unventilated  for  twenty  minutes.  At 
the  end  of  this  time  the  test  plates  were 
found  to  be  covered  with  a  scanty  white 
deposit  and  their  washings  contained 
178  mmg.  of  arsenic  (as  arsenic  tri- 
oxide). 

As  these  results  were  not  quite  satis- 
factory, it  appeared  desirable  to  take 
advantage   of  the  action  which  water, 
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or  water  vapor,  has  upon  arsenic  tri- 
chloride. In  order  to  do  this  the  bottom 
of  the  outer  cylinder  was  covered  with  a 
thin  layer  of  water  over  which  the  air 
admitted  to  the  hood  7  was  forced  to 
pass.  The  ventilating  tube  outlet  8  was 
then  connected  with  a  water  pump,  and 
the  amount  of  air  passing  through  the 
chamber  and  the  hood  measured  by 
means  of  a  gas-meter.  As  in  the  pre- 
vious experiments,  test  plates  were 
placed  below  and  at  the  side  of  the  hood 
covering  the  arsenic  trichloride.  The  ex- 
periment lasted  three  hours  and  four- 
teen minutes,  during  which  time  244,000 
c.c.  of  air  passed  through  the  ventilat- 
ing apparatus,  or  on  an  average  1,250 
c.c.  per  minute.  The  area  of  the  space 
between  the  inner  and  outer  cylinders 
being  7.8  cm.  square,  the  velocity  of  the 
air  entering  the  hood  was  about  160 
cm.  per  minute.  The  temperature  of 
the  air  was  16°C.  The  amount  of 
arsenic  trichloride  evaporated  was  about 
0.4  gm.  At  the  end  of  the  experiment 
the  test  plates  were  quite  clear  and  their 
washings  contained  no  appreciable 
amount  of  arsenic. 

For  control  purposes  test  plates  were 
exposed  in  the  same  chamber,  after  the 
hood  had  been  lifted  several  inches 
above  the  arsenic  trichloride,  and  after 
the  lower  cylinder  with  the  thin  layer 
of  water  at  the  bottom  had  been  re- 
moved from  under  the  arsenic  tri- 
chloride and  placed  at  some  distance 
from  it.  After  these  alterations  a  cur- 
rent of  air  was  made  to  pass  through 
the  chamber  for  two  hours  at  the  same 
rate  as  before.  (This  was  discontinued 
during  the  third  hour.)  After  three 
hours'  exposure  in  the  chamber  there 
was  a  distinct  deposit  on  the  plates,  the 
washings  of  which  yielded  360  mmg.  of 
arsenic. 
This    last    experiment     shows    how 


arsenic  trichloride  fumes  can  be  pre- 
vented from  contaminating  the  air 
around  retorts,  conduits,  tanks,  etc. 
At  the  same  time,  special  ventilatiui;- 
arrangements  are  needed  to  remove 
fumes  which  arise  when  arsenic  tri- 
chloride is  necessarily  exposed  to  the  air 
in  the  filling  of  drums  or  the  sampling 
of  their  contents.  Air  containing  fumes 
so  removed  could  be  purified  by  a  fine 
water  spray  before  being  discharged  in 
the  atmosphere.  All  persons  employed 
on  this  work  should  wear  some  imper- 
■^dous  general  clothing,  and  only  experi- 
ence can  show  whether  they  should  not 
also  wear  suitable  gas  masks. 

Some  Effects  of  Personal  Accidental 

EXPOSITEE    to    AeSENIC    TRICHLOEmE 

The  experimenters  sustained  acci- 
dental local  and  general  exposure  in  the 
laboratory  and  when  visiting  the  works 
in  the  course  of  this  inquiry.  On  two 
occasions  small  necrotic  lesions  of  the 
epidermis  were  experienced,  which  re- 
sembled those  obtained  experimentally 
with  animals. 

Exposure  to  fumes  was  followed  by 
pharyngeal  and  laryngeal  irritation, 
headache,  giddiness,  nausea  alternating 
with  feelings  of  excessive  hunger  (gas- 
trie  irritation),  abdominal  discomfort, 
pains  in  the  thighs,  legs  and  feet,  and 
edema  of  the  feet.  At  the  same  time 
the  urine,  which  normally  contained  as 
a  maximum  5  mmg.  of  arsenic  trioxide 
per  100  c.c,  was  found  to  contain  20 
mmg. 

These  personal  experiences  con- 
firmed the  results  of  the  experiments 
and  assisted  in  their  interpretation. 

Summary 

A  worker  employed  in  the  manufac- 
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ture  of  arsenic  tiichloride,  upon  whose 
leg  this  chemical  was  spilled,  died  of 
acute  arsenicism;  and  others  so  em- 
ployed were  fonud  to  be  exposed  to  risk 
of  poisoning. 

The  hydrochloric-copper  and  the 
iodine  volumetric  methods  of  estimat- 
ing the  presence  of  arsenic,  which  were 
used  in  this  inquiry,  are  described. 
Arsenic  was  found  in  the  hair  and  urine 
of  persons  and  animals  exposed  to 
arsenic  trichloride  fumes. 

Inunction  and  inhalation  experiments 
on  animals  are  described.  In  both 
series  of  experiments  death  due  to  ar- 
senical poisoning  followed. 


Water  vapor  was  found  to  decompose 
arsenic  trichloride,  forming  a  light  pre- 
cipitate of  oxYchloride. 

The  air  of  places  where  arsenic  tri- 
chloride was  prepared  or  handled  was 
found  to  contain  arsenic  compounds, 
and  arsenic  was  found  in  the  hair  and 
urine  of  men  employed. 

Risk  of  poisoning  can  be  avoided  by 
providing  with  a  water  seal  all  places 
from  which  arsenic  trichloride  can 
possibly  escape. 

The  experimenters  themselves  expe- 
rienced local  and  general  symptoms  of 
poisoning  during  the  inquiry. 
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TUBEECULOSIS  AND   THE  COilMUNITT.     By  JoTin  B. 

Hawes,  2d,  M.D.,  Directoi-.  Clinic  for  Pulmonary 
Diseases,  and  Assistant  Visiting  Physician,  Mas- 
sachusetts General  Hospital;  Instructor,  Graduate 
School  of  Medicine,  Harvard  University ;  Con- 
sultant in  Diseases  of  the  Lungs,  New  England 
District  U.  S.  Veterans'  Bureau ;  President,  Boston 
Tuberculosis  Association ;  Member,  National  Tu- 
berculosis Association,  Massachusetts  Tuberculosis 
League,  etc.  Cloth.  Pp.  168  with  preface  and 
index.  Philadelphia  and  New  York :  Lea  &  Febi- 
ger,  1922. 


This  monograph  deals  with  the  problem 
of  tuberculosis  as  it  affects  the  whole  com- 
miiuity,  rather  than  with  tuberculous  disease 
in  the  individual.  It  is  written  in  a  clear, 
simple,  forceful  style  and  in  language  readily 
intelligible  to  the  layman  interested  in  tuber- 
culosis as  a  social  problem.  The  brevity  of 
the  monograph,  its  clear  presentation  of  sci- 
entific facts,  and  its  readable  character  make 
it  a  useful  book  for  teachers  of  hygiene  to 
recommend  to  their  students. 

Chapters  are  devoted  to  the  frequency,  the 
transmission,  and  the  cost  of  tuberculosis ; 
to  the  care  of  consumptives;  to  tuberculosis 
and  its  relation  to  schools  and  schoolchildren , 
to  tuberculosis  and  housing ;  to  tuberculosis 
and  occupations ;  to  the  careless  and  incor- 
rigible consumptive ;  to  the  tuberculosis  pro- 
gram for  small  cities  and  towns;  and  to  the 
present  needs  of  the  tuberculosis  campaigns, 
— Katherine  R.  Drinker. 


Public  Relief  of  Sickness.  By  Oerald  Morgan. 
Cloth.  Pp.  195  with  index.  New  York:  The 
Macmillan  Company,  1922. 

This  book  is  perhaps  not  intended  for  the 
general  public  nor  even  for  the  medical  pro- 
fession as  a  whole;  but  rather  for  thinking 
citizens  of  all  classes  who  can  believe  that 
it  is  possible  by  legislative  measures  to  abol- 
ish the  1  overty  arising  from  disabling  illness, 
and  to  provide  adequate  medical  care.  It  is 
simply  and  thoughtfully  written,  and  lucid 
in  outline  and  development. 

The  author's  thesis  is  that  heretofore  legis- 
lation has  been  more  or  less  unsuccessful, 
because  of  the  attempts  to  cover  cash  benefits 
and  medical  treatment  by  a  single  legislative 
proposal.  He  begins  with  a  discussion  of  the 
complex  relation  between  sickness  and  pov- 
erty, and,  quoting  conservatively  from  the 
Report  of  the  Health  Insurance  Commission 
of  the  State  of  Illinois,  shows  that  roughly 
25  per  cent,  of  social  degradation  is  due  to 
illness  among  the  workers  whose  income  is 
on  the  edge  of  the  deficiency  limits.  In  the 
next  chapter  he  considers  the  opportunity 
for  satisfactory  medical  treatment  available 
to  the  person  of  moderate  means,  and  he  finds 
that  it  is  very  rare  except  in  the  large  cen- 
ters. Only  in  the  pay  clinics  with  paid  per- 
sonnel is  it  satisfactory  with  regard  to  the 
specialties  and  to  self-respecting  relations 
between  patient  and  physician.     The  amount 
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of  insurance  against  illness  in  this  country 
is  insufficient  and  limited  to  fraternal  orders. 
to  workmen's  societies  of  unions  or  foreign 
groups,  or  to  establishment  (factory)  funds. 
It  is  rarely  carried  with  commercial  carrier. 

The  author  shows  how  solution  of  the  prob- 
lem has  been  attempted:  first,  in  Denmark 
by  state  encouragement  and  subsidy  of  vol- 
untary associations  which  now  include  30  per 
cent,  of  the  population.  In  an  endeavor  to  ex- 
tend this  service,  however,  the  dues  have  been 
made  so  low  as  to  allow  only  meager  sick 
benefit  payments  and  limited  medical  service. 
In  Germany  the  compulsory  insurance  is  ad- 
ministered by  local  funds  paid  partly  by  the 
employer  and  partly  by  the  employee,  but 
in  poorer  communities  where  wages  are  low 
medical  service  and  benefit  payments  are 
small.  There  have  been  many  doctors' 
strikes.  The  benefits  paid  are  half  the  week- 
ly wage;  and  for  the  poor  this  is  inadequate. 
There  is  no  medical  service  to  the  families 
of  the  insured. 

The  English  system  is  a  compromise  be- 
tween older  workmen's  societies,  Poor  Laws 
of  Relief,  government,  and  medical  interest. 
It  is  administered  by  two  forms  of  organiza- 
tion ;  the  first  cares  for  the  cash  benefits,  the 
other  for  medical  treatment.  The  expense 
is  shared  by  workman,  employer,  and  gov- 
ernment. Cash  benefits  are  the  same  for  all 
wen  but  for  women  they  are  .somewhat  lower. 
Medical  benefits  are  provided  without  cost 
to  the  worker.  The  panel  doctor  is  paid  per 
capita,  and  hasty  work  is  encouraged.     No 


allowance  is  made  for  special  examination 
or  treatment. 

In  the  author's  opinion  all  the  above  at- 
tempts fail  by  trying  to  include  cash  relief 
and  medical  aid  in  a  single  legislative  meas- 
ure. It  is  possible  to  calculate  the  amount 
of  cash  required  for  benefits  in  a  large  group 
by  means  of  life  insurance  actuarial  tables; 
but  the  cost  of  sickness,  with  constantly 
changing  medical  technic,  cannot  be  calcu- 
lated. 

In  New  York,  legislation  was  proposed 
which  would  provide  cash  and  medical  care 
to  all,  except  agricultural  and  domestic 
workers.  This  was  based  on  a  maximum 
wage  of  $12,  which  is  very  low ;  but  it  less- 
ened the  burden  of  the  low  wage  earner  by 
throwing  the  full  cost  of  insurance  on  the 
employer  who  paid  less  than  $5  per  week. 
The  system  was  to  be  administered  by  Asso- 
ciations (Funds)  composed  of  and  managed 
by  employers  and  their  employees,  under 
state  supervision.  Medical  care  was  includ- 
ed. It  is  the  author's  opinion  that  by  elim- 
inating the  medical  benefits  altogether,  cash 
benefits  could  be  raised  to  an  adequate 
amount  without  extra  expense — the  cost  to 
be  about  1  1/3  per  cent,  of  total  wages. 

Medical  care  should,  then,  be  provided  by 
health  centers  with  paid  staff  and  workers. 
Where  localities  are  unable  to  finance  these 
themselves,  the  state  should  aid  them;  but 
these  centers  would  be  the  property  of  the 
community  and  would  furnish  scientific  medi- 
cal care  to  all  classes  of  taxpayers  at  a  rea- 
sonable price. — J.  17.  S.  Brady. 
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THE  subject  of  industrial  medicine 
has  come  to  the  front  more  and 
more  during  the  past  few  years.  This  is 
not  without  reason  when  one  considers 
the  enormous  number  of  patients  suffer- 
ing from  some  physical  disturbance 
brought  on  by  their  occupation;  and  in 
no  part  of  the  field  is  this  more  com- 
monly noted  than  in  connection  Avith  dis- 
eases of  the  skin.  According  to  Knowles 
industrial  dermatoses  constitute  one- 
sixth  of  the  total  number  of  diseases  of 
the  skin;  Hazen  gives  the  figure  as  one- 
fifth,  Oppenheim  as  four-eighteenths, 
and  Prosser  White  (1)  as  one-fourth. 
In  a  recent  lecture  before  the  Harvard 
Medical  School,  White  (2)  spoke  of  at 
least  forty-six  different  diseases  of  the 
skin  that  are  well  knowm  among  approx- 
imately 120  different  occupations ;  and 
Ormsby  (3),  after  inspecting  several 
plants  where  binding  twine  is  manufac- 
tured, found  that  about  25  per  cent,  of 
the  workmen  were  affected  with  derma- 

*Read  at  the  joint  meeting  of  the  Industrial 
Hygiene  Section  of  the  American  Public  Health 
Association  and  the  Ohio  Association  of  Industrial 
Physicians,  Oct.  IS,  1922.  Kecelved  for  publication 
Oct.  21,  1922. 


toses  due  to  their  occupation.  In  fact, 
an  investigation  of  industrial  establish- 
ments in  general  would  reveal  an 
astounding  amount  of  occupational  sldn 
disease. 

Since  skin  affections  are  so  common, 
it  will  be  of  value  to  us  to  look,  for  a 
moment,  into  the  subject  of  their  etiol- 
ogy. Many  different  classifications  have 
been  used  in  considei'iag  these  affections, 
but  we  laiow  of  none  that  is  any  simpler 
or  any  more  comprehensive  than  that 
suggested  by  Pusey,  who  groups  these 
diseases  according  to  their  predisposing 
causes  and  their  exciting  causes. 

There  is  no  question  that  personal 
susceptibility  has  something  to  do  with 
the  dermatitides  seen  in  persons  carry- 
ing on  certain  types  of  occupations.  Why 
one  gardener  is  poisoned  by  the  prim- 
rose and  another  is  not ;  or  why  one  per- 
son has  a  dermatitis  from  working  with 
rosewood,  while  another  person  has  no 
ill  effects,  is  difficult  to  explain.  To  a 
large  extent  we  must  explain  it  as  a  case 
of  personal  susceptibility  or,  perhaps,  a 
type  of  anaphylaxis.  It  is  certainly  true 
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that  once  a  persou  has  been  poisoned 
by  a  particular  substance  his  suscepti- 
bility to  it  is  undoubtedly  increased.  It 
has  been  noticed  that  workers  who  have 
once  been  sensitized  to  satinwood  almost 
have  an  anaphylactic  shock,  not  only  of 
the  skin  but  of  the  entire  system,  if  they 
even  enter  the  room  where  tliis  wood  is 
being  worked.  We  have  all  heard  of 
people  who  are  susceptible  to  such  sub- 
stances as  buckwheat  flour.  Is  not  the 
personal  susceptibility  of  industrial 
workers  much  the  same? 

In  addition  to  personal  susceptibility, 
however,  there  are  certain  other  predis- 
posing causes  which  must  be  mentioned. 
Why  is  it  that  the  colored  man  is  so  free 
from  industrial  dermatoses,  in  compar- 
ison with  the  white  man!  Is  it  due  to 
the  fact  that  his  skin  is  more  oily,  and 
consequently  gives  him  better  protec- 
tion? This  is  undoubtedly  true,  and  it 
may  also  explain,  to  a  certain  extent, 
why  the  person  with  a  dry  skin  is  so 
much  more  susceptible  to  industrial  der- 
matoses than  is  the  person  with  an  oily 
skin.  The  brunette,  whose  skin  ap- 
proaches more  nearly  that  of  the  negro, 
is  probably  less  susceptible  than  the 
blond.  Again  we  find  that  in  certain 
industries  the  old  person  or  the  person 
Avith  the  senile  type  of  sldn  suffers  more 
from  skin  affections  than  does  the  youth- 
ful person.  This  is  probably  due  to  lack 
of  oil  in  the  sldn,  and  we  feel  quite  free 
in  saying  that  in  many  instances  this 
predisposing  cause,  together  with  per- 
sonal susceptibility,  has  a  great  deal  to 
do  with  the  dermatoses  seen  in  the  aver- 
age industrial  plant. 

All  dermatoses  cannot  be  explained 
in  this  way,  however,  and  other  reasons 
for  their  presence,  such  as  the  exciting 
causes,  must  '^e  sought.  It  is  a  well- 
known  fact  that  leprosy  is  a  disease  of 
the  tropics,  and  is  exceedingly  uncom- 


FiG.  1. — Case  of  hypersusceptibility.  iu  a  farmer, 
to  horse  dandruff. 

mon  in  the  average  locality  in  the  tem- 
perate zone.  This  applies  also  to  a 
number  of  other  diseases.  There  is  no 
question  that  the  climate  has  some  effect, 
especially  in  producing  the  dermatoses 
which  are  excited  in  part  by  excessive 
perspiration.  This  brings  up  the  sub- 
ject of  temperature,  which  is  closely 
allied  to  climate  as  an  exciting  cause. 
During  the  war  we  heard  of  the  trench 
feet  of  the  soldiers,  a  disease  undoubt- 
edly due  to  deficient  circulation  and  to 
the  cold.  Among  men  exposed  to  the 
heat  of  a  furnace  in  their  daily  work, 
also,  there  frequently  occurs  an  ery- 
thematous dermatitis  on  the  exposed 
parts  of  the  body. 

Mechanical  pressure  likewise  is  the 
cause  of  many  trade  skin  changes,  such 
as  the  hygromata  of  tailors  and  carpen- 
lors,  the  "beat"  knee  of  the  collier,  and 
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the  "beat"  hand  of  the  miner. 

Parasites  may  also  be  the  exciting- 
cause  of  puzzling  complaints  in  indus- 
trial workers.  Legge  (4)  describes  a 
dermatitis  of  the  hands  and  exposed 
parts  of  the  body,  gradually  spreading 


Fig.  2. — Derinatdcdniosis.  from  metallic  dust,  in 
a  worker  eogaged  in  filling  boxes  with  taclis.  One 
week  after  stopping  work,  the  back  was  practi- 
cally well. 

over  the  entire  body,  seen  in  packers  in 
some  tile  plants  in  California.  Careful 
examination  of  the  straw  in  which  the 
worlauen  packed  the  tile  revealed  the 
fact  that  it  was  infested  with  pedicu- 
loides  ventricosus.  Elimination  of  these 
organisms  from  the  straw  caused  the 
entire  disappearance  of  the  dermatoses. 
Numerous  other  examples  of  inflamma- 
tions of  the  skin  due  to  parasites  might 
be  mentioned. 

Again,  many  of  these  conditions  may 
be  explained  from  a  purely  mechanical 
standpoint.  Skin  affections  of  this  land 
we  term  dermatoconioses.  -They  are 
frequent  among  persons  working  with 
powders  of  different  types,  especially 
finely  divided  powders.  As  examples, 
we  may  cite  workers  in  zinc  oxide  pow- 
ders, as  in  a  groiip  recently  reported  by 
Turner  (5),  and  workers  with  pyreth- 
rum,  iron  ore  dust,  and  copper  dust. 
The  particles  of  powder  which  are  float- 


ing about  in  the  air,  alight  on  the  skin 
and  clog  the  pores  of  the  sebaceous  and 
sweat  glands.  This  irritates  the  skin 
and  then  secondary  infections  set  in. 

We  have  recently  seen  a  patient  with 
a  generalized  follicular  eruption  on  the 
exposed  parts  of  the  body  who  stated 
that  her  sole  task  was  to  fill  paper  boxes 
with  tacks  from  an  automatic  machine. 
She  said  that  there  was  no  oil  in  her 
work  but  that  there  was  a  great  deal  of 
fine    metallic    dust    flying    around    and 


Fid.  .3. — Keratoses  in  a  carbon  worker.  This 
patient  has  not  worked  with  carbon  for  twenty 
years.  Several  areas  have  nndergone  malignant 
change. 

alighting  on  her  skin.  This  was  clearly 
a  case  of  dermatoconiosis.  Undoubtedly 
some  of  the  skin  affections  seen  in  work- 
ers wdth  tar  and  carbon  can  be  explained 
in  the  same  way. 

During  the  war  many  cases  of  trini- 
trotoluene dermatitis  were  observed. 
The  condition  was  due  primarily  to  the 
fact  that  the  pores  of  the  skin  became 
clogged  with  the  powder,  and  sec- 
ondarily  to  the  fact  that   the   powder 
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was  covered  with  minute,  sharp,  spic- 
ules which  seemed  to  irritate  the  skin. 
This  type  of  dermatitis  lias  been  care- 
fully studied  and  reported  on  by  Prosser 
White  (1)  (6)  and  others.  Many  of  the 
cutaneous  affections  seen  in  candy  work- 
ers, workers  in  flour  mills,  and  grocers 
are  of  the  same  etiological  group. 


use;  moreover,  the  workers  expecto- 
rated into  them,  and  otherwise  contam- 
inated them,  so  that  they  became  loaded 
with  bacteria  which  would  infect  the 
skin  of  the  workmen,  especially  if  they 
had  any  open  skin  lesions  due  to  flying 
particles  of  metal,  etc.  Shie  checked  up 
his  work  carefully  from  a  bacteriolog- 


-Chrouic-  derniarit 

There  is  no  class  of  industrial  skin 
diseases  in  which  the  mechanical  theor\ 
of  the  exciting  cause  plays  a  more  im 
portant  part  than  in  the  class  of  derma ^ 
toses  resulting  from  the  use  of  cutting 
oils.  In  order  to  minimize  the  heat  from 
friction  in  the  use  of  high  speed  metal 
cutting  machines  in  industry  various 
combinations  of  oils  and  lubricants  have 
been  devised.  They  contain  animal  and 
vegetable  oils,  free  fatty  acids,  so-called 
sulphonated  oil  (which  is  oil  treated 
with  sulphuric  acid),  etc.  As  an  eco- 
nomic measure  it  has  been  the  custom 
in  industrial  plants  to  use  these  oils  over 
and  over,  with  the  result  that  sooner  or 
later  the  skins  of  many  of  the  workmen 
become  severely  iuflanied  and  infected. 

This  subject  has  been  carefully  stud- 
ied for  many  years.  One  of  the  best  of 
the  early  contributions  on  the  subject 
was  by  Shie  (7).  He  concluded  that  the 
cutting  oils  used  among  lathe  workers 
became  secondarily  infected  by  repeated 


I'll.,  o. — Geueralizud  grocur's  ik-nnatitis. 

ical  standpoint.  He  also  found  that  in 
the  plant  which  he  studied  the  wounds 
were  reduced  from  5  per  cent,  to  less 
than  0.5  per  cent,  by  treating  the  oils 
with  a  combination  of  heat  and  chemical 
disinfectant.  His  findings  have  been 
reviewed  by  the  Houghton  Research 
Staff  (8)  and  by  Page  and  Bushnell 
(9).  AIcLachlan  (10)  has  recently  pub- 
li.shed  an  independent  study  on  the 
same  subject,  in  which  he  corroborates 
Sliie's  findings,  and  in  addition  lays 
stress  on  the  presence  of  free  fatty  acids 
in  the  cutting  oils,  and  on  personal  and 
occupational  hygiene. 

Perhaps  the  recent  investigation   of 
:\lcConnell  (11)  is  the  best  that  has  thus 
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fai'  been  made.  Under  the  auspices  of 
the  United  States  Public  Health  Service 
he  made  a  study  of  the  larger  plants  in 
Chicago,  Minneapolis,  and  St.  Paul,  in 
order  to  ascertain  the  exact  causes  of 
the  dermatoses  due  to  the  use  of  oils  and 
lubricating  compounds.  In  his  investi- 
gation he  found  that  among  2,060  work- 


FlG.  6. — Duiiiiatilis  cif  till'  hands  in 


mdv  wiirker. 


ers  27  per  cent,  had  a  dermatitis  char- 
acteristic of  this  type  of  work.  The 
most  frequent  symptom  was  the  pres- 
ence of  an  affection  known  as  "oil 
acne,"  appearing  primarily  as  come- 
dones at  the  orifices  of  the  hair  follicles 
and  seen  especially  on  the  exposed  parts 
of  the  body  and  over  the  thighs  where 
the  oil  from  saturated  clothing  comes 
into  intimate  contact  with  the  skin.  This 
eruption  is  usually  accompanied  by  se- 
vere itching,  and  there  may  be  sec- 
ondary infections  resulting  in  large 
furuncles  and  abscesses.  As  a  result 
of  his  investigation  McConnell  came  to 
the  conclusion  that  while  it  was  true 
that  infection  might  have  something  to 


do  with  these  dermatoses;  that  while  it 
Avas  true  that  the  free  fatty  acid  and 
free  sulphuric  acid  present  in  the  cut- 
ting oils  and  lubricants  might  irritate 
the  skin  to  a  certain  extent;  and  that 
while  it  was  also  true  that  the  pickling 
compounds  present  on  the  metals  to  be 
worked  might  irritate  the  skin  of  the 


Fir..  7. — Oil  dermatitis  of  tlio  liaiul.  Patient 
worlds  at  an  oil  temijering  liatli. 

workmen;  yet,  in  his  estimation,  the 
mechanical  theory  alone  was  sufficient 
to  explain  the  presence  of  most  of  the 
lesions.  He  found  that  the  affection  was 
more  frequent  in  persons  with  dry  skins, 
and  that  in  these  persons  it  was  caused 
by  the  mechanical  obstruction  of  the 
sebaceous  ducts.  These  findings  apply 
likewise  to  his  report  on  the  dermatoses 
found  among  printers   (12). 

It  is  true  that  many  of  the  industrial 
dermatoses  can  be  explained  from  the 
mechanical  standpoint,  yet  many  of 
them  must  be  considered  from  the  chem- 
ical standpoint  as  well.  As  instances, 
may  be  cited  the  dermatoses  among 
Avorkers  with  lacquer,  which  is  made 
from  Japanese  and  Chinese  rhus ;  among 
leather  woi'kers,  who  come  into  contact 
with  arsenic,  hydrochloric  acid  and 
potassium  dichromate;  among  painters 
using  methyl  alcohol,  Avith  its  poisonous 
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pyridine;  and  among  paper-hangers 
who  come  into  contact  with  aniline  dyes. 
In  this  section  of  the  United  States  we 
see  many  employees  of  rubber  plants 
working  with  such  iioisonous  aniline 
derivatives  as  para-phenylenediamine 
and  thiocarbanilide,  and  A\ith  formic 
acid  and  formaldehyde,  decomposition 
products  of  hexamethylenetetramine.  In 
these  industries  the  dermatoses  are  due 
partly,  at  least,  to  the  action  of  the  chem- 
ical irritant.  Personal  susceptibility 
may,  however,  be  a  contributory  cause. 
Among  nurses  and  physicians  there  oc- 
cur numerous  instances  of  still  another 
type  of  chemical  irritation,  in  which, 
also,  personal  susceptibility  plays  a 
part.  We  refer  to  the  erythematous 
dermatoses  seen  so  frequently  on  the 
hands  of  nurses  and  physicians  as  a 
result  of  using  bichloride  of  mercury, 
iodine,  and  various  chlorine  prepara- 
tions. 

McConnell  and  others  have  found  that 
in  many  instances  there  is  still  another 
thing  to  be  considered  as  an  etiological 
factor  in  industrial  dermatoses — name- 
ly, the  fact  that  often  Avorkers  use  such 
strong  soaps  and  such  harsh  stiff  brush- 
es to  remove  the  oils,  dyes,  metallic 
dust,  etc.,  that  they  injure  their  skins. 

No  paper  on  industrial  dermatoses 
today  would  be  complete  unless  it  in- 
cluded reference  to  the  dermatitis  seen 
in  physicians  and  X-ray  workers.  De- 
spite a  great  deal  of  educational  prop- 
aganda Ave  still  see  X-ray  equipments 
installed  Avith  inadequate  facilities  for 
the  protection  of  the  operator.  Prob- 
ably in  the  next  fcAV  years  Ave  shall  see 
oven  more  damage  done  by  radium.  The 
writers  are  personally  acquainted  Avith 
several  physicians  and  radium  Avorkors 
Avho  have  been  irreparably  injured  by 
exposure  to  these  elements.  "We  belieA'e 
that  there  slu)uld  be  stringent  laAvs  for 


the  protection  of  AA'orkers  Avith  X-rays^ 
especially,  and  also,  if  possible,  for  the 
protection  of  workers  Avith  radium. 

Finally,  there  is  still  one  other  group 
of  causatiA'e  factors  in  connection  Avith 
industrial  dermatoses — ^namely,  the  bac- 
terial group.  As  examples  of  skin  dis- 
eases of  bacterial  origin  we  may  men- 
tion anthrax,  AA'hich  occurs  among  work- 
ers with  leather  and  AA^th  brushes,  and 
mycotic  diseases,'  such  as  blastomycosis 
and  sporotrichosis,  which  are  fairly 
common  in  the  meat  packing  industry. 

In  fact,  if  Ave  look  OA^er  the  entire  sub- 
ject of  industrial  medicine,  we  find  that 
industrial  dermatoses  and  their  causes 
are  innumerable.  The  symptoms  are 
likeAvise  numerous,  though  as  a  rule 
they  are  not  so  numerous  that  they  can- 
not be  quite  readily  diagnosed.  The 
patient  generally  gives  a  history  of  their 
acute  onset,  especially  of  their  appear- 
ance soon  after  he  has  started  a  certain 
occupation,  but  not  infrequently  of  their 
appearance  after  he  has  worked  at  the 
same  occupation  for  some  time.  Wliy 
a  man  can  Avork  with  a  certain  type  of 
Avood,  for  example,  for  several  months 
Avithout  displaying  any  symptoms,  and 
then  suddenly  shoAV  symptoms  of  acute 
poisoning  of  the  skin,  is  diiEcult  to  ex- 
plain. NeA'ertheless,  instances  of  this 
type  are  not  uncommon. 

The  lesions  of  industrial  dermatoses 
are  usually  sharply  limited  to  the  ex- 
posed parts  of  the  body,  and  this  fact 
is  of  assistance  in  the  diagnosis.  Some- 
times in  persons  haAdng  the  condition 
for  a  long  time,  however,  the  lesions 
may  become  more  generally  distributed. 
In  persons  Avorking  AAdth  oils,  the  trou- 
sers, especially  OA-er  the  thighs,  may  be- 
come saturated  with  the  oils,  and  a  der- 
matitis of  this  area  as  Avell  may  result. 
In  i)ersons  Avorkiug  with  poAA'ders  such 
lis   laiu])   l)lack,    or    in    ehiinney-SAveeps, 
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the  powder  may  get  into  the  clothing  as 
well  as  on  the  exposed  parts  of  the  body, 
and  may  bring  about  some  generalized 
type  of  dermatitis.  As  a  rule,  however, 
the  process  is  localized  on  the  exposed 
parts,  and  this  should  suggest  the  possi- 
bility of  an  external  irritant  as  the 
source  of  the  affection.  It  is  seldom  that 
other  conditions  have  to  be  considered. 
Occasionally  one  will  see  a  frequently 
recurring  eruption  sharply  limited  to 
one  limb,  in  an  area  easy  to  reach,  which 
may  be  diagnosed  as  dermatitis  factitia. 
Some  time  ago  we  saw  such  a  case.  The 
patient  had  an  indolent  ulcer  on  one 
forearm  which  had  lasted  for  years  and 
had  cost  her  firm  thousands  of  dollars. 
She  was  accustomed  to  keep  it  open  by 
the  application  of  a  little  phenol  from 
time  to  time.  Fortunately,  this  type  is 
rare.  Occasionally  a  seborrheic  der- 
matitis may  be  brought  into  the  ques- 
tion, but  it  is  rare  for  a  seborrheic  der- 
matitis to  be  limited  to  the  exposed 
parts,  and  especially  for  it  to  come  on 
so  acutely  and  wdthout  the  symptoms 
invohnng  the  scalp. 

Once  a  diagnosis  has  been  made,  the 
question  of  treatment  arises.  Here  sev- 
eral things  should  be  considered.  In  the 
first  place,  the  cause  should  be  ascer- 
tained and,  if  possible,  should  be  re- 
moved. It  will  probably  be  necessary  to 
transfer  the  workman  affected  to  an- 
other part  of  the  plant,  or  perhaps  to 
give  him  a  short  rest.  The  treatment 
of  the  condition,  however,  will  be  one  of 
the  simpler  things  to  be  considered,  and 
should  consist  in  local  application  of 
non-irritating,  soothing  remedies.  As 
a  rule  ointments  are  contraindicated, 
particularly  in  the  acute  stage.  Rather 
the  use  of  lotions  or  hot  soaks — perhaps 
of  potassium  permanganate  in  water, 
1 :5,000 — is  recommended ;  or  the  use  of 
1  per  cent,  aluminum  acetate  in  distilled 


water.  Boils  and  abscesses  should  be 
treated  according  to  the  surgical  indi- 
cation. After  the  acute  symptoms  have 
subsided,  it  may  be  justifiable  to  use  a 
mild,  soothing  ointment,  such  as  5  per 
cent,  boric  acid  ointment.  Many  times 
in  thickened  areas  of  chronic  inflamma- 
tion we  find  the  local  use  of  the  X-ray  in 
unscreened  doses  of  approximately  one- 
half  skin  unit  to  be  of  great  value.  In 
colored  people,  because  of  their  tend- 
ency to  keloids,  we  advise  the  prophy- 
lactic use  of  one  or  two  X-ray  treat- 
ments after  lacerations. 

The  hygiene  of  industrial  derma- 
toses is  the  point  on  which  we  should 
lay  the  greatest  stress,  as  prevention 
of  the  condition  is  much  easier  than  its 
cure.  We  believe  that  there  is  not  close 
enough  supervision  of  industrial  work- 
ers. Shower  baths  should  be  available 
in  all  industrial  plants,  and  it  should  be 
compulsory  for  worlonen  to  use  them 
daily — certainly,  after  finishing  their 
work  at  night.  They  should  not  be  al- 
lowed to  wear  clothing  saturated  with 
oils  or  filled  with  powders  which  have 
the  capacity  to  cause  chemical  or  me- 
chanical injury  to  the  skin.  Fresh  cloth- 
ing and  frequent  bathing  will  prevent 
most  industrial  dermatoses.  On  the 
other  hand,  workmen  must  not  overdo 
bathing  to  the  extent  of  injuring  the 
skin. 

The  prophylactic  measures  suggested 
by  McConnell  seem  to  us  so  important 
that  we  are  giving  them  in  full. 


1.  On  entering  the  plant  each  workman 
should  wash  the  hands  and  forearms  thor- 
oughly with  warm  water,  using  a  sawdust  and 
liquid-soap  preparation  to  assist  the  cleans- 
ing process. 

2.  After  diwing  the  skin  with  an  individual 
towel  he  should  apply  either  lanolin  alone  or 
liinolin  and  castor  oil,  and  rub  it  well  into 
the  skin. 

3.  The  foreman  should  inspect  each  work- 
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er  as  he  enters  the  workshop,  to  insure  the 
efficient  carrying  out  of  the  foregoing. 

4.  At  noon,  before  eating  luncheon,  the 
workmen  should  wash  the  hands  and  fore- 
arms with  warm  water  and  soap. 

5.  On  returning  to  work  they  should  re- 
peat the  morning  schedule  of  washing  and 
appljnng  the   lanolin   preparation. 

6.  At  the  end  of  the  workdaj-  they  should 
wash  the  hands  and  arms  with  warm  water 
and  soap  and  dry  them.  No  emollients 
should  be  applied  unless  actual  abrasions  are 
present,  in  which  event  proper  dressings 
should  be  applied.  The  lesions  on  the  thighs 
can  best  be  prevented  by  wearing  aprons  im- 
penetrable to  oils. 


In  plants  inspected  by  McConneU  and 
in  whicli  liis  instructions  were  enforced, 
after  eight  months  no  industrial  derma- 
toses w^ere  found;  while  in  plants  where 
the  routine  measures  were  adopted  but 
w^ere  not  enforced,  21  per  cent,  of  the 
men  still  had  dermatoses.  This  shows 
the  efficacy  of  these  recommendations. 
In  concluding,  we  wish  to  emphasize 
the  importance  of  cleanliness  in  the 
hvgiene  of  indtistrial  dermatoses. 
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SUMMARY  OF  NOTES  ON  TWO  FATALITIES  DUE  TO  INHALING 

PHOSGENE  (COCL,)* 


The  Late  Sheridan  Delepine,  M.B.,  CM.,  M.Sc. 


THE  two  men  whose  cases  are  here 
reported  were  employed  during 
the  war  in  factories  where  they  were 
exposed  to  the  risk  of  inhaling  phos- 
gene. 

Case  1. — X  was  seen  by  the  works 
physician  on  March  27  at  3:15  p.m.; 
after  that  he  went  to  work  but  returnoil 
very  soon,  obviously  suffering  from  gas 
poisoning,  and  with  his  clothing  satu- 
rated with  phosgene.  He  was  treated 
immediately  and  was  attended  until  5 
P.M.;  his  pulse  was  then  good,  and,  as 
he  was  much  better,  he  was  sent  home. 
At  9 :30  P.M.  he  became  worse.  He  was 
deeply  cyanosed,  his  respiration  was 
difficult  and  rapid,  and  there  was  fre- 
quent coughing  and  expectoration  of  a 
large  quantity  of  frothy  mucus.  Under 
treatment  he  improved  and  was  dis- 
tinctly better  at  1 :30  a.m.  He  had  a  re- 
lapse at  9:30  A.M.  on  March  28,  and  he 
died  at  11 :15  a.m. 

From  this  brief  history  it  appears 
that  X  was  well  and  able  to  work  at  3 :15 
p.m.  on  March  27,  and  that  he  was 
gassed  about  4  p.m.  and  died  nineteen 
hours  later. 

Case  2. — As  the  result  of  the  explo- 
sion of  a  cylinder  containing  phosgene 
gas,  which  took  place  at  3:30  p.m.  on 
June  11,  Y  was  exposed  to  the  action  of 
the  gas  and  one  of  his  hands  had  to  be 
amputated  at  the  wrist.  There  was 
little  hemorrhage,  either  before,  during 
or  after  the  operation,  and  at  the  end 
of  the  operation  the  patient  appeared 
to  be  comfortable.     The  breatliing  be- 

*This  article  was  kindly  placed  at  the  disposal 
of  THIS  Journal  by  the  author's  literary  editor. 
Received  for  publication  June  30,  1922. 


came  distressed  and  the  pulse  rapid 
at  about  10  p.m.,  and  death  occurred  at 
1:30  p.m.  on  June  12,  twenty-two  hours 
after  the  accident. 

The  various  organs  of  the  body  in 
both  cases  were  submitted  for  examina- 
tion; the  findings  are  summarized  in 
Table  1. 

Remarks 

The  lesions  observed  in  the  two  eases- 
reported   fall   under    three    categories: 

(1)  Pre-existing  lesions  (i.e.,  lesions  not 
attributable    to    phosgene    poisoning) ; 

(2)  primary  lesions  due  to  inhalation  of 
phosgene;  and  (3)  secondary  lesions, 
which  may  be  considered  as  the  physio- 
logical consequences  of  the  primary 
lesions. 

Pre-Existing  Lesions 

Heart. — In  both  cases  (and  more  par- 
ticularly in  the  case  of  Y)  the  heart 
was  larger  and  heavier  than  the  normal 
average,  and  its  cavities  were  slightly 
dilated.  There  was,  however,  no  chronic 
cardiac  or  extra-cardiac  lesion  that 
could  account  for  any  degree  of  hyper- 
trophy or  dilatation  of  the  heart,  except 
the  limited  fibrosis  of  the  apices  of  the 
lungs  in  one  case.  As  the  body  weight 
of  the  men  is  not  knomi,  no  inference 
can  be  drawn  from  the  heart  weight. 

Lungs. — In  the  case  of  X  the  apices 
of  both  lungs  were  in  a  state  of  fibrosis 
(fibroid  pneumonia),  which  was  prob- 
ably due  to  healed  tuberculosis;  the 
amount  of  lung  tissue  thrown  out  of  use 


TABLE  1.— SUMMARY  OF  LESIONS  FOUND  IN  TWO  CASES  OF  PHOSGENE  POISONING 


Orirau  or  Material 


X    I  Lf.-iiiii.s  4S  Hrs.  after 
Death) 


Y    (Lesious  31  Hr.s.  after 
Death  I 


Heart 
Without  blood 


295   gm.,   large,    flabby,    semi- 
contracted. 

170    gm.,     soft     homogeneous 

clot;  normal. 
Color  Ijrightening  on  exposure 

to  air. 


340  ton.,  flabby,  semi-contract- 
ed. 

170  gm.,  homogeneous  clot. 

Venous    looking,    brightening 
rapidly  on  exposure  to  air. 


Pericardium 
Epicardium 


Endocardium   and  valves 
Myocardium 


Aorta 
First  part 

Limgs 

With  exudate  in  bronchi 

After  escape  of  exudation 


Parenchyma 


Interlobular    tissue 
Air  passages 


Normil. 
Normal. 

Normal;  blood  stained. 

Granular  degeneration  (in- 
cipient necrosis?)  ;  conges- 
tion. 

Limited   soft   atheroma. 


1.559  gm. 

1,460  gm. :  right,  750  gm. : 
Icfr.  71('  gin.  Lungs  remain 
distended  with  air,  as  in  in- 
spiration. 

Old  fibrous  adhesions  at 
apices  of  both  lungs.  Sub- 
pleural  emphysema. 


Fibroid  pneumonia  of  both 
apices.  General  congestion. 
Small  hemorrhages  at  basis 
of  right  lung.  Disseminated 
alveolar  edema  alternating 
with  alveolar  (vesicular) 
emphysema. 

Interstitial  (interlobular) 

emphysema. 

Capillary  bronchitis  (and  ob- 
struction of  terminal  bron- 
chi, under  1mm.  only). 
Acute  catarrhal  (desquajna- 
tive)  bronchitis,  tracheitis, 
and  laryngitis,  character- 
ized by  extensive  desqua- 
mation  and   bronehorrhea. 

Total  weight  1,326  gm.  Small, 
normal  in  shape:  generally 
pale  owing  to  pale  color  of 
portal  zone  of  lobules. 


Jlilk  spots  near   apex  of  left 
ventricle. 


Granular  degeneration  ;  slight 
congestion. 


Limited  soft  atheroma. 


1,340  to  1,350  gm. 

1,190  gm, :  right,  &14  gm, ; 
left,  546  gm.  Lungs  remain 
distended  with  air,  as  in  in- 
spiration. 

A  few  loose  fibrous  adhesions 
on  outer  aspect  of  left 
lung.  Thin  deposit  or  pre- 
cipitate on  serous  surtace. 
Petechial  snbpleural  lienior- 
r!:ages. 

Snbpleural    emph.^  senia. 

General  congestion ;  color 
bright  red.  Disseminated 
alveolar  edema  alternating 
with  alveolar  (vesicular) 
emphysema. 


Interstitial 

einiihysen 


(interlobular) 


Capsule  and  interlobular 
tissue 


Normal, 
ed. 


irregularly    congest- 


Capillary  bronchitis  (and  ob- 
struction of  terminal  bron- 
chi under  1  mm. ) .  Acute  ca- 
tarrhal (desquamative) 
bronphitis,  tracheitis,  and 
biryngitis,  edema  glottitis 
and  edema  of  bronchial  mu- 
cosa.    Acute  bronehorrhea. 

Total  weight  1.C01.7  gm.  Nor- 
mal in  shape;  generally 
purplish  red  in  color:  cen- 
tral parts  of  lobules  con- 
gested. 

General  slight  increase  (In- 
cipient cirrliosisl. 


Portal  vein  and  branches 


Distended  with  blood; 
ill  appearance. 


Distended  with  blood  ;  normal 
in  apiJearance. 


TABLE  1   {Continued) 


Organ  or  ilart'rial 


TAver   (cont.) 
Hepatic  veiu  and  branches 

Parenchyma 


Bile  fluct  and  gallbhidder 


Kidneys 


Right 

Left 

Both 


■Capsule 
Interstitial  tissue 

Renal  vessels 
Parenciiynia 


Pelvis,   Ureter  and 
Bladder 


Spleen 


Blood     from     Pulmonary 


X   (Lesions  48  Hrs.  after 
Death) 


Distended  witli  blood  :  normal 
in  aijpearance. 

Hepatic  cells,  small,  granu- 
lar, pigmented ;  evidence 
of  very  early  stage  of  fat- 
ty degeneration.  No  distinct 
necrosis.  No  deposit  of  "free 
iron." 

Apparently  normal.  Moderate- 
ly filled  with  dark  brown, 
thick  bile. 


115  gm. 

130  gm. 

245  gm. 

Normal  in  shape  and  size ; 
general  congestion ;  small 
retention  cyst  under  cap- 
sule of  right. 

Sli.ghtly  thickened. 

Normal  in  amount. 

Congested,  especially  vasa 
recta  and  malpighian  tufts. 

The  epithelium  of  most  of  the 
convoluted  and  spiral  tu- 
bules is  necrosed.  In  a  few 
groups  of  convoluted  tu- 
bules a  slight  degree  of  fat- 
ty degeneration  is  notice- 
able. The  straight  and  ex- 
cretory tubes  are  less  af- 
fected. No  "free  iron"  in 
any  part  of  the  organ. 


Mucous       membrane 
thickened. 


much 


Exudate    and    Tissue 
from  Lung  Parenchyma 


Pale  greenish  yellow,  turbid. 
Sediment  abundant ;  vesi- 
cal epithelium  and  red 
blood  corpuscles  present. 

Specific  gravity  1,020.  Reac- 
tion acid.  Albumin  abun- 
dant. 

90  gm.  Normal  in  shape.  Evi- 
dence of  congestion. 

Congestion  of  all  coats.  No 
obvious    histological    lesion. 

Same. 

Ox.vhemoglobin  spectrum ; 

carboxyhemoglobin,  no  typ- 
ical absorption  bands  ob- 
served. Oxyhemoglobin  en- 
tirely reduced  by  Stokes' 
fluid. 

0.49  per  cent,  chlorine  pres- 
ent. 


X   (Lesions  31  Hrs.  after 
Death) 


Distended  with  blood  :  normal 
in  appearance. 

Hepatic  cells,  small,  granular, 
slightly  pigmented ;  doubt- 
ful evidence  of  early  fatty 
degeneration.  No  distinct 
necrosis.  No  deposit  of 
"free  iron." 

Apparently  normal,  except  a 
few  of  the  terminal  ducts, 
which  are  increased  in 
length  (effect  of  cirrhosis). 
Moderately  distended  with 
dark,  greenish  brown  bile. 

120.5  gm. 

134.6  gm. 
255.1  gm. 

Normal  in  shape  and  size; 
general  congestion,  but  laby- 
rinth pale. 


Normal. 

Slight  increase  at  places  un- 
der the  capsule. 

Congested,  especially  vasa 
recta  and  malpighian  tufts. 

The  epithelium  of  most  of 
the  convoluted  tubules  is 
necrosed.  Desquamation  In 
a  few  small  groups,  vrith 
slight  amount  of  fatty  de- 
degeneration.  Collecting  tu- 
bules less  affected.  No  "free 
iron"  in  any  part  of  the 
organ. 

Mucous  membrane  much  con- 
gested. 


102  gm.  Normal  in  shape; 
somewhat  flabby ;  somewhat 
pale. 

General  congestion. 
Same. 
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was,  however,  inconsiderable.  The  re- 
mainder of  the  lungs  was  free  from 
chronic  lesions.  In  the  case  of  Y  the 
lungs  appeared  to  be  entirely  free  from 
chronic  lesions.  The  few  loose  fibrous 
pleural  adhesions  had  very  little  patho- 
logical significance.  Town  anthracosis 
was  well  marked,  but  not  excessive. 

Liver. — In  both  cases  the  liver  was 
normal  in  shape;  it  was  slightly  below 
the  average  normal  weight  in  the  case 
of  X,  but  this  decrease  did  not  appear 
to  be  connected  with  any  previous  le- 
sion. In  the  case  of  Y  there  was  a  slight 
amount  of  cirrhosis,  and  this  may  have 
accounted  for  the  weight  being  propor- 
tionally greater  than  in  the  case  of  X. 

Kidneys^ — These  organs  were  normal 
in  shape  and  size ;  a  very  slight  amount 
of  fibrosis  was  observable,  but  there 
were  none  of  the  lesions  characteristic 
of  interstitial  nephritis. 

Spleen,  Stomach,  and  Small  Intestine. 
— These  organs  showed  no  evidence  of 
pre-existing  disease. 

Primary  Lesions  Due  to  Inhalation  of 
Phosgene 

The  air  passages  from  the  larynx 
down  to  the  terminal  bronchi  were  the 
seat  of  lesions  attributable  to  the  action 
of  a  powerful  irritant.  The  absence  of 
evidence  tliat  any  other  irritant  than 
phosgene  had  penetrated  the  air  pass- 
ages justifies  the  view  that  the  cause  of 
the  lesions  was  phosgene.  The  laryn- 
geal, tracheal  and  bronchial  epithelium 
was  more  or  less  completely  shed.  In 
the  larger  air  passages  the  basement 
membrane  was  generally  quite  bare. 
There  were  no  ulcerative  lesions.  The 
few  epithelial  cells  renuiining  attached 
to  the  basement  membrane  and  those 
which,  after  separation,  had  remained 
mixed  with  the  exudate  filling  the  bron- 


chi, were  not  in  a  state  of  necrosis ;  some 
of  these  cells  showed  evidence  of  pro- 
liferation. Many  of  the  epithelial  cells 
were  in  a  state  of  mucous  degeneration, 
and  it  is  probable  that  this  condition 
and  the  rapid  passage  of  exudate  from 
the  mucosa  into  the  bronclii  were  instru- 
mental in  bringing  abo\it  extensive  and 
rapid  desquamation. 

The  congestion  and  edema  of  the  mu- 
cosa and  subinucosa,  as  well  as  the  ex- 
cessive excretion  of  mucus  by  the 
tracheal  and  broncliial  mucous  glands, 
may  reasonably  be  attributed  to  the  ir- 
ritating action  of  the  gas. 

The  obstruction  of  the  terminal  non- 
alveolated  bronchi,  measuring  less  than 
1  mm.  in  diameter,  by  the  desquamated 
epithelium  mixed  with  variable  propor- 
tions of  exudate  appears  to  have  b<?en 
the  mam  cause  of  the  fatal  effects  of 
phosgene  inhalation. 

The  lesions  observable  m  tl\(;  alveo- 
lated  portion  of  the  parenchjatia  were 
partly  primary  and  partly  secondary. 
The  intense  congestion  of  the  alveolar 
capillaries,  the  alveolar  edema  and  also 
the  edema  of  the  interlobular  tissue  are 
attributable  to  a  more  or  less  direct  ac- 
tion of  the  irritant.  The  epithelial  or 
endotheUal  lining  of  the  alveoli  was 
comparatively  little  affected;  very  few 
alveoli  contained  an  excessive  number 
of  desquamated  cells.  In  a  few  places, 
however,  some  of  the  cells  lining  the  al- 
veoli had  been  lifted  from  their  places 
by  the  exudation.  There  was  an  al)sence 
of  typical  croupous  exudation.  The  mu- 
cous membrane  of  the  air  passages 
down  to  the  terminal  non-alveolated 
bronchi  apparently  were  more  severely 
affected  by  the  action  of  the  phosgene 
than  were  the  alveolated  passages  and 
the  alveoli.  This  difference  can  be  ac- 
counted for  on  the  supposition  that  the 
amount  of  phosgene  present  in  the  tidal 
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air  Wcis  reduced  by  dilution  with  tho 
residual  air  contained  in  the  alveolated 
part  of  the  lobules,  and  probably  also 
by  the  absorption  of  a  part  of  the  phos- 
gene by  the  bronchial  mucous  mem- 
brane. The  low  diffusibility  of  the  gas 
may  also  have  retarded  its  penetration. 

Secondary  Lesions 

The  other  lesions  found  in  the  lungs 
and  those  found  in  other  viscera  appear 
to  be  secondary  to  the  obstruction  of  the 
terminal  bronchi. 

The  most  important  secondary  lesion 
observed  in  the  lung  parenchyma  was 
emphysema,  affecting  both  the  alveoli 
and  the  intei'stitial  (including  the  sub- 
pleural)  tissue.  This  emphysema  was 
recognizable  in  every  part  of  the  lungs 
in  both  cases,  except  at  the  apices  of  the 
lungs  in  the  case  of  X.  In  a  certain  pro- 
portion of  the  lobules,  which  were 
partly  edematous,  the  distention  of  the 
alveoli  was  not  so  well  marked  as  in  the 
other  lobules  in  which  the  amount  of 
exudation  was  less.  In  most  of  the  lo- 
bules the  alveolated  air  passages  were 
free  from  exudation  and  distended  with 
air. 

Collapse  and  consolidation  of  small 
areas  of  lung  tissues  were  very  limited 
in  extent.  Emphysema  in  the  present 
cases  cannot,  therefore,  be  described  as 
due  to  the  compensatory  dilatation 
which  is  so  common  a  feature  in  sub- 
acute or  chronic  bronchopneumonia. 

The  distention  of  the  alveoli  appears 
to  have  been  due  to  the  mechanical  ef- 
fects of  an  accumulation  of  air  in  the 
lobules.  This  was  complicated  by  a 
passage  of  the  air  into  the  interlobular 
tissue,  the  subpleural  cavity  and,  in  one 
case,  the  pleural  cavity  itself. 

These  emphysematous  lesions  were 
probably  brought  about  by  excessive  in- 


spiratory movements  combined  with 
gradual  blocking  of  the  bronchioles.  At 
first  the  obstruction  of  the  bronchioles 
was  not  complete  enough  to  prevent  the 
passage  of  some  air  into  the  lobules ;  in- 
terference with  the  normal  gaseous  ex- 
changes induced  increased  inspiratory 
movements  which,  by  reducing  the  pres- 
sure of  the  air  in  the  partly  blocked 
lobules,  caused  some  of  the  air  in  the 
bronchi  to  bubble  through  the  material 
blocking  the  bronchioles.  On  the  other 
hand,  the  elasticity  of  the  lung  tissue 
and  the  expiratory  movements  were 
probably  insufficient  to  overcome  the  re- 
sistance offered  to  the  escape  of  air  im- 
prisoned by  the  bronchial  plugs.  It  is 
probable  that  after  a  short  time  the 
terminal  bronchi  were  so  firmly  plugged 
that  the  passage  of  air  became  impos- 
sible both  during  inspiration  and  during 
expiration. 

The  lung,  at  that  stage,  was  com- 
parable to  a  mass  of  small  closed  air 
balloons  with  thin  walls  partly  stretch- 
ed. The  effect  of  excessive  inspiratory 
movements  of  the  chest  wall  was  to  re- 
duce the  external  pressure  sufficiently 
to  cause  the  rupture  of  the  balloons  sit- 
uated near  the  surface  and  more  par- 
ticularly at  the  thin  edges  of  the  lungs, 
where  the  effects  of  expansion  of  the 
thoracic  cavity  could  not  be  distributed 
among  a  number  of  lobules  as  in  the 
more  centrnl  parts  of  the  organ. 

The  rupture  of  some  alveoli  was  fol- 
lowed by  the  passage  of  air  into  the 
interstitial  tissue,  and  in  one  case  the 
serous  layer  of  the  pleura  gave  way  and 
air  escaped  into  the  pleural  cavity, 
which  was  found  postmortem  to  be  filled 
with  frothy  exudate. 

According  to  this  view  the  emphy- 
sema observed  in  cases  of  phosgene 
poisoning  is  an  acute  mechanical  em- 
physema caused  by  the  obstruction  of 
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terminal    bronchi,    to   wliicli   it    is    sec- 
ondary. 

This  explanation  appears  to  be  supported 
by  the  symptoms  which  I  experienced  after 
a  partly  accidental,  partly  voluntary  expos- 
ure to  phosgene. 

On  February  2,  1917,  T  had  to  conduct 
some  tests  at  the  Army  Medical  College  in 
London.  The  room  in  which  these  tests  were 
made  was  partly  underground,  and  was  ven- 
tilated by  an  opening  near  the  ceiling  and  by 
a  door  opening  upon  a  passage  with  windows 
opening  upon  a  small  inner  court.  At  the 
level  of  the  upper  opening  an  experimental 
discharge  of  phosgene  was  made  soon  after 
the  beginning  of  my  experiments.  Two  of 
the  gentlemen  who  were  present  were  obliged 
to  retire  very  rapidly.  My  assistant  had  a 
gas  mask,  but  in  order  to  see  my  recording 
instruments  J  was  unable  to  wear  a  mask. 

I  came  into  the  room  at  frequent  intervals 
in  the  course  of  three-quarters  of  an  hour,  in 
order  to  take  my  readings  of  the  instruments. 
Beyond  some  irritation  of  the  conjunctivae 
and  of  the  lai-ynx  f  was  not  much  inconveni- 
enced at  first,  but  a.s  the  amount  of  gas  in- 
creased I  found  it  necessary  to  hold  my 
breath,  and  not  to  remain  in  the  room  for 
mere  than  one  minute  at  a  time.  Toward 
the  end  of  the  experiment  the  passage  to 
which  I  retired  between  the  observations  was 
invaded  by  the  gas,  which  1  was  oblised  to 
breathe  freely.  This  brought  about  a  violent 
fit  of  incoei'cible  coughing,  which  forced  me 
to  inhale  a  fairly  large  amount  of  poisoned 
air.  A  medical  colleague  who  was  also  watch- 
ing the  experiment  from  the  passage  was 
affected  in  the  same  way.  We  both  had  to 
run  away ;  but  during  the  flight  we  had  to 
stop  frequently  owing  to  the  violence  of  oiir 
cough.  Even  when  we  had  reached  a  portion 
of  the  buildirig  where  other  people  were  not 
inconvenienced  by  the  gas,  we  continued  to 
couirh  so  violently  that  our  cingcsied  face« 
were  running  with  jierspiration.  This  lasted, 
as  near  as  I  can  remember,  for  about  fifteen 
or  twenty  minutes:  the  cough  then  became 
more  bearable,  and  we  were  able  to  move 
about.  1  felt  dazed  and  weak,  and  even  after 
getting  out  into  the  open  air  it  seemed  to  me 
that  the  air  was  still  heavily  laden  with  i)hos- 
gene.  I  continued  to  improve  for  another 
three  or  four  hours;  then  I  began  to  ex- 
perience a  choking  sen.sation,  wliicli  1  tried 
at  first  to  relieve  by  breatliing  deeply.  I 
found,  however,  tliat  tliis  madr  nn'  cough 
again.     After  a  shoi't    time    1    found    it    best 


to  expand  my  chest,  and  to  breathe  very 
rapidly  (about  forty  to  sixty  respirations  per 
minute).  This  did  not,  however,  relieve  the 
choking  feeling  which  at  times  gave  me  a 
considerable  amount  of  anxi'^ty.  I  remained 
panting  in  this  way  the  greater  part  of  the 
night.  Tlie  same  feeling  recurred  several 
times  during  the  following  day  and  night : 
after  that  my  breathing  became  normal,  but 
for  several  days  1  sufl'ered  from  marked 
lassitude. 

Except  during  the  initial  period,  the  cough 
was  not  very  troublesome.  (From  what  T 
heard  afterwards  my  colleague  was  more 
seriously  afl'ected  than  1.) 
■  I  was  too  ill  during  the  first  night  to  make 
cai'eful  observations,  but  the  sensation  of  im- 
pending death  from  want  of  air  has  remained 
engraved  on  my  mind.  I  was  not  troubled 
with  much  expectoration. 

These  symptoms  seem  to  have  been  due  to 
spasm  of  the  small  bronchi,  and  the  condition 
was  one  which  had  manj''  of  the  clinical 
features  of  asthma.  The  smell  of  phosgene 
persisted  for  mau\  hours,  as  did  also  a 
peculiar  sensation  of  irritation  in  the  larynx 
and  trachea.  The  persistence  of  the  smell 
seems  to  indicate  that  some  combination  takes 
place  between  the  gas,  or  some  constituent  of 
it.  and  the  superficial  layers  of  the  mucous 
membrane. 

The  direct  action  of  the  phosgene 
upon  the  bronchial  epithelium  does  not 
seem  to  have  produced  actual  necrosis 
of  the  cells,  which  had  remained  in  situ. 
The  staining  reactions  of  the  desqua- 
mated cells  did  not  resemble  those  of 
cells  which  had  undergone  necrobiosis 
or  coagulative  necrosis.  This  finding 
does  not  in  itself  prove  that  these  cells 
had  not  been  rapidly  killed  before  or 
after  being  shed. 

The  fact  that  many  of  them  showed 
evidence  of  mucous  degeneration,  how- 
ever, supports  the  view  that  the  gas 
acted  as  an  irritant  and  not  as  an  agent 
imnu'dialcly  ietlial. 

The  nmount  of  clilorine  found  in  the  lung 
tissue.  Including  the  liiood  contained  in  the 
vessels  and  the  exudation  in  the  medium  sized 
and  small  bronchi,  amounted  to  4.9  parts  per 
1,000   parts  of   the  material  examined.     No 
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evidence  could  be  found  of  tlie  presence  of 
an  appi-ficiable  amount  of  carbon  monoxide 
in  the  pubnonary  blood.  No  methemoglobin 
was  revealed  by  the  spi'ctroscope.  These  re- 
sults must  be  accepted  with  caiition,  and 
should  De  controlled  by  carefully  conducted 
experiments  on  animals,  before  anj'  hypothe- 
sis is  based  upon  them. 


The  lesions  observed  in  the  kidneys, 
liver,  and  heart  all  appeared  to  be  sec- 
ondary to  the  state  of  the  lungs  caused 
by  the  obstruction  of  the  terminal  bron- 
chi, and  were  attributable  to  inter- 
ference v\dth  the  gaseous  exchanges  in 
the  lungs,  and  the  consequent  changes 
in  the  circulating  blood.  The  gradual 
but  rapid  diminution  in  the  amount  of 
oxygen  was  probably  of  paramount  im- 
portance in  connection  with  the  pro- 
duction of  necrotic  lesions. 

The  renal  epithelium  in  the  convo- 
luted and  spiral  tubules  had  suffered 
most  severely.  The  few  renal  cells 
which  had  survived  showed  evidence  of 
granular  degeneration  and  early  fatty 
degeneration. 

The  hepatic  cells  were  less  affected 
but  were  generally  in  a  state  of  granu-' 
lar  degeneration,  with  a  tendency  to 
fatty  degeneration.  They  were  not 
swollen;  on  the  contrary,  many  of  the 
cells,  particularly  in  the  hepatic  zone, 
were  shrunken. 

The  myocardial  cells  were  in  a  state 
resembhng  that  of  the  hepatic  cells.  The 
congestion  of  all  the  organs  was  of  the 
mechanical  or  passive  type,  being  due 
to  obstruction  of  the  pulmonary  circula- 
tion caused  by  the  emphysematous  state 
of  the  lungs. 

A  remarkable  feature  of  most  of  the 
lesions  which  have  been  described  is  the 
rapidity  with  which  they  occurred.  X 
died  nineteen  hours  after  exposure  to 
the  gas,  and  Y  twenty-two  hours  after 
exposure. 


Therapeutical  Meastjbes  Indicated  by 
Pathological,  Findings 

It  would  appear  that  as  phosgene  or 
the  products  of  its  decomposition  (prob- 
ably hydrochloric  acid  and  carbon  diox- 
ide) come  into  contact  with  the  mucous 
membrane  of  the  larynx,  trachea  and 
bronchi,  some  of  the  hydrochloric  acid 
is  absorbed  by  the  superficial  cells,  and 
acts  as  an  irritant.  It  would,  therefore, 
seem  desirable  to  neutralize  any  free 
or  partly  combined  hydrochloric  acid 
in  order  to  limit  this  irritating  action. 
Neutralization  might  be  effected  if  an 
amount  of  ammonia  insufficient  to  cause 
marked  irritation  were  contained  in  the 
air  breathed  by  the  patient. 

It  appears  also  that  the  irritation 
produced  by  the  gas  causes  a  contrac- 
tion of  the  bronchial  muscles.  This 
tends  to  aggravate  the  effects  of  the 
desquamation  of  the  terminal  bronchi. 
If  by  the  use  of  an  anodyne  the  spasm 
could  be  reduced,  the  number  of  bron- 
chioles remaining  patent  would  be  in- 
creased, and  the  administration  of 
oxygen  would  become  more  effective. 
The  inspiratory  efforts  would  become 
less  violent,  and  the  tendency  to  em- 
physema would  be  reduced.  Anything 
reducing  the  tendency  to  exudation  such 
as,  for  instance,  the  injection  of  suitable 
quantities  of  sugar  solution,  might  also 
be  beneficial. 

Summary 

1.  Exposure  to  phosgene,  like  ex- 
posure to  nitrous  fumes,  does  not  give 
immediate  warning  of  the  grave  conse- 
quences which  may  supervene  within 
twenty-four  hours. 

2.  Phosgene  does  not  act  as  a  direct 
lethal  agent,  but  as  a  powerful  irritant 
to  the  air  passages,  setting  up  profuse 
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exudation    and    cellular    desquamation 
wliicli  obstruct  the  terminal  y)roncliiolcs. 

3.  The  irritation  also  causes  con- 
traction of  the  bronchial  muscles,  asso- 
ciated with  astlmiatic  symptoms. 

4.  Finally,  the  bronchioles  become 
so  firmly  plugged  that  the  entry  of  aii" 


into    the    alveoli    becomes    impossible; 
death  then  results. 

5.  Treatment  should  be  directed  to  the 
reduction  of  the  exudation  and  muscular 
spasm,  and  to  increasing  the  value  of 
the  inspired  air  by  the  administration  of 
oxygen. 


OBSERVATIONS  ON  THE  RELIABILITY  OF  THE  COMF-THERMOME- 

TER  (FRESH-AIR  GAUGE)   AS  AN  INDICATOR  FOR 

THE  COOLING  EFFECT  OF  AIR* 

H.  I.  Eadie,  D.  Hargood  Ash,  and  T.  C-  Angus 

PREPARED  UNDER  THE  DIBECTION  OF 

LEONARD  HILL.  J.  J.  R.  MACIJilOD.  AND  J.  SATTEKI.Y 


THE  fresh-air  gauge,  or  "comf," 
consists  of  a  cylindrical  metal  box 
18  cm.  high  and  10  cm.  in  diameter,  in 
which  is  inserted  an  8  candle-power  car 
bon  filament  lamp,  of  known  wattage, 
the  lower  part  of  the  box  being  remov- 
able for  this  purpose.  On  the  top  of  the 
box  is  fixed  a  metal  cone  which,  in  its 
turn,  foi-ms  a  union  with  a  chimney  25 
cm.  long  and  2^/2  cm.  in  diameter.  There 
are  some  holes  in  the  lower  and  upper 
part  of  the  box  for  purposes  of  ventila- 
tion. An  ordinary  dry  bulb  thermometer 
is  introduced  into  the  chimney  so  that 
the  bulb  hangs  centrally  within  it  at 
a  depth  of  9  cm.  The  thermometer  is 
attached  to  the  top  of  a  chimney  by 
means  of  a  suitable  grip.  Given  a  main 
current  of  suitable  voltage  which  re 
mains  uniform,  or  which  varies  only 
slightly,  the  8  candle-power  lamp  acts 
as  a  constant  source  of  heat,  while  the 
box  and  the  chimney  are  cooled  by  radi- 
ation and  convection.  The  instrument 
is  shown  in  Figure  1. 

Observations  were  taken  in  Toronto 
by  Miss  Eadie  in  order  (1)  to  obtain, 
if  possible,  a  relation  between  the  comf 
and  kata-thermometer  readings;  (2)  to 
determine  the  agreement  between  comfs 
taking  the  same  current;  (3)  to  test  the 
results  of  altering  the  number  of  ven- 

*Thls  investigation  was  done  under  the  Medical 
Researcti  Council,  London,  England,  and  the  Re- 
search Committee,  Department  of  Public  Health, 
Ottawa,  Canada.  Received  for  publication  Aug.  31, 
1922. 


tilation  holes;  (4)  to  test  the  rate  of 
adjustment  to  varying  conditions;  and 
(5)  to  obtain,  if  possible,  a  relation  be- 
tween comf  and  kata  in  an  air  current. 

Observations  to  Obtain  Relation  be- 
tween Comf  and  Kafa-Thermometer 
Readings. — The  comf  was  set  up  in  a 
small  room  and  allowed  to  heat  up  until 
the  reading  became  fairly  steady.  Then 
readings  v/ere  taken  at  intervals  of 
about  five  minutes.  Kata-thermometer 
readings  were  taken  simultaneously 
with  those  of  the  comf.  Readings  of 
kata  and  comf  were  then  plotted  against 
time.  Figures  2  and  3  are  typical  of 
the  large  number  of  curves  which  were 
obtained  in  this  way.  The  parallelism 
of  the  curves  shows  that  changes  in  the 
condition  of  the  air  produce  similar 
changes  in  both  the  comf  and  the  dry 
kata-thermometer. 

It  was  found  that  any  disturbance  of 
the  wire  gauze,  which  kept  the  ther- 
mometer central,  produced  a  change  in 
the  readings.  This  gauze  was,  therefore, 
discarded,  and  the  thermometer  was 
suspended  from  a  hook  on  the  end  of  a 
rod  wliich  was  soldered  to  the  chiran'^y 
of  the  comf.  The  lower  end  of  the  ther- 
mometer was  fijxed  by  means  of  a  small 
spring  of  brass  wire.  New  sets  of  read- 
ings were  obtained  similar  to  those 
already  described  and,  from  these,  pairs 
of  comf  and  kata  readings  were  selected 
at  random.  Figures  4a  and  4b  show  the 
straight  lines  obtained  by  using  these 
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FlG.  1. — Fresh-ail-  gauge  or  couif. 

observations  for  currents  of  0.195  am- 
peres and  0.245  amperes,  respectively, 
the  two  equations  connecting  the  kata 
reading  K  and  the  comf  reading  0  being- 
K  =  18  -  0.29  C,  and  K  =  16.7  -  0.23  C. 
Two  comfs  were  set  up  in  a  lecture 


room,  one  at  the  back  and  the  other  at 
the  front.  During  the  classes  readings 
were  taken  at  the  back  at  intervals  of 
about  five  minutes,  and  at  the  front 
whenever  possible.  Readings  of  the 
kata-thermometer  were  taken  simul- 
taneously with  those  of  the  comf  at  the 
back.  The  current  used  was  practically 
constant  and  the  comf  readings  were  ex- 
pressed in  millicalories  per  square 
centimeter  per  second  by  means  of  the 
equation  obtained.  These  readings  and 
the  kata  readings  were  plotted  against 
time,  and  the  results  shown  in  Figure  5 
were  obtained.  The  unbroken  line  gives 
comfimeter  readings;  broken  line,  kata 
readings.  It  will  be  seen  that  in  all 
but  one  case  the  two  curves  are  almost 
exactly  coincident.  The  comf  at  the 
front  of  the  room  always  gave  a  reading 
about  10° C.  lower  than  the  one  at  the 
back. 

Agreement  httiveeii  Comfs  Takiruj 
Same  Current. — Fig-ure  6  shows  the 
curves  of  three  comfs  all  taking  the 
same  current,  0.280  amperes  in  the 
lamp.  A  and  b  are  for  comfs  which 
were  similarly  made.  C  is  for  a  comf, 
the  chimney  of  which  was  painted  black. 

Results  of  Altering  Xumber  of  Ven- 
tilatioi  Holes. — The  number  of  perfora- 
tions in  the  conical  part  of  a  comf  was 
increased  and  its  curve  again  found. 
Figure  7  illustrates  the  results  obtained. 
Points  marked  X  were  obtained  from  a 
comf  with  a  single  row  of  holes.  Points 
marked  (X)  were  obtained  from  a  comf 
■with  a  double  row  of  holes.  It  is  ob- 
vious that  increasing  the  number  of 
holes  does  not  affect  the  ultimate  height 
of  the  curve  of  tlie  comf. 

Bate  of  Adjustment  to  Varying  Con- 
ditions.— The  rate  of  adjustment  to 
changing  conditions  was  tested  (1)  with 
a  single  row  of  holes,  and  (2)  with  a 
double   row   of   holes.      Readings   were 
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Fig.  2. — Variation  witli  time  of  heat  loss  from  kata  and  temperature  <}i 
comf.  Abscissas=time  in  minutes.  Ordinates  for  kata  readings=millicalo- 
ries  emitted  per  square  centimeter  per  second:  ordinates  for  comf  readings= 
degrees  centigrade. 
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Fig.  3. — Variation  with  time  of  heat  loss  from  kata  and   temperature  of 
comf.    Abscissas  and  ordinates  the  same  as  in  Figure  2. 


taken  of  the  rate  of  fall  of  temperature 
of  the  comf  thermometer  in  a  draft 
produced  hy  a  fan.  The  results  obtained 
are  shown  in  Figure  8.  In  this  chart, 
comf  readings  are  plotted  against  time, 
so  that  the  slope  of  the  curve  gives  the 
rate  of  adjustment.  The  fact  that  the 
two  curves  are  practically  parallel 
shows  that  increasing  the  n amber  of 
holes  does  not  affect  the  rate  of  adjust- 
ment to  changing  conditions. 

Relation  hetiveen  Comf  and  Kata  in 
Air  Current. — Figure  9  shows  the  re- 
sults  obtained   by   taking   readings    in 


different  degrees  of  draft.  The  points 
marked  F  were  taken  in  the  draft  (a 
large  fan  was  used  to  produce  the  draft 
and  conditions  were  such  that  both  in- 
struments were  in  the  same  current  of 
air).  The  points  marked  S  were  taken 
in  still  air.  This  seems  to  indicate  that 
a  straight  line  is  obtained  between  kata 
and  comf  readings  in  ditferent  degrees 
of  draft  doiVH  to  a  certain  limiting  vaJne 
which  would  not  be  approached  under 
ordinary  conditions ;  and  that  this  curve 
agrees  very  well  with  that  obtained  in 
still  air  (the  dotted  line  in  the  chart). 
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The  curve,  of  coiir.se,  breaks  do^vn  when 
a  great  degree  of  draft  is  reached,  for 
at  this  point,  if  the  Hue  were  continued, 
the  kata  reading  would  correspond  Avitli 
a  comf  thermometer  reading  lower  than 
the  temperature  of  the  room,  which  is, 
of  course,  impossible. 

The    instruments    used    at    Toronto 
were  of  unpainted  tin;  those  used  in 
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Figs.  4a  and  4b. — Calibration  curves  of  a  com- 
flmeter  with  different  currents  through  the  lamp. 
Abscissas=comf  temijerature  in  degrees  centi- 
grade; ordinates=millicalories  emitted  ijer  square 
centimeter  per  second. 

later  experiments  were  ccjvered  with 
black  enamel.  The  mre  gauze  referred 
to  in  the  observations  to  obtain  the  rela  - 
tion  between  comf  and  kata-thermome- 
ter  was  used  in  the  early  form  of  the 
instrument  in  order  to  keep  the  ther- 
mometer central  in  the  chimney.  As  a 
result  of  these  and  similar  experiments 
it  was  afterwards  done  away  with  and 
the  thermometer  was  fixed  rigidly  at 
the  top  of  the  chimney. 

Observations  were  taken  at  Hamp- 
stead,  London,  by  Mr.  T.  C.  Angus  in 
order  to  confirm  and  continue  the  re- 
sults of  Miss  Eadie.  A  near  approxi- 
mation to  a  still  air  chamber  was  made 
by  using  a  screen  of  American  cloth 
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Fig.  8. — Behavior  of  two  comfimeters,  A  and  B. 
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twelve  minutes.  Abscissas  =  time  in  minutes; 
ordinates=comf  temperature  in  degrees  centigrade. 

enclosing  a  4-foot  square.  This  was 
open  at  the  top  and  had  a  eelhiloid 
window  let  in  all  round  about  1  foot 
from  the  to^j,  for  reading  the  instru- 
ments. Specially  selected  lamps  of  33 
to  35  watts  were  supplied  by  the  Edison- 
Swan  Electric  Company  both  for  200 
and  100  volt  ciTvuits. 


F^G.  9. — Determination  of  comflmeter  constant  by 
comparison  with  kata.  Points  xF  indicate  fan  on; 
points  xS  indicate  still  air.  Broken  line  shows 
a  curve  previously  obtained.  Abscis.sas=comf 
temperature  in  degrees  centigrade;  ordinates:= 
millicalories  per  square  centimeter  per  second. 

Five  comfs  were  fitted  with  ther- 
mometers which  had  been  tested  and 
were  found  to  read  together,  and  these 
were  placed  on  a  wooden  support  inside 
the  screen.  The  connections  were  taken 
off  in  parallel  from  one  lead.  Table  1 
gives  the  time, .  the  temperature  inside 
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and  outside  the  enclosure,  and  the  read- 
ings of  the  five  comfs.  It  will  be  seen 
from  the  observations  when  A  and  B 
were  interchanged  that  the  slight  vari- 
ations were  due  to  position.  Figoire  10 


« 

« 

m 

0 

• 

• 

T 

ni^ 

> 

-• 

n 

G 

G 

O 

i 

W 

^ 

f 

„ 

(j 

/ 

, 

1 

> 

c 

) 

i 

, 

C' 

it 

Fig.  10. — Comparative  readings  of  two  comfime- 
ters,  A  and  B,  inside  the  same  enclosure.  Abscis- 
sas=time  in  minutes;  ordinates=comf  tempera- 
ture in  degrees  centigrade. 
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Fig.  11. — Showing  rise  of  comfimeter  reading 
with  increase  of  voltage  on  lamp,  and  on  a  dif- 
ferent day,  fall  of  comf  reading  with  decrease  of 
voltage  on  lamp.  Abscissas  =  pereentage  voltage 
variation:  ordinates=comf  temixTature  in  de- 
grees centii;rade. 

shows  these  observations  plotted  for  A 
and  B.  The  time  during  which  they 
were  taken  was  eighty  minutes. 

Observations  were  also  taken  within 
the  screen  in  order  to  determine  the 
effect  of  the  variation  of  voltage,  the 
temperature  being  approximately  con- 
stant. From  the  results  shoAvii  in  Fig- 
ure 11  it  will  be  seen  that  a  —  6  per  cent. 


voltage  variation  causes  a  difference  of 
about  1.5°  C.  in  comf  reading. 

Figure  10  also  shows  that  about  thirty 
minutes  must  be  allowed  for  the  comf 
to  get  in  a  steady  state  before  the  read- 
ings are  taken. 

Many  observations  taken  at  Hamp- 
stead  confirm  the  conclusion  dra^\^l 
from  the  observations  made  at  Toronto 
— namely,  that  in  still  air  a  linear  rela- 
tion exists  between  the  kata  and  comf 
readings.  Table  2  shows  readings  of 
both  instruments  taken  at  Hampstead, 
the  comf  being  run  off,  the  ordinary 
lighting  mains  of  the  building.  These 
mains  are  used  for  "lifts"  and  at  times 
considerable  variation  in  the  voltage  is 
experienced.  As  will  he  seen  from  Table 
2,  the  observations  were  taken  in  vari- 
ous parts  of  different  rooms.  The 
equation  obtained  vnth  these  observa- 
tions gives  a  relation  between  the  cool- 
ing power  H  and  the  comf  reading  C, 
namely,  H  =  16.8  -  0.35  C.  The  column 
H  calculated  gives  the  values  obtained 
by  using  this  equation  to  find  H  from 
the  column  C.  These  values  give  some 
idea  of  the  variation  that  occurred. 

It  was  found  that  no  simple  relation 
existed  between  the  two  instruments  in 
a  fast  air  current. 

Conclusions 

From  the  foregoing  observations  we 
may  conclude  that  the  comf  is  a  reliable 
instrument  for  indicating  whether  the 
air  conditions  are  satisfactory,  pro- 
vided the  following  precautions  are 
taken : 

1.  'I'hat  specially  selected  electric 
light  bulbs   (33-35  watts)   are  used. 

2.  That  a  practically  steady  main 
line  voltage  is  used. 

3.  That  each  instrument  is  calibrated 
before  use  against  a  kata-thermometer. 
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TABLE   1.— 

COMPAKISON 

OF   READINGS 

OF  FIVE    COMFIMETBRS    INSIDE 
CLOSURE 

THE    SAME    EN- 

Temperature 

Comflmeter 

Time 

Inside 
Enclosure 

Outside 
Enclosure 

A 

B 

C 

D                     E 

10 
14 

18 

21 

24 

28 

33 

38 

43 

49 

53 

631 

71 


°C. 
16.2 
16.7 
17.0 
17.0 
17.0 
17.2 
17.3 
17.4 
17.6 
17.8 
17.8 
17.S 


14.8 
14.8 
14.7 
15.0 
15.0 
15.0 
15.3 
15.3 
15.3 
15.5 


21.7 

22.9 

21.7 

22.0 

21.8 

26.7 

28.0 

28.0 

27.1 

27.6 

30.2 

30.8 

31.0 

30.3 

30.2 

31.9 

32.1 

32.5 

31.7 

31.8 

32.7 

33.0 

32.8 

32.6 

32.3 

34.3 

33.2 

33.1 

33.2 

32.8 

34.0 

33.6 

33.5 

33.S 

33.4 

33.7 

33.8 

33.8 

33.8 

33.7 

33.7 

33.2 

33.9 

33.6 

33.5 

34.0 

33.5 

34.2 

34.0 

33.7 

34.3 

33.5 

34.3 

34.2 

33.9 

34.1 

33.2 

32.3 

33.8 

33.9 

32.6 

33.5 

33.9 

33.4 

34.0 

32.8 

34.1 

34.1 

33.4 

33.2 

33.4 

33.8 

34.4 

33.9 

33.2 

1  The    positions   of    A    and    B    were    interchanged  here. 


TABLE  2. 


-COMPARATIVE  READINGS  OF  COMFIMETER  AND  KATA-THERMOMETER  TAKEN 
IN  VARIOUS   PARTS  OF  DIFFERENT  ROOMS 


H  Calculated 


Comflmeter  C       |       Kata  H 


Location  of  In.strumeut  during  Observations 


6.5 

5.0 

6.2 

6.1 

6.7 

6.3 
5.4 


29.56 

33.90 

30.48 

30.70 

28.56 

30.23 
32.70 


6.81  2  feet  from  floor;   no  direct  air  current  on   in- 

strument. 

4.67  Instrument     screened     from     direct     draft;     at 

waist  level. 

6.43  At    side   of    room    remote    from    open    windows; 

at  waist  level. 

6.20  At    side    of    room   remote    from    open    door;    on 

floor. 

6.00  In  middle  of  floor ;  window  open  3  inches. 

6.00  In   middle   of  floor ;   window   wide  open. 

5.40  Between  two  open  doors,  on  bench  3  feet  from 

floor. 
6.00  Window   and   two   doors   open ;    on   table  3  feet 

from   floor. 


6.1 

30.70 

5.70 

On  floor. 

5.1 

33.60 

4.98 

3   feet   from   floor. 

4.6 

34.90 

4.70 

5.3 

32.90 

6.60 

On   floor. 

5.0 

33.90 

6.80 

5.7 

31.90 

5.60 

4  feet   from   floor. 

3.9 

36.90 

4.70 

5.1 

33.50 

5.20 

On  floor. 

Since  the  relation  between  the  instru- 
ments is  linear,  observations  should  be 
taken  at  three  different  still  air  temper- 
atures, the  results  should  then  be 
plotted    and    a     straight    line    dra'vn 


through  them;  the  equation  of  this  line 
will  then  be  the  equation  connecting  the 
readings. 

4.    That  the  instrument  is  not  used  in 
a  fast  air  current. 
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6.     Circidation 

The  effects  of  the  phenyleiiediamines 
on  the  circulation  have  not  been  previ- 
ously studied.  The  results  of  this  study 
indicate  that  they  possess  definite  and 
marked  actions  on  the  circulation.  A 
knowledge  of  these  actions  is  essential 
in  cases  of  acute  and  chronic  poisoning 
and  in  cases  of  death  from  these  com- 
pounds. The  experiments  consisted  of 
intravenous  injections  in  mammals; 
perfusion  of  turtles'  hearts,  perfusion 
of  frogs'  vessels,  and  treatment  of 
strips  of  dog's  ventricle  and  excised 
vessels  with  the  compounds. 

Injection  Experiments. — Observations 
were  made  on  sixteen  dogs,  two  rab- 
bits, and  one  cat.  All  injections  were 
made  intravenously.  The  compounds 
were  used  in  their  basic  form  and  in 
the  form  of  hydrochlorides,  dissolved  or 
suspended  in  0.9  per  cent,  sodium  chlor- 
ide solution.  The  effects  of  the  hydro- 
chlorides were  the  same  as  those  of  the 
bases.  The  following  functions  were 
observed:  pulse  rate;  mean  blood  pres- 
sure from  the  carotid  artery  recorded 
by  a  mercury  manometer  in  the  usual 
way;  cardiac  (ventricular)  volume  by 
means  of  the  ball  plothysmograi^h  of  Y. 
Henderson ;  and  kidney  volume  from 
an  oncometer.  All  records  were  made 
simultaneously  on  a  slowly  moving 
kymograph.  At  the  same  time  the  ma- 
jority of  animals  were  curarized  and 
artificial    respiration    was    maintained. 


This  was  necessary  because  of  disturb- 
ances from  convulsions  which  ensued 
promptly  unless  curare  was  injected. 
Small  and  large  doses  of  the  compounds 
were  used,  usually  repeatedly  in  the 
same  animal,  and  the  analysis  was  car- 
ried as  far  as  possible  in  order  to  ascer- 
tain the  mechanism  of  action  on  the  cir- 
culation, exclusive  of  the  convulsant  and 
other  actions. 

It  may  be  stated  at  once  that  the  re- 
sults with  the  different  phenyl enedia- 
mines  sttidied  were  qualitatively  the 
same;  they  differed  only  quantitatively 
— that  is,  the  meta  and  para  compounds 
were  weaker  than  the  dimethyl  and  die- 
thyl derivatives  of  para-phenylenedia- 
mine,  while  dimethyl-para-pheuylenedi- 
amine  was  the  strongest  of  all.  Detailed 
descriptions  are,  therefore,  omitted. 
Figure  2  illustrates  the  effects  of  meta- 
phenylenediamine  (the  weakest  com- 
pound), and  FigTire  3  the  effects  of 
dimethyl  -  para  -  phenylenediamine  (the 
strongest  compound)  upon  the  circula- 
tion of  dogs. 

Immediately  after  the  intravenous  in- 
jection of  moderate  doses  of  0.5  c.c.  to 
1  c.c.  of  1  per  cent,  per  kilo  of  the  phe- 
nylenediamines  there  was  a  temporary 
fall  of  blood  pressure,  a  decrease  in  the 
pulse  rate,  an  increase  in  cardiac  vol- 
ume (diastolic  tendency),  and  diminu- 
tion in  kidney  volume.  Those  effects 
lasted  from  one-half  to  one  minute,  and 
were  followed  by  a  complete  recovery  of 
all  functions.    One  to  two  minutes  later 
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there  was  a  marked  increase  in  pulse 
rate,  with  diminution  in  cardiac  volume 
(systolic  tendency),  a  rather  marked  and 
sustained  rise  of  blood  pressure  lasting 
from  ten  to  fifteen  minutes,  and  an  in- 
crease in  kidney  volume  as  long  as  the 
pulse  rate  and  blood  pressure  remained 
increased.    After  fifteen  to  twenty  min- 
utes, all  functions  returned  to  their  orig- 
inal conditions.    These  changes  occurred 
with  blood  pressures  below  and  above 
the  shock  level.     With  repeated  small 
doses,  and  with  very  large  single  doses 
the  depressor  action  predominated;  the 
heart  stopped  in  diastole  and  could  not 
be   revived   by   the  usual   resuscitative 
measures — direct  electrical  stimulation, 
increase  in  coronary  pressure,  cardiac 
massage,  injections  of  epinephrine,  digi- 
talis, caffein,  6  per  cent,  acacia,  and  0.9 
per  cent,  sodium  chloride.    As  a  rule  the 
heart  appeared  very  dark.    The  auricles 
continued  to  beat,  while  the  ventricles 
remained    permanently    inhibited.     Oc- 
casionally   ventricular    fibrillation    was 
observed  at  the  end  of  the  experiment. 
The  effects  were  uninfluenced  by  pre- 
vious section  and  atropinization  of  the 
vagi,  and  therefore  were  not  due  to  de- 
pression of  vagus  function.     The  low- 
est effective  intravenous  dose  of  meta- 
phenylenediamine  was  about  0.006  gm. 
per  kilo;   of  the  meta  and  para  com- 
pounds about  0.017  gm.  per  kilo  were 
required  for  definite  and  sustained  ac- 
tion.   The  just  effective  dose  of  dimeth- 
yl-para-phenylenediamine     was     about 
0.003  c.c.  per  kilo,  of  diethyl-para-phe- 
nylenediamine,  0.005  c.c.  per  kilo. 

The  effects  of  the  phenylenediamines 
on  the  circulation  resemble  those  of  caf- 
fein and  pituitary  extract  injected  intra- 
venously, and  are  mainly  cardiac.  The 
initial  or  immediate  effects  are  due  to 
direct  cardiac  depression,  since  all  the 
changes    are    in    the    same    direction — 


slowing  of  the  pulse,  cardiac  dilatation, 
fall  of  blood  pressure,  and  diminution 
in  kidney  volume.  The  depression  from 
small  doses  is  fleeting  and  is  presumably 


jai^iiie. 
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Fig.  2. — Effect  of  meta-i)hon.vlenediamine  bydro- 
chloride  (0.0062  gm.  per  kilo  injected  intniveiious- 
l.vl  on  tlie  circulation  of  a  cunuized  dog  (11  kg.). 
Show.s  the  moderate  rise  of  blotxl  pressure ;  initial 
slowing  of  pulse,  and  cardiac  dilatation  followed 
by  increase  in  pulse  rate  and  systolic  tendency  of 
the  heart.  Very  little  change  in  kidney  volume. 
P=pul.se  rate.  Time  required  for  each  strokes 
five  seconds. 

due  to  reflex  stimulation  of  the  de- 
pressor nerve  from  local  irritation  of 
the  endocardium  by  these  compounds^ 
which  are  powerful  irritants  for  all  tis- 
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sues.  The  depression  cannot  involve  the 
vag-us  mechanism  since  it  occurs  after 
section  and  atropinization  of  the  vagi. 
The  later  action  is  due  to  direct  cardiac 

stimulation,  since  the  changes  are  again 


tion  unless  the  phenylenediamines  pos- 
sess specific  renal  vascular  dilator  ef- 
f ects.  This  does  not  seem  to  be  the  case, 
however,  since  all  excised  vessels,  in- 
cluding the  renal  artery,  are  constricted. 


the  circulation  of  a  curanzed  dog   (12..o  Ivg).     ('^'    ^f°"f  /  "^  7,  n,  wed  bv  miul<ed  and  sustained  rise 
stolic  tendency  of  the  heart   ^"'\^''"^^^^"^"^  ^:!^        Ud/ev   vohime       (B.    Recovery  was 

onds. 


in  tlie  same  direction — increase  in  pulse 
rate,  systolic  tendency  of  the  heart,  sii.s- 
tained  rise  in  blood  pressure,  and  in- 
crease in  kidney  vohtme.  Since  there  is 
an  increase  in  kidney  volume,  the  etfects 
cannot  be  due  to  sympathetic  stimula- 


The  pressor  effects  appear,  therefore,  to 
1,(.  due  to  direct  cardiac  stimulation. 
This  supposition  is  further  sustaiiu'd  by 
the  augment  or  effects  observed  on  per- 
fused turtles'  hearts  and  strips  of  dog's 
veulricU'.  Tlie  toxic  or  final  action  con- 
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sists  of  direct  cardiac  depression  and, 
finally,  paralysis  with  death. 

Turtles'  Hearts. — The  hearts  of  tur- 
tles were  perfused  in  situ  in  the  usual 
way,  that  is,  an  outflow  canniila  was 
placed  in  one  of  the  aortas  and  an  inflow 
cannula  in  a  vena  cava,  and  Einger's 
solution  to  which  the  compounds  were 
added  in  different  concentrations  was 
used.    At  the  same  time  a  record  of  the 


on  a  slowly  moving  kymograph;  the 
ordinary  arrangements  for  excised  or- 
gans were  used.  The  only  effect  ob- 
served was  a  gradual  and  sustained  in- 
crease in  tonus. 

Peripheral  Vessels  of  Frogs.  —  The 
vessels  of  frogs'  extremities  were  per- 
fused according  to  the  Lawen-Trendel- 
enburg  technic.  The  elTects  of  the 
dimethyl    and    diethyl    derivatives    of 
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Fig.  4. — Constrictiou  of  blood  vessels  of  frog's  extremities  by  perfusion  with  diethyl-para-phenylene- 
diaiuine  (diethyl:  base)  and  dimethyl-para-phenylenedianiine  (dimethyl:  base).  Constriction  partly  re- 
lieved by  nitrite.     R  =  frog's  Ringer  solution. 


contractions  was  made  on  a  slowly  mov- 
ing k3anograph.  The  results  on  both  un- 
treated and  atropinized  hearts  consisted 
of  increase  in  tonus  with  some  diminu- 
tion in  amplitude  and  acceleration  of 
rate  with  concentrations  of  1 :20,000  to 
1 :10,000 ;  and  a  fall  of  tonus,  increase  in 
amplitude,  slowing  of  the  pulse,  and 
finally  complete  relaxation  with  stand- 
still in  the  diastolic  position  with  high 
concentrations  (1:1,000).  This  is  con- 
firmative of  the  effects  in  mammals  from 
the  intravenous  injection  of  small  and 
large  doses. 

Dog's  Ventricle. — Strips  of  ventricle 
from  an  atropinized  dog's  heart  were 
immersed  in  warm,  oxygenated  Locke's 
solution,  and  contractions  were  recorded 


para-phenylenediamine  were  stronger, 
and  are  illustrated  by  Figure  •!.  The 
meta  and  para  compounds  were  weaker, 
though  qualitatively  the  effects  were  the 
same. 

The  effects  consisted  of  constriction, 
and  thus  agreed  with  the  effects  on  rings 
of  excised  arteries  and  aorta,  which  will 
be  described  later.  The  concentrations 
that  were  used  ranged  from  1 :20,000  to 
1:5,000,  and  the  constrictions  produced 
bj'  these  concentrations  were  removed 
by  washing  ^\'ith  plain  Ringer's  solution. 
As  a  rule  the  constrictions  were  antag- 
onized by  0.1  per  cent,  nitrite.  These 
results  indicate  that  the  rise  of  blood 
pressure  observed  after  intravenous  in- 
jection of  small  and  moderate  doses  of 
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these  compounds  may  be  due  at  least  in 
part,  though  not  entirely,  to  a  peripheral 
vasoconstriction.  It  will  be  recalled  that 
the  kidneys  in  injection  experiments 
usually  showed  an  increase  in  volume 
indicating  a  vascular  relaxation,  while 
excised  renal  artery  was  constricted. 
This  simply  means  that  the  vessels  in 
intact  mammals  play  an  uncertain,  and 
presumably  minor,  role  in  the  pressor 
action  of  the  phenylenediamines,  and 
that  the  main  action  depends  upon  the 
marked  cardiac  stimulation. 

7.     Respiration 

The  main  effect  of  the  phenylenedia- 
mines on  respiration  consisted  of  an  in- 
crease in  rate.  This  was  observed  after 
hypodermic  and  gastric  administrations 
in  intact  dogs,  cats,  rabbits,  white  rats, 
and  guinea-pigs.  The  wheezing,  asth- 
matic respiration  occurring  in  rabbits 
with  edema  of  the  tongue  and  neck  from 
para-phenylenediamines  was  attributed 
by  Erdmann  and  Vahlen,  and  Meissner 
to  edema  in  the  upper  respiratory  pas- 
sages, including  the  glottis.  The  edema 
is  undoubtedly  a  factor  in  this,  since 
tracheotomy  with  the  introduction  of  a 
cannula  in  the  trachea  gives  marked  re- 
lief. My  experiments  on  bronchial  tone 
indicate  that  there  is  also  some  bronchial 
constriction.  This  will  be  described  in 
the  next  section. 

Intravenous  injection  in  dogs  and 
cats,  whose  respiration  was  recorded  by 
means  of  a  tambour  joined  to  a  large 
T-tube  in  the  trachea,  showed  that  there 
was  principally  an  increase  in  rate  im- 
mediately after  injection,  followed  by 
a  slower  respiration  of  greater  depth. 
This  occurred  during  the  initial  depres- 
sor action,  and  the  respiratory  change 
was  the  result  of  a  brief  period  of  ane- 
mia. When  the  blood  pressure  recovered 


and  rose  above  the  previous  level,  there 
was  a  recovery  of  the  respiratory  rate 
and  volume  to  the  previous  condition. 
Further  injections  of  the  phenylenedia- 
mines usually  resulted  in  tremors  and 
eon\Talsions  with  corresponding  dis- 
turbances in  respiration;  as  the  convul- 
sions subsided  the  respiration  also  re- 
covered. 

In  rabbits,  the  respiratory  rate  and 
volume  were  reduced  during  the  de- 
pressor action  and  increased  when  the 
blood  pressure  rose  above  the  previous 
level.  This  augmentation  in  respiration 
continued  until  the  level  of  blood  pres- 
sure was  again  changed.  With  continued 
injections,  convulsions  supervened  and 
markedly  disturbed  the  respiration  in 
the  usual  way.  Fatal  doses  finally 
stopped  the  respiration  altogether. 

8.    Effects  on  Smooth  Muscle 

The  effects  of  phenylenediamines  on 
smooth  muscle  are  described  for  the  first 
time  in  this  paper.  They  were  observed 
on  excised  and  intact  organs.  The  fol- 
lowing organs  were  used:  frog's  stom- 
ach, esophagus,  and  bladder;  intestine, 
uterus,  and  bladder  of  rabbits;  pig's 
ureter;  pupil  of  frog's  excised  eye,  and 
intact  eye  of  rabbit;  intact  bronchi  of 
dog  and  guinea-pig;  and  excised  aorta 
of  rabbit  and  renal  artery  of  dog.  A 
great  many  experiments  were  made  and 
the  excised  organs  were  treated  in  vari- 
ous ways  for  the  purpose  of  analyzing 
the  mechanism  of  the  actions  produced. 

With  excised  intestine,  uterus,  blad- 
der, ureter,  and  esophagus,  longitudinal 
strips  were  made  and  suspended  in 
warm,  aerated  Tyrode's  solution,  and 
records  were  made  directly  on  a  slowly 
moving  kymograph.  Frog's  stomach 
was  used  in  the  form  of  ring  prepara- 
tions from  the  fundus.  Aorta  and  renal 
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artery  were  also  used  in  the  form  of 
rings.  The  enucleated  frog's  eyes  were 
placed  into  little  rings  made  from  rub- 
ber tubing,  and  the  solutions  were  ap- 
plied directly.  The  experiments  on 
bronchial  tone  will  be  described  sepa- 
rately. It  will  be  impossible  to  present 
records  from  all  organs  and  under  dif- 
ferent conditions ;  instead,  however,  de- 


they  differed  quantitatively,  however. 
This  difference  mil  be  discussed  pres- 
ently. 

Intestine,  Uterus,  Stomach,  Ureter, 
Bladder,  and  Excised  Artery. — The  ac- 
tion of  the  phenylenediamines  on  the 
excised  stomach  and  intestine  occurs  in 
two  stages.  The  first,  or  initial  stage, 
occurs  immediately  after  the  application 


Fig.  5. — Effects  of  tUmeth.vl-para-phenyleneiliamine  (1:1.000  of  base)  on  lon>.'itii(Iinal  strip  of  un- 
treated raliliit's  intestine  in  .50  e.c.  of  Tyrode's  solution  at  39°  C.  Time  required  for  eacii  strolve=:fivp 
seconds.  Sliows  depression  for  six  minutes,  followed  by  marked  tonus  augmentation  whicli  lasted  for 
the  next  ten  minutes,  then  gradually  fell  and  was  slightly  lowered  by  atropine  and  epinephrine. 


scriptive  summaries  with  illustrative 
tracings  of  the  actions  on  the  uterus, 
bladder,  and  intestine  will  suffice.  The 
differences  in  the  various  compounds 
mil  also  be  discussed  briefly.  Figures 
5,  6,  7,  8,  and  9  indicate  typical  effects 
with  meta-phenylenediamine  and  para- 
phenylenediamine  and  the  dimethyl  and 
diethyl  derivatives  of  para-phenylene- 
diamine. 

It  was  found  that  the  phenylenedia- 
mines possessed  definite  and  powerful 
actions  on  smooth  muscle.  Qualitative- 
ly, the  responses  with  the  different  com- 
pounds studied  were  practically  the 
same,  except  in  the  case  of  the  pupil; 


of  the  compounds.  It  is  characterized 
by  a  fleeting  depression  of  the  tonus  and 
amplitude  of  the  contractions,  and  a 
slowing  of  the  rate,  contractions  being 
barely  perceptible  with  meta-phenylene- 
diamine, definitely  present  with  para- 
phenylenediamine  and  diethyl-para- 
phenylenediamine,  and  most  pronounced 
with  dimethyl-para-phenylenediamine. 
This  depression  usually  lasts  from  one- 
lialf  to  one  minute,  but  may  last  as  long 
as  five  minutes  if  dimethyl-para-phenyl- 
enediamine is  used.  It  was  generally 
absent  with  strips  of  excised  renal  ar- 
tei-y,  aorta,  uterus,  ureter,  and  bladder. 
In  other  words,  the  temporary  depres- 
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sion  appeared  to  occur  with  those  organs 
(intestine  and  stomach)  which  are  in- 
nervated by  inhibitory  sympathetic 
fibers.  The  same  occurred  after  prelim- 
inary treatment  of  these  organs  with 
apocodeine,  which,  according  to  some 
investigators,  should  exclude  the  sym- 
pathetic fibers  from  the  site  of  action. 
The  temporary;  initial  depression  of  the 


Fig.  6. — Effect  of  (limetli.vl-para-.pheiiylenetlia- 
mine  (liase,  1:800 1  on  untreated  pregnant  uterus 
of  cat  in  Tyrode's  solution.  Time  required  for  eacli 
stroke=five  .seconds.  Shows  marked  increase  In 
tonus  and  rate  of  peristalsis  which  lasted  for  ten 
minutes. 

intestine  and  stomach  was  followed  by  a 
much  more  pronounced  and  sustained 
auginentor  action  on  all  the  organs 
studied.  This  constituted  the  second  or 
principal  stage  of  action  on  the  intes- 
tine and  stomach,  and  the  only  action 
on  the  uterus,  artery,  ureter,  and  blad- 
der (also  bronchi).  The  eventual  effect 
of  high  concentrations  was  depression 
and  paralysis  of  all  organs. 

The  principal  action  of  the  phenylene- 
diamines  on  organs  containing  smooth 
muscle  consisted  of  a  marked  and  last- 
ing increase  in  tonus,  with  correspond- 
ing diminution  in  amplitude  and  a  slight 
but  variable  increase  in  the  rate  of  con- 
tractions. This  action  was  most  pro- 
nounced with  dimethyl-para-phenyleno- 
diamine,  and  least  (tonus  augmentation) 
with  meta-phenylenediamine.  Meta- 
phenylenediamine  caused  principally  an 
increase  in  amplitude  of  contractions  of 


the  intestine,  uterus,  stomach,  and  ure- 
ter, which  lasted  from  five  to  ten  min- 
utes. There  was  no  increase  in  tonus  in 
any  of  the  organs  (except  in  the  excised 
artery)  and  then  it  was  barely  detect- 
able. Para-])henylenediamine  produced 
a  moderate  increase  in  tonus  of  all  or- 
gans, and  diethyl-para-phenylenedia- 
mine  caused  a  still  fiirther  increase, 
while  dimethyl-para-phenylenediamine 
was  the  most  powerful  of  all.  This 
gradation  in  tonus  action  of  the  phenyl- 
enediamines  agrees  in  general  with 
their  toxicity  and  actions  upon  other 
functions — that  is,  meta-phenylenedia- 
mine is  the  least  powerful,  the  para  com- 
])ound  the  next,  then  diethyl-para-phe- 
nylenediamine,  and  finally,  dimethyl- 
para-phenylenediamine  which  is  the 
most  powerful.  As  would  be  expected,  the 
diminution  in  amplitude  and  rate  of  con- 
tractions was  proportional  to  the  tonus 
increasing  action  of  these  compounds, 
and  was  least  pronounced  with  meta- 
phenylenediamine  and  most  pronounced 
with  dimethyl-para-phenylenediamine. 

The  tonus  augmentor  action  suggested 
that  tlie  mechanism  of  the  action  of 
para-phenylenediamine  was  on  the  mus- 
cle itself.  This  proved  to  be  the  case, 
since  it  occurred  after  exclusion  of  the 
ganglia  and  nerve  endings  by  previous 
treatment  of  the  organs  with  nicotine, 
atropine,  and  apocodeine,  and  also  after 
inhibition  of  the  intestine  by  epine- 
phrine. Atropine  and  epinephrine  only 
slightly  depressed  the  marked  increase 
in  tonus  of  some  preparations,  and  left 
others  entirely  unaffected.  On  the  other 
hand,  the  increase  in  tonus  was  prompt- 
ly abolished  by  chelidonine  and  papaver- 
ine, whose  actions  were  on  the  muscle 
exclusive  of  nerve  endings.  It  is  con- 
cluded, therefore,  that  the  mechanism  of 
tonus  augmentation  in  excised  uterus, 
intestine,  stomach,  ureter,  bladder,  and 
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artery  by  the  phenylenediamiues  con- 
sists of  direct  stimulation  of  smooth 
muscle  independently  of  nerve  connec- 
tions. This  agrees  with  the  stinuilaut 
action  on  cardiac  musculature  discussed 
in  a  previous  section. 

The  effects  on  the  pupil  correspond 
to  the  very  late  and  toxic  actions  on  ex- 
cised organs,  that  is,  depression.  These 
may  now  be  described. 

Piil)il. — Enucleated  frog's  eyes  and 
intact  rabbit's  eyes  were  used.  Briefly 
summarized,  the  dimethyl  and  diethyl 
derivatives  of  para-phenylenediamine 
in  1  per  cent,  concentrations  caused 
moderate  relaxation  of  the  pupils  and 
rather  marked  corneal  opacities  in  the 
majority  of  eight  enucleated  eyes.  Irri- 
gation with  a  solution  of  fluorescein 
showed  permanent  staining,  indicating 
injury  to  the  cornea.  The  dilated  pupils 
of  enucleated  eyes  were  sluggishly  re- 
sponsive to  light  and  unaffected  by  im- 
mersion into  1  per  cent,  solutions  of 
pilocarpine,  physostigmine,  and  barium 
chloride  (also  10  per  cent,  barium  solu- 
tion), while  the  controls  responded  by 
constriction  in  the  usual  way.  The  pu- 
pils of  two  rabbits  were  only  moderately 
relaxed,  that  is,  from  about  5.5  mm. 
(original  diameter)  to  about  6.5  mm. 
(one-half  hour  after  dimethyl-para- 
phenylenediamine  had  been  applied). 
This  effect  was  not  antagonized  by 
physostigmine.  Conjunctivitis  and  cor- 
neal opacities  were  present  from  both 
compounds.  These  effects  were  inter- 
preted as  intlanmiatory  injury  to  the 
eye,  with  moderate  depression  of  the 
iris  musculature.  Similar  pupillary  and 
conjunctival  changes  were  not  seen  in 
injected  animals,  until  the  convulsant 
stage  when  dilatation  occurred  from  tlic 
asjjhyxia.  Meta-plK'nylcnediamine  and 
para-phenylencdiaiiiine  produced  no 
noteworthy  effects.    Since  the  pupillary 


changes  were  rather  inconstant  and  in- 
sigiiificant,  the  study  was  not  pursued 
further.  Troell*  found  the  effects 
of  para-phenylenediamine  on  the  pupil 
of  different  species  (dog,  cat,  rabbit,  and 
guinea-pig)  to  be  variable.  Pupillodila- 
tation  was  not  always  obtained,  and  it 
was  uninfluenced  by  section  of  the  cer- 
vical sympathetic  ganglion  and  pre\i- 
ous  removal  of  the  cervical  ganghon. 
The  exophthalmos  and  orbital  edema 
also  persisted  after  section  of  the  sym- 
pathetic ganglion. 

Bronchi. — A  knowledge  of  the  bron- 
cliial  effects  is  of  importance  in  explain- 
ing the  wheezing  and  asthmatic  respira- 
tion of  animals  injected  with  para- 
phenylenediamine,  and  the  astluna  of 
workers  with  fur  dyes.  It  was  indicated 
earlier  in  the  paper  that  the  dyspnea  of 
animals  with  edema  of  the  neck  and 
face  from  para-phenylenediamine  was 
due,  in  part,  to  swelling  of  the  tongue 
and  of  the  pharynx.  There  was  prob- 
ably also  a  bronchial  element,  since 
bronchoconstriction  occurred  after  the 
injection  of  dimethyl-para-phenylene- 
diamine  and  para-phenylenediamine. 
This  was  shown  in  five  decerebrate  dogs 
and  seven  intact  guinea-pigs. 

In  the  dogs,  which  were  previously 
morpliinized  and  decerebrated,  changes 
in  bronchial  tone  were  registered  from 
a  Meltzer  pleural  cannula  joined  by  rub- 
ber tubing  to  a  tambour,  which  recorded 
the  excursions  on  a  slowly  moving  kymo- 
graph. Artificial  respiration  was  used 
to  produce  the  excursions  which  were 
reduced  dui-ing' bronchial  constriction 
and  increased  as  a  result  of  relaxation. 
Figures  10  and  11  illustrate  the  effects 
of  para-phenylenediamine  and  dimethyl- 
l)ara-phenylenediamine  on  dog's  bron- 
clii. 

•Ti-oell.  A. :  Some  Attempts  to  rroduce  Exoph- 
thalmos ExperimeutaUy.  Arch.  Int.  Med..  l!»l(i. 
17,  382. 
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The  intravenous  injection  of  dimethyl- 
para-plien.ylenediamine  and  para-phe- 
nylenedianiine  was  found  to  give  defi- 
nite bronchoconstriction,  and  this  was 
promptly  relieved  by  epinephrine  and 
atroijine.  The  doses  which  gave  unmis- 
takable   effects — namely,    0.03    gm.    per 


Fig.  10. — Effect  of  i>arii-phenjlenedianiine  hydro- 
chloride (neutral;  O.Ot!  gin.  per  kilo  intravenously  I 
on  bronchi  of  decerebrated  dog  (17.5  kg.).  Con- 
striction relieved  by  epinephrine  intravenously. 
Time  reciuired  for  each  stroke  =  tive  seconds. 

kilo  of  para-phenylenediamineand  0.0011 
gm.  per  kilo  of  its  dimethyl  derivative — 
usually  killed  the  animals.  Smaller 
doses  gave  less  pronounced  effects. 
Meta-phenylenediamine  in  the  dosage  of 
0.05  gm.  per  kilo  injected  intravenously 
produced  no  definite  effects  on  intact 
bronchi. 

The  effects  of  intravenous  injection 
of  0.05  to  0.5  gm.  per  kilo  of  dimethyl- 
para-phenylenediamine  into  three  guin- 


ea-pigs consisted  of  marked  increase  in 
respiratory  rate,  dyspnea,  restlessness, 
gasping,  and  convulsions;  at  the  end  of 
about  ten  minutes,  there  Avas  a  marked 


F*rG.  11. — Effect  of  diniethyl-para-pheuyleuedia- 
miue  (ba.se,  0.0011  gm.  per  kilo  intravenously) 
on  bronchi  of  decerebrated  dog  (-1.4  kg.).  (A) 
Bronchoconstriction  from  stimulation  of  periph- 
eral ends  of  both  vagi  with  Harvard  iuductorium 
at  12  cm.  (B)  Bronchoconstriction  from  0.0011 
gm.  per  kilo  of  dimethyl-pa ra-phenyleuetliamine 
independently  of  marked  change  in  blood  pressure, 
relieved  by  epinephrine  (1  <-.c.  of  1:10,000  intra- 
venously). Time  required  for  each  stroke  =  tive 
seconds. 

motor  depression  and  the  animals  lay 
on  their  sides.  At  the  end  of  fifteen 
minutes  the  animals  were  dead,  the  res- 
piration having  stopped  before  the 
heart.  At  autopsy  the  lungs  were  found 
to  be  congested,  hemorrhagic,  and  defi- 
nitely  distended,    and    they   floated    on 
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ether;  these  findings  indicated  that  the 
lungs  contained  air  from  bronchocou- 
striction  as  in  true  anaphylactic  shock 
and  from  certain  anaphylactoid  poisons 
demonstrated  in  previous  studies.  The 
hearts  were  not  dilated. 

The  results  with  para-pheuyleuedia- 
mine  and  meta-pheuyleuediamine  on 
guinea-pigs  were  not  so  well  defined  as 
those  with  dimethyl-para-phenylenedia- 
mine,  although  the  majority  of  the  ani- 
mals used  showed  evidences  of  broncho- 
constriction.  Two  guinea-pigs  were  in- 
jected intravenously  with  0.042  gm.  and 
0.26  gm.  per  kilo  of  para-pheuylenedia- 
mine  hydrochloride,  respectively.  Ana- 
phylactoid symptoms  were  indicated  in 
both  animals  by  restlessness,  shivering, 
jerky  movements,  increased  respiratory 
rate,  and  dyspnea.  At  the  end  of  half 
an  hour  both  animals  were  killed.  At 
autopsy,  the  lungs  of  the  animal  which 
received  0.042  gm.  per  kilo  were  pale 
and  partially  distended  and  floated  on 
ether,  while  the  lungs  of  the  animal 
which  received  0.26  gm.  per  kilo  were 
collapsed,  and  sank  in  ether.  The  two 
guinea-pigs  which  were  injected  with 
meta-phenylenediamine  hydrochloride 
(0.11  gm.  and  0.3  gm.  per  kilo,  respec- 
tively) showed  moderate  anaphylactoid 
symptoms,  consisting  of  moderate  dysp- 
nea and  some  increase  in  respiratory 
rate.  The  effects  were  not  fatal  and  the 
animals  were  killed  at  the  end  of  half  an 
hour.  At  autopsy  the  lungs  of  both  ani- 
mals were  distended,  hemorrhagic,  and 
lighter  than  ether.  From  the  results  of 
injection  experiments,  together  with  the 
results  of  experiments  on  guinea-pigs, 
it  appears  justifiable  to  conclude  that  the 
phenylenediamines  studied  cause  con- 
striction of  bronchi,  and  that  the  effects 
are  most  marked  with  dimethyl-para- 
phenylenediamine  and  least  marked  wiili 
meta-phenylenediamine. 


9.     Skeletal  Muscle 

Thus  far  it  has  been  seen  that  'the 
phenylenediamines  are  powerful  stimu- 
lants of  smooth  and  cardiac  muscles.  In 
order  to  make  the  study  more  complete, 
observations  were  made  on  the  skeletal 
muscle  of  frogs.  Two  sets  of  experi- 
ments were  made.  In  one  set,  the  phe- 
nylenediamines (in  the  form  of  hydro- 
chlorides and  of  bases)  were  applied  di- 
rectly to  frog's  gastrocnemius  muscle  in 
Ringer's  solution,  and  the  contractions 
were  recorded  on  a  slowly  moving  kymo- 
graph. The  results  consisted  of  an  in- 
crease in  tonus,  with  concentrations  of 
1 :10,000,  and  depression  by  further  addi- 
tion of  solutions  of  1 :1,000  strength.  In 
the  other  set  of  experiments,  frog's  gas- 
trocnemii  were  stimulated  with  minimal 
break  stimuli  before  and  after  immer- 
sion of  the  muscles  in  solutions  of  dif- 
ferent strengths.  The  results  invariably 
showed  an  increase  in  contractility  with 
solutions  of  1 :10,000  of  the  different 
phenylenediamines,  and  depression  with 
higher  concentrations  (1  per  cent.). 
These  results  agree,  therefore,  with  the 
actions  on  other  muscles. 

.  10.     Excretion 

This  was  observed  in  animals  and  in 
three  human  subjects.  The  gastric  and 
hypodermic  administration  of  para- 
phenylenediamine  to  rabbits,  and  of 
dimethyl-para-phenylenediamine  to  rab- 
bits and  dogs  caused  marked  discolora- 
tion of  the  urine.  The  uriiu's  appeared 
dark  bro\vn  and  their  color  was  intensi- 
fied by  the  addition  of  hydrogen  perox- 
ide and  ferric  chloride.  This  means  that 
these  compounds  were  excreted  as  such 
in  part,  and  that  the  darkening  of  the 
urine  as  a  result  of  the  addition  of  oxi- 
dizing  agents    was    due    tn    (|iiiii(niedi- 
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imine.  Whether  or  not  quinonediimine 
was  formed  in  the  body  is  not  definitely 
known,  although  its  presence  in  urine 
was  suggested  by  the  dark  color.  Erd- 
mann  and  Vahlen  laid  stress  on  this 
point,  believing  that  the  formation  of 
quinonediimine  in  the  body  was  respon- 
sible for  the  irritation  and  edemas  pro- 
duced by  these  compounds  when  admin- 
istered systemically. 

Subjects  W.  C,  P.  J.  H.,  and  D.  each 
took  0.5  gin.  of  meta-phenylenediamino 
hydrochloride  (lentin)  by  mouth  and 
collected  urinary  specimens  at  the  end 
of  fifteen  minutes,  one  hour,  four  hours, 
and  twelve  hours.  Griess'  meta-phenyl- 
enediamine-nitrite  reaction  was  applied 
to  the  urines.  This  was  done  by  render- 
ing 20  c.c.  of  urine  alkaline  with  5  per 
cent,  ammonium  hydroxide;  then  the 
mixtures  were  warmed  and  acidified 
with  10  per  cent,  sulphuric  acid,  and  a 
few  drops  of  1  per  cent,  sodium  nitrite 
were  added.  The  presence  of  meta- 
phenylenediamine  was  indicated  by  the 
development  of  an  intense  yellowish 
brown  to  deep  brown  (Bismarck  brown) 
color.  When  the  test  was  applied  in 
this  way  to  all  urines,  only  the  four-hour 
and  twelve-hour  specimens  in  two  of  the 
subjects  (W.  C.  and  P.  J.  H.)  gave  im- 
mistakable  bro^\^lish  colorations,  indi- 
cating the  presence  of  meta-phenylene- 
diamine.  The  fact  that  both  of  these 
specimens  were  darker  in  color  than  the 
fifteen-minute  and  one-hour  specimens 
of  these  subjects  indicated  the  presence 
in  the  urines  of  the  oxidation  product, 
quinonediimine.  The  urines  of  subject 
D.  were  light  in  color  and  gave  negative 
results  with  Griess'  reaction.  Appar- 
ently the  meta-phenylenediamine  was 
not  absorbed,  or  else  the  urines  were  too 
dilute.  None  of  the  subjects  experienced 
any  symptoms  after  taking  the  drug. 
Under  the  name  of  lentin,  meta-phenyl- 


enediamine has  been  advocated  as  an 
antidiarrheal  remedy.  When  the  facts, 
namely,  that  it  increases  the  peristalsis 
of  excised  intestine,  that  it  is  not  astrin- 
gent, and  that  it  is  absorbed  to  some 
extent  (as  indicated  by  its  excretion), 
are  considered,  it  is  difEcult  to  under- 
stand the  basis  for  its  alleged  anti- 
diarrheal action. 

V.    Discussion 

The  results  of  this  study  indicate  that 
the  phenylenediamines  are  definitely 
toxic  compounds.  Dimethyl-para-phe- 
nylenediamine  was  found  to  be  the  most 
toxic,  and  meta-phenylenediamine  prob- 
ably the  least  toxic,  although  in  some 
animals  it  appeared  to  be  about  as  toxic 
as  para-phenylenediamine.  Diethyl- 
para-phenylenediamine  is  about  as  toxic 
as  the  para  compound.  A  summary  of 
the  principal  actions  of  the  phenylene- 
diamines studied  is  presented  in  Table 
2,  and  requires  no  further  discussion. 
The  rapid  development  of  symptoms  of 
toxicity  after  dermal  application  is  a 
unique  feature  among  the  actions  of 
dimethyl-para-phenylenediamine  and 
diethyl-para-phenylenediamine,  the  fa- 
tal dosage  from  skin  being  practically 
no  greater  than  that  l)y  hypodermic  ad- 
ministration. This  indicates  unusual 
rapidity  of  absorption  and  is  connected 
with  the  marked  volatility  and  lipoid 
solubility  of  these  bases.  On  the  as- 
sumption that  the  absorption  from  hu- 
man skin  is  about  the  same  as  that  from 
rabbit's  skin,  it  is  estimated  that  about 
a  teaspoonful  of  dimethyl-para-phenyl- 
enediamine held  on  the  palm  of  the  hand 
would  constitute  a  fatal  dose  for  an 
adult  man  of  60  kilos  body-weight.  This 
is  of  importance  in  poisoning  from  the 
handling  of  the  compound  itself  and  of 
articles  dyed  and  treated  with  it  in  vari- 
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ous  industries.  It  means  that  effects  on 
the  higher  functions  are  possible  from 
skin  absorption.  Barring  individual 
ditfierences,  dimethyl-para-phenylenedi- 
amine  is  one  of  the  most  efficient  skin 
irritants  kno^^^l,  though  probably  not 
surpassing  dichlorethylsulphide  (mus- 
tard gas)  whose  actions  it  does  not  mod- 
ify sufficiently  to  be  of  therapeutic  im- 
portance in  the  treatment  of  burns  and 
othe:"  ^.esions.  Its  toxicity  is  against  its 
use  for  this  purpose.  Furthermore, 
these  compounds,  in  basic  form,  are 
volatile,  and  their  vapors  cause  death 
when  inhaled  by  animals.  They  also  act 
as  irritants  to  the  respiratory  tract, 
causing  and  rendering  it  susceptible  to 
rhinitis,  pharyngitis,  broncliitis,  and 
even  pneumonia  if  enough  is  inhaled. 

The  salts  are  non-irritant  for  skin,  and 
indicate  a  method  of  treatment  of  the 
lesions  produced  by  the  bases.  Accord- 
ingly, acetic  acid,  which  can  be  used 
without  injury  in  fairly  high  concentra- 
tions (10  per  cent,  and  higher),  was 
found  to  be  efficient  for  prevention  of 
lesions  before  marked  itching  occurred. 

Under  the  conditions  of  the  experi- 
ments, para-phenylenediamine  and  meta- 
phenylenediamine  were  not  sufficiently 
irritant  to  the  skin  of  animals  and  of 
man  to  require  further  discussion. 
This  might  be  quite  different  with  re- 
peated applications  or  with  applications 
applied  to  the  injured  skin,  and  in  in- 
stances of  chronic  poisoning  from  the 
use  of  para-phenylenediamine  in  hair 
dyes  and  in  dyed  furs  in  the  fur  indus- 
try. 

All  the  phenylenediamines  produce 
definite  systemic  effects  after  absorp- 
tion. They  stimulate  the  circulation, 
respiration,  and  smooth  muscle  of  ex- 
cised organs,  and  cause  bronchocon- 
striction.  Asthma  and  local  inflamma- 
tions  of   the   respiratory   tract    among 


workers  in  the  fur  dyeing  industry  are 
commonly  reported.  The  claim  that 
sensitization  from  articles  dyed  or 
treated  with  phenylenediamine  and  its 
oxidation  product  will  explain  the  symp- 
tomatology on  the  basis  of  anaphylaxis, 
was  found  to  be  untenable.  The  phenyl- 
enediamines, and  presumably  also  quin- 
onediimine,  irritate  directly  through 
their  inherent  chemical  properties  and 
do  not  act  through  other  mechanisms. 
The  local  irritation  occurs  independent- 
ly of  precipitation  in  the  tissues.  It  is 
more  probable  that  direct  bronchial 
stimulation  and  irritation  by  para- 
phenylenediamine,  rather  than  anaphy- 
laxis, are  the  cause  of  the  asthma  of  fur 
dyers.  Disturbances  of  the  circidation 
and  alimentary  tract  from  the  phenyl- 
enediamines under  industrial  conditions 
are  also  conceivable.  Workmen  should, 
therefore,  be  protected  against  these 
compounds  in  industry,  and  the  use  of 
para-phenylenediamine  in  hair  dyes  and 
other  cosmetics  should  bo  prohibited. 

The  production  of  facial  and  cervical 
edemas  by  para-phenylenediamine,  and 
of  hydrothorax  and  possibly  hydroperi- 
toneum  by  meta-phenylenediamiue  is  of 
interest  mainly  to  experimental  pathol- 
ogy and  pharmacology.  Facial  and  cer- 
vical edemas  in  human  individuals  have 
been  reported  in  poisoning  from  the  use 
of  hair  dyes  containing  para-phenylene- 
diamine. 

Therapeutically,  the  phenylenedia- 
mines are  of  no  significance.  A  scientific 
basis  for  the  alleged  antidiarrheal  and 
antidysenteric  properties  of  meta-phe- 
nylenediamine  (lentin)  is  lacking,  and  its 
use  is  unwarranted.  Experimental  evi- 
dence indicates  that  it  would  increase 
peristalsis,  if  anything,  and  that  it  might 
be  harmful  other-wn'se  (by  the  jji-oduc- 
tion  of  effusions). 
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VI.    Conclusions 


1.  The  phenylenediamines,  which  are 
used  extensively  in  industry,  arts,  and 
science,  are  definitely  toxic  compounds 
and  possess  a  variety  of  striking  phar- 
macological actions. 


marked  lipoid  solubility,  dimethyl-para- 
phenyleuediamine  and  diethyl-para-phe- 
nylenediamine,  in  basic  form,  are  ab- 
sorbed from  the  unbroken  skin  of  rab- 
bits, and  cause  systemic  symptoms  of 
poisoning  and  death.  The  vapors  of 
dimethyl  -  para  -  phenylenediamine     are 


TABLE  2.— SUMMARY  OF  IMPORTANT  ACTIONS  OF   SOME  PHENYLENEDIAJIINES 
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'  Intestine,    uterus,    bladder,    stomach,    ureter,   aorta,    pupil    (also  intact  pupil)   and  intact  bronchi. 
'  Increase  in  pulse  rate,  rise  in  blood  pressure,  systolic  tendency  of  heart  and  increase  in  kidnej-  volume. 
and  Bystolic  tendency  of  excised  turtle  heart  and  increased  tone    of  dog's  ventricle   (strips). 


2.  According  to  the  minimal  fatal  dos- 
age in  several  species,  the  compounds 
that  were  studied  arrange  themselves  in 
descending  order  of  toxicity  as  follows : 
dimethyl-para-phenylenediamine,  dieth- 
yl-para-plienyleuediamine,  para-phenyl- 
enediamine,  and  meta-phenylenedia- 
mine. 

3.  Because    of    their    volatility    and 


toxic  to  animals. 

4.  Locally,  dimethyl-para-phenylene- 
diamine and  diethyl-para-phenylenedia- 
mine,  in  basic  form,  are  marked  irri- 
tants, and  cause  dermatitis  with  marked 
edema  of  the  skin  of  rabbits  and  dogs, 
and  dermatitis  and  vesication  on  human 
sldn.  Their  salts  are  non-irritant. 
Treatment  of  skin  with  acetic  acid  before 
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itchiug  develops  prevents  the  burns. 
Meta-phenylenediamine  and  para-phe- 
nylenediamine  are  very  slightly,  or  not 
at  all,  irritant  in  acute  experiments,  but 
the  result  might  be  different  with  re- 
peated applications  or  with  applications 
on  broken  skin.  Gastric  administration 
causes  nausea  and  vomiting  in  cats  and 
dogs. 

5.  Systemically,  all  the  phenylene- 
diamines  cause  definite  symptoms — 
namely,  stimulation  of  the  circulation 
and  respiration,  fall  of  body  tempera- 
ture, tremors,  increased  reflex  excita- 
bility, convulsions,  coma,  and  death. 

6.  Intravenously,  the  circulatory  ef- 
fects are  characterized  by  initial  fleeting 
depression,  followed  by  marked  stimu- 
lation of  cardiac  musculature  with  cor- 
responding changes  in  pulse  rate,  car- 
diac volume,  blood  pressure,  and  kidney 
volume. 

7.  The  convulsions  in  mammals  are 
due  to  the  compounds  themselves.  In 
frogs,  a  narcotic  or  morphine-like  ac- 
tion occurs. 

8.  Besides  these  changes,  the  hypo- 
dermic and  gastric  administrations  of 
para-phenylenediamine  produce  in  rab- 
bits a  peculiar,  specific  edema  of  the 
face,  nose,  tongue,  conjunctiva,  and 
neck,  while  meta-phenylenediamine 
causes  hydrothorax,  and  possibly  hydro- 
peritoneum.  The  dosage  necessary  to 
produce  this  effect,  and  the  response  of 
rabbits  are  variable.  White  rats  failed 
to  respond  with  edema  and  exudate  for- 
mation to  the  meta  and  para  compounds ; 
and  rabbits,  white  rats,  cats,  and  dogs 
failed  to  respond  to  dimethyl-para- 
phenylenediamine  and  diethyl-para- 
phenylenediamine,      because      of      the 


marked  toxicity  of  these  compounds. 

9.  The  production  of  edemas  and  exu- 
dates by  these  compounds  is  of  interest 
to  experimental  pathology  and  pharma- 
colog}^  The  mechanism  by  which  these 
lesions  are  produced  remains  unsolved.^ 

10.  The  principal  action  of  the  phe- 
nylenediamines  on  smooth  muscle  of  ex- 
cised organs  (intestine,  stomach,  esoph- 
agTis,  uterus,  ureter,  bladder,  aorta,  and 
renal  artery)  consists  of  stimulation  in- 
dependently of  nerve  connections,  and 
is  most  pronounced  (especially  tonus) 
with  dimethyl-para-phenylenediamine 
and  least  pronounced  with  meta-phenyl- 
enediamine. The  pupils  of  enucleated 
and  intact  eyes  are  dilated,  and  intact 
bronchi  are  constricted. 

11.  The  asthma  and  respiratory 
sjinptoms  of  workers  in  the  fur-dye  in- 
dustry, in  which  para-phenylenediamine 
is  used,  are  due,  therefore,  to  direct  irri- 
tation and  bronchial  stimulation  rather 
than  to  anaphylaxis. 

12.,  The  results  of  this  investigation 
indicate  that  workmen  should  be  pro- 
tected against  the  phenylenediamines 
used  in  various  industries,  and  that  the 
use  of  ijara-phenylenediamine  in  hair 
dyes  and  cosmetics  should  be  prohibited. 

13.  Therapeutically,  the  phenylene- 
diamines are  of  no  importance,  and  a 
scientific  basis  for  the  alleged  benefits 
of  meta-phenylenediamine  (lentin)  as 
an  antidiarrheal  and  antidysenteric 
remedy  is  lacking. 

'While  this  paper  was  in  galley  proof,  a  paper 
entitled.  "The  Edema  of  Paraphenylenediamin," 
by  O.  S.  Gibbs,  appeared  in  the  Journal  of  Phar- 
macology and  Experimental  I'lierapeutics.  1922, 
20,  221.  Gibbs  leaves  the  mechanism  of  the  ede- 
ma (in  cats)  unsolved,  although  he  suggests 
changes  in  blood  colloids  as  being  fundamentally 
concerned.  Ilis  evidences  for  this  are  not  con- 
vincing. 
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Iktroduction 

THE  problem  of  resuscitation  from 
carbon  monoxide  asphyxia  pos- 
sesses far  greater  complexity  than  is 
offered  in  the  case  of  resuscitation  either 
from  drowning  or  from  electric  shock. 
In  these  latter  cases,  as  Henderson  and 
Haggard  (1)  have  pointed  out  in  the 
first  report  of  this  Commission,  the  pa- 
tient is  practically  saved  when  respira- 
tion has  been  restored.  There  is  little  or 
no  question  of  effects  which  may  express 
themselves  hours  or  even  days  after- 
wards. Furthermore,  these  two  com- 
mon types  of  accident  are  essentially 
acute.     In  drowning,  for  example,  the 

*Report  II  of  the  Commission  on  Eesuscitation 
from  Carbon  Monoxide  Asphyxia.  Personnel  of 
the  Commission :  Cecil  K.  Drinker,  M.D.,  Associate 
Professor  of  Applied  Phj'siology,  Harvard  Medical 
School,  Chairman ;  Walter  B.  Cannon,  M.D.,  Pro- 
fessor of  Physiolog}',  Harvard  Medical  School ; 
David  L.  Edsall,  M.D.,  Dean  of  the  Harvard  Med- 
ical School,  and  Professor  of  Clinical  Medicine, 
Harvard  Medical  School ;  Howard  W.  Haggard, 
M.D.,  Instructor  in  Applied  Physiology,  Yale  Uni- 
versity ;  Lawrence  J.  Henderson,  M.D.,  Professor 
of  Biological  Chemistry,  Harvard  Medical  School ; 
Yandell  Henderson,  Ph.D..  Professor  of  Applied 
Physiology,  Yale  University ;  Francis  W.  Peabody, 
M.D.,  Professor  of  Medicine,  Harvard  Medical 
School ;  Koyd  R.  Sayers.  M.D..  Chief  Surgeon, 
United  States  Bureau  of  Mines,  Washington,  D.C. ; 
and  Charles  B.  Scott.  Bureau  of  Safety.  American 
Gas  Association.  Received  for  publication  Jan. 
15.  1923. 


heart  may  be  experiencing  the  effects  of 
acute  asphyxia  at  the  moment  when  arti- 
ficial respiration  is  started,  but  it  has 
not  been  subjected  to  a  prolonged  period 
of  gradually  developing  oxygen  lack,  as 
may  readily  be  the  case  in  carbon  mon- 
oxide poisoning.  Another  important 
element  in  carbon  monoxide  asphyxia  is 
found  in  the  fact  that  gassed  patients 
may  pass  through  a  prolonged  period  of 
unconsciousness  both  before  and  after 
natural  respiration  has  been  restored. 
While  in  drowning  there  is,  of  course, 
aspiration  of  water  into  the  air  pas- 
sages, the  water  which  is  not  emptied 
out  during  the  measures  utilized  for  re- 
suscitation is  usually  absorbed  rapidly 
and  causes  no  damage.  In  carbon  mon- 
oxide asphyxia,  on  the  other  hand,  there 
is  considerable  evidence  of  the  existence 
of  pulmonary  congestion  and  of  over- 
production of  fluid  in  the  lungs  and  the 
bronchial  tree,  and  the  presence  of  tliis 
fluid  must  be  kept  in  mind  when  one  con- 
siders the  best  sort  of  artificial  respira- 
tion to  employ. 

Before  making  an  actual  examination 
of  artificial  respiration,  the  authors 
have  felt  it  wise,  first,  to  obtain  knowl- 
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edge  of  the  current  practice  in  resusci- 
tation in  the  gas-producing  industry  of 
the  country  and,  secondly,  to  examine 
more  thoroughly  than  has  been  done  in 
the  past  the  clinical  course  of  gassed 
patients  who  have  received  hospital 
treatment. 

Section  I.    Present  Practice  in  Resus- 
citation FBOM  Poisoning  by 
Illuminating  Gas 

After  communicating  Avith  Mr.  Oscar 
H.  Fogg,  Secretary-Manager  of  the 
American  Gas  Association,  we  sent  to  a 
group  of  seventeen  large  gas  producers 
an  explanatory  letter  and  the  following 
questionnaire : 

Questionnaire 

1.  What  is  your  present  organization  for 
dealing  with  gassed  eases? 

2.  How  have  the  individuals  in  charge 
of  this  work  been  trained? 

3.  Do  you  issue  any  general  instructions 
to  foremen,  etc.,  relative  to  artificial  respi- 
ration ? 

4.  What  equipment  do  you  provide  for 
your  resuscitation  team?  Why  has  this 
equipment  been  chosen? 

5.  If  possible,  forward  records  of  all  cases 
treated  for  gas  poisoning  by  agents  of  your 
company  during  the  past  five  years.  It  is 
important  that  these  records  include  notes 
as  to  whether  the  patient  was  breathing  when 
treatment  began ;  how  long  the  treatment 
continued ;  any  details  available  as  to  the 
immediate  and  future  condition  of  patients 
who  recovered. 

6.  Forward  any  comments  upon  the  re- 
suscitation problem  which  have  not  been 
covered  by  the  preceding  questions  and  which 
you  believe  may  be  of  service  to  the  com- 
mittee. 

The  following  firms  received  this  re- 
quest for  information: 

1.  The  Consolidated  Gas  Electric  Light 
and  Power  Company  of  Baltimore. 

2.  The  Boston  Consolidated  Gas  Company. 

3.  The  Brooklyn  Union  Gas  Company. 

4.  The  Pcoi)les  Gas  Light  and  Coke  Com- 
pany of  Chicago. 


5.  The    Denver    Gas    and    Electric    Light 
Company. 

6.  The  Detroit  City  Gas  Companj-. 

7.  The  Georgia  Railway  and  Power  Com- 
pany. 

8.  The  Southern  California  Gas  Company. 

9.  The  Milwaukee  Gas  Light  Company. 

10.  The  New  Haven  Gas  Light  Company. 

11.  The   Pro"\ddence   Gas   Company. 

12.  The   Public    Ser\dce   Gas   Company   of 
Newark. 

13.  The    Consolidated    Gas     Company    of 
New  York. 

14.  The    United    Gas    Improvement    Com- 
pany of  Philadelphia. 

1.5.     Portland  Gas  and   Coke   Company. 

16.  The  Rochester  Gas  and  Electric  Cor- 
poration. 

17.  The    Laclede    Gas    Light    Company    of 
St.  Louis. 

These  widely  scattered  organizations 
may  be  considered  to  represent  the  ex- 
perience of  gas  producers  in  this  coun- 
try. All  except  one  replied,  and  usual- 
ly in  great  detail. 

In  summarizing  the  answers  received, 
it  is  possible  to  treat  the  questions  to- 
gether. In  all  cases,  one  is  impressed  by 
the  effort  that  has  been  made  to  place 
resuscitation  upon  a  practical  basis.  In 
most  instances  this  work  is  allotted  to 
carefully  trained  rescue  crews  on  duty 
in  shifts  so  that  all  calls  can  receive  im- 
mediate attention.  Occasionally  larger 
groups  of  responsible  employees,  headed 
by  a  superintendent  and  extending  down 
through  sub-foremen,  have  received 
first-aid  instruction,  the  size  of  the 
group  ensuring  the  availability  at  all 
times  of  someone  competent  to  render 
assistance. 

If,  now,  we  systematize  the  informa- 
tion received  in  regard  to  the  methods 
of  resuscitation  actually  used,  we  find 
that  in  all  cases  the  Schafer,  or  prone 
pressure,  method  of  artificial  respira- 
tion is  taught.  Whether  or  not  the  chief 
reliance  is  placed  upon  this  method  is 
another  matter.  Table  1  summarizes  the 
situation  existing  prior  to  the  publica- 


OAEBON   MONOXIDE   ASPHYXIA 


465 


tion  of  the  work  of  the  present  Commis- 
sion. 

Prone  Pressure  Group 

Seven  out  of  sixteen  firms  rely  upon 
manual  methods  to  the  exclusion  of  ap- 
paratus. The  statements  made  are  of 
interest : 

Chicago. — ^"The   only   equipment  provided 


from  our  experience,  that  the  Prone  method 
of  resuscitation  is  superior  to  the  use  of  the 
Puhnotor  or  other  similar  appliances  on  the 
market. ' ' 

St.  Louis. — "We  formerly  had  a  number 
of  lungmotors,  and  still  have  them  but  are 
not  using  them.  We  have  discarded  their 
use  due  to  the  delay  which  usually  follows 
in  the  lungmotor  reaching  the  scene  of  the 
accident  promptly,  and  which  is  so  essential 
to  rescue  work.  We  are  thoroughly  con- 
vinced the  Prone  Pressure  Method  of  resus- 
citation  is  the  best  method,   for  the  reason 


TABLE  1.— SUMMARY  OF  THE  IMMEDIATE   METHOD  OF  RESUSCITATION  EMPLOYED  BY  A 
GUOUP  OF  KEPKESEXTATIVE  GAS  PRODUCEIiS  IN  THE  UNITED  STATES 


Prone  Pressure  Method 
(No   Apparatus   Used) 


Lungmotor 


1.  The   Peoples   Gas   Light  and 
Coke  Company  of  Chicago 

2.  The    Georgia    Railway    and 
Power  Company 

3.  The    Milwaukee    Gas    Light 
Ctompany' 

4.  The      Public      Service      Gas 
Company  of  Newark 

5.  The  Portland  Gas  aud  Coke 
Company 

6.  The  Laclede  Gas  Light  Com- 
pany of  St.  Louis 

7.  The  Southern  California  Gas 
Company- 


1.  The   Denver    Gas 
trie  Ldght  Company 

2.  The  Detroit   City   Gas   Com- 
pany 

3.  The   New   Haven   Gas   Light 
CKinipany 


and  Elec-  |  1- .  The  Consolidated  Gas  Elec- 
tric Light  and  Power  Company 
of  Baltimore 


2.  The      Boston      Consolidated 
Gas  Company 

3.  The     Brooklyn     Union     Gas 
Ctompany 

4.  The   Denver    Gas   and    Elec- 
tric Light  Company 

5.  The   New   Haven   Gas   Light 
Company 

6.  The     Providence    Gas    Com- 
pany 

7.  The   Consolidated   Gas   Com- 
pany of  New  York 

8.  The     United     Gas     Improve- 
ment  Company  of   Philadelphia 


'  Owns   both   lungmotor   and   pulmotor  but  has  never  used  them. 
'Possesses  pulmotor  but  has  never  used  it. 


is  an  oxj^gen  tank  to  use  with  the  artificial 
respiration  in  case  it  is  needed.  This  prac- 
tice has  been  established  because  a  stud}'  of 
the  pulmotor  reports  used  by  this  office  prior 
to  1915  did  not  show  satisfactory  results." 

Atlanta. — "We  have  a  pulmotor  but  have 
discarded  use  of  this.  We  use  the  prone 
pressure  method." 

Newark. — "The  Public  Service  Gas  Com- 
pany has  become  satisfied  that  the  Prone 
Pressure  Method  of  Resuscitation  is  superior 
to  any  requiring  mechanical  appliances." 

Portland. — "We  have  used  the  Pulmotor 
in  a  limited  number  of  ca.ses  but  our  experi- 
ence has  not  been  sufficient  to  arrive  at  any 
definite  opinion  as  to  its  merits  or  demerits. 
We  are  inclined  to  believe,  however,  judging 


fellow  workmen  can,  without  any  delay,  or 
without  waiting  for  mechanical  equipment, 
immediately  start  to  work  on  the  victim. 
The  use  of  mechanical  equipment  requires 
a  trained  operator,  and  also  requires  the 
equipment  itself  be  kept  in  a  100  per  cent, 
condition  at  all  times,  and  we  are  advocating 
the  use  of  the  Prone  Pressure  Method  in  cases 
of  electric  shock,  as  well  as  gassed  cases." 

Milwaukee.  —  "This  company  does  not 
maintain  a  rescue  squad  though  we  do  own 
and  keep  at  convenient  locations  two  pulmo- 
tor.s  and  three  lungmotors.  We,  however, 
have  never  used  any  one  of  these  machines 
in  tiie  several  years  that  they  have  been  in 
our  possession.  .  .  .  There  is  so  much 
conflicting  testimonv  that  we  have  been  very 
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loath  to  put  the  equipment  into  use  on  our 
own  responsibility. ' ' 

Lungmofor  Group 

Denver. — "In  all  our  plants,  general  office, 
and  in  the  safety  department,  we  have  both 
the  pulmotor  and  lungmotor,  oxygen  tanks, 
and  special  breathing  devices.  Our  men  are 
instructed  to  never  use  them  except  as  a  last 
resort.  Our  teams  and  men  have  been  taught 
the  prone  pressure  method  and  I  fully  be- 
lieve that  if  this  method  fails  to  revive  a 
patient,  all  the  artificial  devices  will  be  of  no 
avail.  I  have  no  faith  in  the  lungmotor  or 
pulmotor,  but  for  the  moral  effect  I  feel  that 
it  is  wise  to  have  them." 

Detroit. — "The  Detroit  City  Gas  Company 
makes  use  of  rescue  crews,  the  members  of 
which  are  trained  in  the  company's  School 
of  Instruction  in  the  mechanical  handling  of 
gassed  cases  and  in  the  providing  of  proper 
ventilation,  etc. ;  also,  in  the  use  of  the 
Schafer  method  of  artificial  respii-ation,  the 
use  of  the  lungmotor  and  its  accessories,  in 
the  administration  of  stimulants,  and  in  diag- 
nosing the  effects  of  treatments  administei'ed. 
.  .  .  We  believe  that  the  lungmotor  is  very 
efficient  as  a  means  of  resuscitation.  Over  a 
period  of  two  years,  not  a  single  ease  has  been 
lost  where  life  was  found  to  exist  when  we 
took  charge  of  the  subject." 

Beginning  in  January,  1921,  this  com- 
pany has  kept  a  record  of  the  cases  of 
gas  poisoning  wliich  it  has  cared  for. 
The  list  consists  of  fifty-six  cases.  Table 
2  indicates  the  character  of  the  respira- 
tion in  these  patients  when  relief  meas- 
ures were  instituted.  In  two  cases  char- 
acter of  breathing  was  not  given.  Of 
the  cases  not  breathing  when  first  seen, 
all  three  were  pronounced  dead  by  a 
physician  either  immediately  or  within 
thirty  minutes. 

Table  3  shows  at  a  glance  the  treat- 
ment given  under  the  varied  conditions 
of  respiration  which  existed  when  the 
patients  were  first  seen.  If  gassed  pa- 
tients are  not  breathing,  they  are  dead 
or  very  nearly  so,  and  the  wisdom 
of  relying  upon  the  prone  pressure 
method  of  artificial  respiration  without 


the  necessity  of  waiting  for  instruments 
is  at  once  apparent.  The  gassed  patient 
who  has  stopped  breathing  is  in  even 
worse  condition  than  the  patient  suffer- 
ing from  electric  shock,  since  he  has  been 
subjected  to  a  considerable  period  of 
anoxemia  prior  to  actual  cessation  of 
respiration,  and  his  heart  is  in  no  condi- 
tion to  stand  further  strain.     Table  3, 


TABLE  2.— CH.VRACTER  OF  RESPIRATION  IX 
FIFTY-FOUR  CA.SES  OF  GAS  POISONING 
WHEN  FOUND  BY  RELIEF  CREWS  OF  THE 
DETROIT  CITY  GAS  COMPANY 


Slight 

or 

Not 

Difficult 

Excessive 

Normal 

Breatbing 

Breathing 

Breathing 

Breathing 

16 


however,  brings  out  the  fact  that  most 
patients  poisoned  by  illuminating  gas 
are  breathing  when  first  seen.  No  pa- 
tient who  breathes  naturally  needs  or 
should  be  given  artificial  respiration 
either  by  apparatus  or  manually.  Appa- 
ratus is  likely  to  oppose  the  natural 
movements  rather  than  to  assist  them, 
which  is  not  the  case  with  the  manual 
method.  But  even  this  method  is  con- 
traindicated  when  the  subject  is  breath- 
ing spontaneously.  The  object  to  be 
aimed  at  is  the  displacement  of  carbon 
monoxide  from  the  blood  through  the 
mass  action  of  increased  oxygen  concen- 
tration in  the  lungs. 

The  wisdom  of  the  oxygen  carbon- 
dioxide  inhalations  recommended  by 
Henderson  and  Haggard  in  the  first  re- 
port of  the  committee  is  more  than  ever 
clear.  The  best  chance  for  recovery  of 
the  fourteen  patients  breathing  slightly 
or  with  difficulty  is  in  natural  or  in 
rather  deep  breathing,  with  opportunity 
1o  get  plenty  of  oxygen.  Such  a  situation 
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is  provided  with  greater  certainty  by 
means  of  oxygen  carbon-dioxide  inhala- 
tions than  by  any  measures  entailing 
positive  pressure  ventilation. 

A  final  point  of  interest  is  found  in 
the  number  of  patients  who  were  breath- 
ing either  excessively  or  naturally. 
These  are  cases  of  early  or  slight  poi- 
soning, yet  it  will  be  seen  that  the  lung- 
motor  has  been  used  in  six  of  them,  a 
procedure  which  has  no  logical  justifica- 
tion. The  existence  of  a  period  of  exces- 
sive breathing  is  an  interesting  con- 
firmation of  the  experiments  of  Hender- 
son and  Haggard  presented  in  the  first 
report  of  the  Commission. 

In  twenty-one  of  the  fifty-six  Detroit 
cases  the  patients  were  unconscious 
when  first  seen,  and  certain  of  them 
were  sent  to  hospitals.  In  four  cases  the 
breathing  is  described  as  Jiard,  which 
means  obstructed.  All  of  these  points 
are  of  importance  to  us.  The  uncon- 
scious patient,  even  though  he  may  be 
able  to  breathe  normally,  is  less  able 
than  is  the  conscious  individual  to  pro- 
tect himself  against  the  possibility  that 
mucus,  saliva,  vomitus,  or  blood  may 
pass  do^vn  the  trachea  and  into  the 
lungs.  The  frequency  of  pulmonary 
complications  in  gassed  cases  forms  the 
second  part  of  this  report  and  the  pos- 
sible relation  of  positive  ventilation  to 
such  complications  is  discussed. 

New  Haven. — The  New  Haven  Gas  Light 
Company  instructs  a  fairly  large  group  of 
employees  in  the  prone  pressure  method  of 
resuscitation  and  also  possesses  both  a  pul- 
motor  and  a  lungmotor.  In  regard  to  the 
condition  of  gassed  ca^es  when  first  seen,  the 
following  statement  is  made  :  "During  twelve 
years'  active  service  with  gangs  of  men  en- 
gaged in  la.ying  gas  mains  and  services,  there 
have  been  probably  only  five  or  six  cases 
where  the  patient  did  not  recover  conscious- 
ness in  less  than  five  minutes.  The  largest 
number  of  cases  (numbering  possibly  two 
hundred)  have  returned  to  consciousness  in 
from  one  to  three  minutes.     My  understand- 


ing of  this  fact  is  that  the  patient  has  been 
more  sufl:ocated  bj'  the  absence  of  oxygen  than 
poisoned  by  the  carbon  monoxide  of  the  manu- 
factured gas,  and  as  soon  as  removed  from  a 
gaseous  atmosphere,  if  respiration  had  not 
been  entirely  suspended,  natural  breathing 
was  sufScient  to  return  the  patient  to  normal 
condition. ' ' 

The   reasons   given   for   utilization   of   the 

TABLE  3.— CHARACTER  OF  TREATMENT  IN 
FIFTY-FOUR  CASES  OF  GAS  POISONING 
REPORTED  BY  DETROIT  CITY  GAS  COM- 
PANY 


Slight 

or 

Not 

Difficult 

Excessive 

Normal 

Breathing 

Breathing 

Breathing 

Breathing 

u 


21 


16 


Lungmotor    Lungmotor    Lungmotor    Lungmotor 
in   2.         in   13.    Oxy-  in   4.      Oxy-  in    2.    Oxy- 
gen   inhala-  gen    inhala-  gen    inhala- 
tions  in   1.     tions   in    37.  tions   in   14. 


pulmotor  and  the  lungmotor  are:  "The  pul- 
motor  was  chosen  because  it  provided  an  ap- 
paratus to  use  in  extreme  cases  where  respira- 
tion had  practically  been  suspended,  that 
would  draw  out  of  the  lungs  what  air  or  gas 
was  in  them,  and  would  put  into  the  lungs  air 
that  had  been  enriched  with  additional  oxy- 
gen. It  seemed  to  function  under  a  pressure 
that  (to  the  layman  at  least)  was  not  great 
enough  to  destroy  the  liuig  tissues.  Later 
when  the  lungmotor  was  developed,  it  was 
purchased  as  an  additional  equipment,  that 
])robably  was  better  than  the  pulmotor  on  the 
ground  that  the  quantity  put  into  and  taken 
out  of  the  lungs  could  be  increased  or  de- 
creased (within  reasonable  limits)  to  suit  the 
lungs  of  the  patient." 

The  Pulmotor  Group 

Eight  firms  possess  and  use  the  pul- 
motor. Upon  reading  their  experiences 
with  the  instrument,  one  obtains  the  im- 
pression that  the  original  purchases 
were  made  some  time  ago  when  the  me- 
chanical ingenuity  of  the  apparatus, 
coupled  with  a  most  effective  advertis- 
ing campaign,  seem  to  have  recommend- 
ed the  pulmotor  very  widely;  and  that 
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its  iise  at  the  present  time  depends 
largely  upon  the  demand  of  the  public 
for  the  instrument — a  demand  which,  in 
turn,  is  fostered  by  the  willingness  of 
the  press  to  print  any  item  of  news  to 
which  the  word  pulmotor  is  attached. 
None  of  the  material  received  contained 
data  demonstrating  an  efficiency  for  the 
pulmotor  unattainable  by  the  simple 
manual  method  of  artificial  respiration. 
The  following  statement  mil  serve  to 
summarize  the  general  attitude  of  pul- 
motor users  toward  the  subject. 

PhikidelphM. — "We  consider  the  Sebafer 
Manual  Prone  Pressi;re  ^letliod  as  now  taught 
superior  to  any  method  involving  mechanical 
apparatus,  but  have  not  had  any  experience 
to  indicate  that  the  latter  should  be  entirely 
done  away  with." 

Summary  of  Section  I 

The  first  section  of  the  report  may  be 
summarized  as  f oIIoavs  : 

1.  Gas  companies  throughout  the 
country  are  making  earnest  endeavor  to 
provide  the  best  means  of  resuscitation 
known  to  them. 

2.  Seven  firms  employ  the  Scluifer 
prone  pressure  method  alone.  Three 
employ  the  lungmotor  and  eight  the  pul- 
motor (two  of  these  firms  using  both  in- 
struments). Of  those  using  the  prone 
pressure  method,  three  have  discarded 
mechanical  devices  for  artificial  respira- 
tion. 

3.  The  experience  of  the  Detroit  City 
Gas  Company  indicates  that  in  most 
eases  of  gas  poisoning  the  patients  are 
breathing  -when  first  seen  and  that  a 
large  percentage  are  unconscious. 

4.  These  facts  indicate  the  utility  of 
the  oxygen  carbon-dioxide  inlialations 
recommended  by  Henderson  and  Hag- 
gard in  the  first  report  of  the  Connnis- 
sion.  This  method  of  treatment  induces 
deeper  ln-oatliing  and  avoids  the  possi- 


bility of  forcing  fluid  into  the  lungs  and 
so  giving  a  basis  for  a  possible  broncho- 
pneumonia. Inhalation  of  oxygen  alone 
has  rather  wide  employment  among  the 
gas  companies  and  can  be  commended. 

5.  The  fact,  as  indicated  by  the  De- 
troit City  Gas  Company  records,  that 
the  most  severely  gassed  patients  are 
usually  talven  to  a  hospital  indicates  the 
necessity  for  an  examination  of  hospital 
records  in  order  to  get  data  upon  the 
final  outcome  of  gassing  and,  in  partic- 
ular, upon  the  frequency  of  pulmonary 
complications — a  point  which  bears 
upon  the  type  of  artificial  respiration  to 
be  advised. 


Section  II. 
OF  Patiexts 
Monoxide 


The   Eventual  Course 
Poisoned     by     Carbon 


Seriously  gassed  patients  do  not  pre- 
sent immediate  problems  in  regard  to 
resuscitation  when  they  finally  arrive  at 
a  hospital.  At  this  time  they  have  prac- 
tically always  begun  to  breathe,  and  they 
are  brought  in  for  care  during  recovery 
from  a  severe  experience.  It  happens, 
however,  that  the  subsequent  course  of 
such  cases  has  a  possible  relation  to  the 
type  of  resuscitative  treatment  applied 
by  rescue  squads  when  the  patients  are 
first  seen. 

The  literature  upon  carbon  monoxide 
poisoning  contains  many  references  to 
pneumonia  as  a  sequel,  and  to  the  exist- 
ence of  rales  in  the  chest  and  of  pul- 
monary edema  as  immediate  accompani- 
ments of  severe  gassing,  and  especially 
of  gassing  which  has  occurred  slowly. 
There  are,  however,  no  statistical  data 
upon  the  frequency  with  which  excess 
moisture  is  found  in  the  respiratory  pas- 
sages and  deep  in  the  lungs  of  patients 
poisoned  by  gas.  If  it  should  prove  to 
1)0  the  case  that  gas  poisoning  is  fre- 
quently accompanied  by  moisture  in  tlie 
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respiratory  passages,  the  evidence  might 
have  direct  bearing  upon  the  type  of  arti- 
ficial respiration  to  be  employed  when 
the  patients  are  first  seen.  An  examina- 
tion of  the  literature  has  not  disclosed 
experiments  upon  the  question  whether 
positive  ventilation  can  force  infected 
material  down  the  trachea  and  into  the 
depths  of  the  lungs.  If  this  should  be 
the  case,  and  it  is  a  subject  for  experi- 
mentation by  the  Commission  at  the 
present  time,  the  bearing  upon  the  use 
of  apparatus  such  as  the  pulmotor  and 
lungmotor  is  obvious.  Both  of  these  in- 
struments drive  air  into  the  lungs  and 
whether  they  operate  with  a  sufficient 
degree  of  force  to  carry  infected  ma- 
terial into  the  alveoli  to  form  eventual 
patches  of  bronchopneumonia,  merits  in- 
vestigation. 

Examination  of  the  literature  discloses 
the  fact  that  cardiac  failure  and  particu- 
larly failure  of  the  right  side  of  the 
heart,  accompanied  by  pulmonary  ede- 
ma, is  frequently  the  cause  of  death  or  of 
serious  danger  in  gassed  patients.  If 
apparatus  for  artificial  respiration  is 
used  which  is  capable  of  increasing  in- 
trapulmonic  air  pressure  to  an  inordi- 
nate degree,  it  may  well  be  possible  at 
the  height  of  the  inspiratory  stroke  to 
compress  the  alveolar  capillaries  and 
thus  raise  the  blood  pressure  in  the  pul- 
monary circulation.  The  unfortunate 
effect  of  such  a  situation  upon  a  right 
ventricle  already  in  a  precarious  condi- 
tion is  obvious.  Fortunately,  this  ob- 
jection to  positive  ventilation  in  illumi- 
nating gas  poisoning  is  one  which  can 
be  answered  by  experimentation  upon 
animals,  and  animal  experiments  in 
which  are  utilized  familiar  types  of  arti- 
ficial respiration  apparatus,  such  as  the 
lungmotor  and  the  pulmotor,  are,  there- 
fore, being  undertaken  and  will  be  made 
public  in  a  later  report. 


The  literature  upon  gas  poisoning 
lacks  statistical  data  upon  the  frequency 
of  bronchopneumonia  as  a  sequel  and 
upon  the  existence  of  lung  findings  in 
general.  Believing  the  best  source  of 
such  data  to  be  hospital  records,  we  have 
made  an  examination  of  the  records  of 
gassed  patients  in  nine  hospitals  in  Bos- 
ton, New  York,  and  Philadelphia.  The 
total  number  of  cases  covered  in  this 
investigation  is  860.  The  distribution, 
together  with  the  years  covered,  is  given 
in  Table  4.  The  data  from  the  three 
cities  were  gathered  by  different  indi- 
viduals and  the  points  covered  were 
kept  as  simple  as  possible.  The  hospi- 
tals providing  the  material  were : 

Boston. — Boston  City  Hospital. 

New  York. — Bellevue  Hospital. 

PJiiladelpJda.  —  Pennsylv^ania  Hospi- 
tal ;  University  Hospital ;  Episcopal  Hos- 
pital; Presbyterian  Hospital;  Hahne- 
mann Hospital ;  Jefferson  Hospital ; 
Polyclinic   Hospital. 

To  anyone  accustomed  to  the  elaborate 
records  now  available  in  our  better  hos- 
pitals upon  such  subjects  as  chronic  car- 
diac or  renal  disease,  the  brief  and  in- 
conclusive statements  which  characterize 
the  hospital  records  of  gas  poisoning 
come  as  something  of  a  shock.  Occasion- 
ally full  notes  are  found,  but  ordinarily 
the  patient  recovers  or  dies  without 
arousing  significant  interest.  That  gas 
poisoning  in  man  may  be  a  profitable 
field  for  medical  investigation  does  not 
seem  to  have  been  considered,  and  this 
in  hospitals  where  less  common  and  less 
dangerous  diseases  are  receiving  large 
amounts  of  study  and  attention.  On  ac- 
count of  the  meager  records  available, 
we  have  confined  our  final  analyses  to  a 
small  number  of  the  most  pertinent 
items.  A  brief  inspection  of  Table  4  will 
serve  to  show  that  the  items  chosen  do 
not,  in  the  main,  require  great  subtlety 
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of  diagnosis  or  great  eli'ort  in  recording. 
"Where  pneumonia  has  occurred,  there 
has  usually  been  a  lapse  of  several  days 
following  admission  to  the  hospital.  The 
records  improve  in  such  cases  and  follow 
the  usual  trend  that  one  expects  in  the 
description  of  an  acute  infection. 

The  facts  presented  in  Table  4  are 
strikingly  uniform  and  bear  upon  the 
immediate  problem  of  resuscitation  in 
the  following  items : 

1.  59.8  per  cent,  of  the  gassed  patients 
were  unconscious  on  admission  to  the 
hospital  or  were  reported  as  uncon- 
scious when  found. 

2.  44.4  per  cent,  were  breathing  rap- 
idly. Only  in  rare  cases  was  the  breath- 
ing very  slow. 

3.  The  admission  pulse  rate  was  high, 
averaging  104  for  the  entire  series  of 
cases. 

4.  The  records  show  an  average  of 
6.4  per  cent,  of  patients  frothing  at  the 
mouth;  17.4  per  cent,  with  rales  in  the 
lungs ;  and  4.5  jDer  cent.  Avith  pulmonary 
edema. 

These  findings  were  undoubtedly  pres- 
ent in  very  large  part  when  the  patients 
were  tirst  picked  up  by  rescue  squads.  It 
thus  becomes  at  once  apparent  that  re- 
suscitative  measures  in  gas  poisoning 
must,  in  large  measure,  be  applied  to 
unconscious  patients  who  are  breathing 
rapidly,  who  have  rapid  hearts,  and  who, 
in  a  large  percentage  of  cases,  have  ex- 
cess fluid  in  the  respiratory  tract.  We 
have  already  commented  upon  the  pos- 
sible dangers  of  positive  ventilation  of 
the  lungs  in  conditions  such  as  these  fig- 
ures show  to  be  very  frequent  in  gas 
poisoning. 

It  will  be  noted  that  the  percentage  of 
pneumonias  following  gas  poisoning  is 
not  high.  The  fact  that  fatal  cases 
almost  invariablj'^  show  a  rise  in  tem- 
perature makes  it  seem  probable  to  us 
that  some  degree  of  brouohopnennioiiia 


must  be  present  in  nearly  all  patients 
who  do  not  succumb  immediately  follow- 
ing their  exposure  to  gas.  The  pneu- 
monia in  such  instances  is  probably  only 
a  contributory  cause  of  death,  fatality 
being  due,  in  the  main,  to  cardiac  and 
central  vasomotor  failure.  Our  table, 
therefore,  tells  the  story  of  the  severe 
and  unmistakable  pneumonias  alone. 
Only  by  careful  autopsy  reports  can  the 
full  qiiota  of  pneumonias  be  ascertained. 

A  comparison  of  the  figures  obtained 
in  our  study  with  the  findings  reported 
by  other  observers  is  of  interest.  Gil- 
man  Thompson  (2)  in  1904  made  an 
analysis  of  ninety  cases  of  illuminating 
gas  poisoning  occurring  in  New  York 
City,  and  Lampe  (3)  in  1921  reported  a 
series  of  205  cases  treated  at  the  Dres- 
den-Johannstat  municipal  hospital  dur- 
ing the  years  1912  to  1921.  Only  patients 
sufficiently  gassed  to  become  uncon- 
scious were  included  in  these  two  studies. 
The  mild  cases  were  thus  eliminated, 
and  a  somewhat  more  serious  picture  of 
gas  poisoning  is  presented  than  the  fig- 
ures given  in  Table  4  suggest.  Table  5 
gives  an  analysis  of  the  findings  in  the 
514  unconscious  patients  in  our  series  of 
cases  and  may,  therefore,  properly  be 
compared  with  the  observations  which 
Avere  reported  by  Thompson  and  Lampe. 

The  mortality  in  Thompson's  series 
was  18.8  per  cent.;  in  Liimpe's,  17.6  per 
cent.;  in  ours  (unconscious  patients 
only),  22.6  per  cent.  The  first  54  of 
Liimpe's  cases,  occurring  during  1912, 

1913,  1914  and  1915,  had  a  death  rate  of 
only  5.6  per  cent.  During  the  1916  to 
1921  period  the  mortality  rose  to  21.8 
per  cent.  The  percentage  of  carbon 
monoxide  in  the  ilhaminating  gas  in 
Dresden  duriug  tliis  same  period  in- 
creased as  fdihiws:  1913,  8.4  per  cent.; 

1914,  10.8  per  cent.;  1915,  12.2  per  cent.; 
1916,  14.3  per  cent.;  1917,  16  per  cent.; 
litis,  18.4  per  cent.;  1919,  21.6  per  cent. 
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TABLE    1.— CASES    OF    ILLUMINATING    GAS    POISONING   IN   BOSTON,   PHILADELPHIA,    AND 

NEW   YORK 


i90ii-iiX)y 

1918-1921 
Boston 

190S-1921 

Phila- 
delphia 

19(M-1917 
1922 
New 
York 
City 

Percentage 

Suiiiiaarj- 

Phila- 
Bostou       delphia 

New    Boston.  New 
York     York  and 
City   !  Philadelphia 

Total  number  of  cases  235 

Average   age  on   admission 41 

Deaths    32 

Number   unconscious    143 

Number  frothing  at  the  month 14 

Number  respiration  26  or  below....   54 

Number    respiration    above   26 71 

Average  pulse  on  admission 108 

Average  temperature  on  admission.. 08.4° 
Average    last    temperature    recorded 

before    death    — 

Lung  findings : 

Rfiles     ■ 45 

Edema     8 

Pneumonia     7 

Total     with     abnormal     moisture 

in   respiratory   tract 60 

Abscess     — 


220 

405 

— 







39 

39 

— 







26 

67 

13.6 

11.8 

10.5 

14.5 

142 

229 

60.4 

64.6 

56.5 

.59.8 

13 

28 

6.0 

.5.9 

6.9 

6.4 

117 

224 

43.2 

59.1 

57.9 

55.6 

SI 

163 

56.8 

40.9 

42.1 

44.4 

102 

104 

— 





98.4° 

99.1° 

— 

— 

— 

— 

04.4° 

103.6° 

— 

- 

- 

— 

24 

73 

19.1 

13.6 

18.0 

17.4 

12 

17 

3.4 

6.8 

4.2 

4.5 

' 

34 

3.0 

4.0 

8.4 

5.9 

43 

124 

25.5 

24.4 

30.C 

27.8 

1 

— 

— 

— 

— 

— 

-CASES    OP    ILLUMINATING    GAS    POISONING   IN   BOSTON,   PHILADELPHIA,    AND 
NEW  YORK:   UNCONSCIOUS   PATIENTS   ONLY 


1906-1909  i  190S-1921 
191,S-1921 

Phila- 
delphia 


1904-191'i 
1922 
New 
York 
City 


Phila- 
delphia 


New 
York 
City 


Boston. 

Philadelphia   and 
New  York  City 


% 

% 

% 

Total  number  of  cases 

143 

142 

229 

— 

— 

_.. 

514.  total  cases 

Deaths 

29 

25 

62 

20.3 

17.6 

27.1 

22.6% 

Frothing 

at 

mouth 

13 

10 

26 

9.1 

7.0 

11.4 

9.5% 

Respir- 

26 or  below 

30 

70 

100 

35.7 

53.0 

46.5 

46.4% 

ation 

on 

above    20 

54 

62 

115 

&i.3 

47.0 

.53.5 

53.6% 

admis- 

sion 

- 

av.  per  min. 

30 

27 

— 

— 

— 

28,  av.  per  min. 

Pulse 

r 

below  100 

18 

54 

53 

21.2 

41.5 

26.2 

30.0% 

on 

100-120 

49 

55 

109 

57.6 

42.3 

54.0 

51.1% 

admis- 

above 120 

18 

21 

40 

21.2 

16.2 

19.S 

18.9% 

sion 

^ 

av.  per  niin 

110 

103 

107 

— 

— 

— 

107.  av.  per  min. 

Temper- 

r 

below    97° 

14 

21 

42 

16.3 

15.8 

18.9 

17.5% 

ature 

97°-99° 

48 

72 

75 

55.8 

54.1 

33.8 

44.2% 

on 
admis- 

above   99° 

24 

40 

105 

27.9 

30.1 

47.3 

38.3% 

sion 

av. 

98.2° 

98.4° 

98.9° 

— 

— 

— 

— 

Rfiles 

30 

18 

52 

21.0 

15.7 

22.7 

20.5% 

Lung 

Edema 

8 

12 

15 

5.6 

10.4 

6.5 

7.2% 

find- 

Pneumonia 
Total  with 

6 

7 

33 

4.2 

6.1 

14.4 

9.4% 

L 

moisture 

44 

?,- 

100 

30.8 

32.2 

43.6 

37.2% 
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This  increase  in  tlie  carbon  monoxide 
content  of  the  gas  offers  a  very  probable 
explanation  of  the  mortality  rise. 

Of  our  nnconscious  patients,  53.6  per 
cent,  were  breathing  at  a  rate  above  26 
per  minute,  the  average  respiration  rate 
for  the  entire  group  being  28  per  minute. 
Thompson  reports  that  in  his  patients 
the  respiration  rate  averaged  about  30 
per  minute.  In  Lampe's  cases  the 
average  range  was  from  24  to  32,  the 
rate  being  "seldom  quite  normal." 

Thirty  per  cent,  of  our  unconscious 
patients  had  a  pulse  rate,  on  admission 
to  the  hospital,  of  below  100  per  minute ; 

51.1  per  cent,  had  a  rate  of  between  100 
and  120 ;  18.9  per  cent,  had  a  pulse  rate 
of  over  120;  the  average  rate  was  107 
per  minute.  Thompson  reports  marked 
acceleration  of  the  pulse.  The  count  was 
seldom  below  120  and  frequently  reached 
136  to  140.  Lampe  reports  a  pulse  rate 
of  140  and  above  in  the  severe  cases,  and 
a  tachycardia  (no  rate  specified)  in  the 
less  serious  ones, 

Thompson  observed  an  elevation  of 
the  temperature  in  almost  all  of  liis  pa- 
tients. In  eight  cases  there  was  a  pre- 
liminary fall.  Lampe  reports  that  in 
most  cases  the  temperature  did  not  rise 
above  38=^  C.  (100.4°  F.)  though  occa- 
sionally it  reached  40°  C.  (104°  F.).  Of 
our  patients,  17.5  per  cent,  were  admit- 
ted ^^'ith  a  temperature  below  97°  F. ;  in 

44.2  per  cent.,  the  admission  tempera- 
ture ranged  between  97°  and  99° ;  in  38.3 
per  cent.,  the  temperature  was  above 
99". 

In  discussing  the  lung  findings, 
Thompson  says,  "Occasional  sequelae 
are  broncliitis,  broncho  and  lobar  pneu- 
monia." Later  he  says,  "It  was  a  sur- 
prise to  the  writer  that  bronchopneu- 
monia, or  other  definite  pulmonary  le- 
sion, is  not  more  constantly  an  outcome 
of  fatal  gas  poisoning,  but  in  only  three 
of   the   twelve  autopsies   was   broncho- 


pneumonia observed."  The  lung  find- 
ings, however,  in  the  twelve  autopsies 
which  he  reports  showed  normal  lungs 
in  only  25  per  cent,  of  cases.  The  au- 
topsy findings  were  as  follows:  normal, 
2  cases ;  normal,  except  for  a  few  mihary 
tubercles,  1  case;  congestion  (complete), 

1  case;  congestion  and  edema  (com- 
plete), 3  cases;  congestion  and  edema  in 
partial  areas,  5  cases ;  emphysema  (par- 
tial and  compensatory),  4  cases;  atelec- 
tasis (partial),  2  cases;  bronchopneumo- 
nia, 3  cases.  There  is  no  mention  of 
physical  examinations  of  the  lungs  of 
patients  who  recovered,  so  we  have  no 
means  of  judging  the  incidence  of  tran- 
sient lung  changes  in  Thompson's  cases. 

The  lung  findings  reported  by  Lampe 
were  the  frequent  occurrence  of  bron- 
chitis, 1  case  of  edema  (with  frothy 
sputum),  10  cases  of  bronchopneumonia, 

2  cases  of  pleuritis  withoiit  broncho- 
])neumonia,  7  cases  of  hypostatic  pneu- 
monia, 4  cases  of  aspiration  pneumonia, 
and  2  cases  of  gangrene  of  the  lungs — 
a  total  of  12.7  per  cent,  of  cases  with 
lung  involvement,  exclusive  of  the  cases 
of  bronchitis. 

Of  our  unconscious  patients,  20.5  per 
cent,  had  rales ;  7.2  per  cent.,  edema ;  and 
9.4  per  cent.,  pneumonia — a  total  of  37.2 
per  cent,  with  abnormal  moisture  in  the 
lungs. 

Summary  of  Section  II 

An  examination  of  hospital  records  in 
three  representative  eastern  cities 
shows : 

1.  An  average  death  rate  of  14.5  per 
cent,  of  cases  which  have  passed  beyond 
the  stage  of  first-aid  treatment  and  have 
become  hospital  patients. 

2.  A  high  average  pulse  rate. 

."'..  A  group  comprising  27.8  per  cent. 
(if  the  total  numl)er  studied  who  have 
uiidne  moisture  in  the  lungs. 
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Co^^CLUSIONS 

1.  No  evidence  has  been  obtained 
from  representative  gas  companies 
which  indicates  that  either  the  lungmo- 
tor  or  the  pnhnotor  is  superior  to  the 
manual  prone  pressure  method  of  arti- 
ficial respiration. 

2.  The  evidence  obtained  leads  to  the 
conclusion  that  if  apparatus  is  to  be  em- 
ployed to  supplement  this  simple  method 
of  artificial  respiration,  it  should  be  in 
the  form  of  some  device  to  provide  in- 
halation of  oxygen  and  carbon  dioxide 
as  recommended  by  Henderson  and  Hag- 
gard. 

3.  Evidence  gathered  from  hospital 
records  indicates  that  in  gas  poisoning 
any  method  of  artificial  respiration 
which  drives  air  by  positive  pressure 
into  the  lungs  may  be  a  source  of  danger 


to  the  patients  treated.  Devices  such  as 
the  pulmotor  and  lungmotor  operate  in 
this  way  and  consequently  would  seem 
to  require  further  investigation  before 
being  recommended  for  use  in  gas  poi- 
soning. 

4.  Owing  to  the  fact  that  other  physi- 
ological factors  enter  the  problem  of 
artificial  respiration  in  gassing,  the 
Commission  has  undertaken  a' series  of 
experiments  upon  further  phases  of  the 
problem  and  will  offer  final  recommenda- 
tions at  a  later  date.  At  the  present 
time,  the  best  directions  for  rescue  crews 
are  those  already  given  by  Henderson 
and  Haggard — namely,  immediate  use  of 
the  Schjifer  prone  pressure  method  of 
artificial  respiration  in  non-breathing- 
cases,  supplemented  as  soon  as  possible 
by  oxygen  carbon-dioxide  inhalations- 
given  through  a  suitable  inhaling  device. 
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W.  Ievixg  Claek,  Je.,  M.D. 
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INDUSTRIAL  medicine  has  now  been 
practiced  in  the  United  States  about 
ten  years.  At  first  a  new  field  not  thor- 
onghly  understood,  it  has  gradually 
taken  shape  until  at  present  the  term  has 
a  distinct  meaning,  and  the  industrial 
physician  a  specific  classification. 

During  the  formative  period  a  number 
of  what  were  originally  fundamental 
ideas  have  changed  and  methods  at  first 
unnecessarily  elaborate  have  been  sim- 
plified. It  seems  that  this  is  a  good  time 
to  review  the  present  situation  and  to  try 
to  outline  the  beliefs  and  practise  of  to- 
day. It  is  generally  recognized  that  the 
success  of  an  industrial  medical  depart- 
ment depends  largely  upon  two  things: 
the  character  and  training  of  the  physi- 
cian, and  the  co-operation  of  the  man- 
agement. 

The  Conference  Board  of  Physicians 
in  Industry  has  recently  defined  the  in- 
dustrial physician : 

The  physician  in  industry  is  one  who  applies 
the  principles  of  modern  medicine  and  sur- 
gery to  the  industrial  worker,  sick  or  well, 
supplementing  the  remedial  agencies  of  med- 
icine by  the  sound  application  of  hygiene,  san- 
itation, and  accident  prevention;  and  who, 
in  addition,  has  an  adequate  and  co-operative 
appreciation  of  the  social,  economic  and  ad- 
ministrative problems. 

Thus,  it  is  now  believed  that  the  differ- 
ence between  a  physician  in  general 
practise  and  an  industrial  physician  con- 
sists in  the  latter 's  appreciation  of  the 
problems  of  indttstry  and  the  application 
of  the  art  and  science  of  medicine  and 
surgery  to  these  problems.    He  is  more 

•Received   for  puhlicalidii   I)t'c.  11,  1922. 


truly  a  physician  in  industry  than  an  in- 
dustrial physician. 

Co-operation  of  the  management 
means  active  participation  in  the  medical 
department  plus  interest  in  its  aims  and 
accomplishments.  The  management 
should  use  the  department  as  freely  and 
willingly  as  the  worker.  An  intelligent 
review  of  the  accomplishments  of  the 
medical  department  will  determine  its 
value  to  the  organization.  That  the  value 
is  now  recognized  is  shown  by  the  fact 
that  "during  the  industrial  and  business 
depression,  through  which  the  country 
has  just  passed,  there  was  ample  oppor- 
tunity for  considering  the  value  of  vari- 
ous non-productive  industrial  activities, 
and  the  fact  that  the  medical  depart- 
ment in  industry  has  retained  its  stand- 
ing and  imijortauce  to  a  relatively  higher 
degree  than  have  many  other  non-pro- 
ductive activities,  is  evidence  of  the 
value  of  the  work"  (1). 

The  basic  activities  of  the  medical  de- 
partment have  always  been: 

1.  Physical  examination  of  apphcants 
for  emplojTnent. 

2.  Treatment  of  accidents  and  sick- 
ness occurring  within  or  outside  the  fac- 
tory. 

3.  Preventive  medical  measures. 

4.  Supervision  of  sanitation. 

5.  Nursing  service. 

The  present  methods  of  handling  each 
of  these  will  be  considered. 

Physical  Examination  of  Applicants 
for  Employment. — It  is  now  recognized 
that  whenever  possible  the  examination 
.should  be  made  before  employment  at 
the  factory,  and  by  a  physician.     The 
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length  of  time  allotted  to  each  examhia- 
tiou  is  from  six  to  fifteen  minutes.  The 
object  of  the  examination  is  to  determine 
whether  the  applicant  is  physically  suit- 
able for  the  work  to  which  he  is  assigned 
by  the  employment  department.  If  he 
is  not,  work  in  some  suitable  department 
should  be  provided  if  such  work  is  avail- 
able, unless  the  physician  considers  the 
employment  of  the  individual  a  danger 
to  himself,  to  others,  or  to  property.  If 
for  the  foregoing  reasons  the  applicant 
is  refused  employment,  the  reason  for 
Ms  rejection  should  be  explained  to  him 
fully  and  advice  given  him. 

The  physical  examination  is  made  for 
the  purpose  of  discovering  defects  which 
contraindicate  employment  or  which  re- 
quire placement.  Thus  special  attention 
has  been  drawn  to  certain  conditions. 
Watson  (2)  has  listed  these  as  follows: 

(a)  Active  pulmonary  tuberculosis. 

(b)  Cardiac  disease  with  potential  or 
established  decompensation. 

(c)  Active  or  chronic  venereal  dis- 
ease. 

(d)  Aciite  contagious  disease. 

(e)  Chronic  progressive  disabling 
disease,  such  as  Bright 's  disease  and  di- 
abetes. 

(/)  Potential  and  active  focal  infec- 
tion. 

(g)  Defective  vision  and  hearing  of  a 
degree  incompatible  Avith  the  require- 
ments of  a  given  industry. 

To  tliis  list  should  be  added  chronic 
disease  of  the  joints,  particularly  the 
joints  of  the  spine  and  lower  extremity. 

The  following  conditions  previously 
considered  dangerous  are  now  consid- 
ered safe  if  the  worker  is  properly 
placed  and  watched : 

(a)  Hernia,  if  held  by  a  truss  (3). 

( b )  Varicose  veins,  if  ulcer  is  absent. 

(c)  Varicocele. 

(d)  Flatfoot,  if  without  symptoms. 


(r)  Deafness,  except  in  special  de- 
partments. 

(/)  Defective  vision,  except  in  special 
departments. 

(g)    Arteriosclerosis. 

(/()  Endocarditis  unaccompanied  by 
marked  myocarditis  (4). 

Criticism  has  been  made  that  six  min- 
utes is  too  short  a  time  to  be  allowed 
for  examination;  thus  "five  or  six  min- 
utes may  be  enough  for  an  examination 
conducted  under  rigid  military  disci- 
pline; but  such  a  discipline  will  not 
make  the  doctor  and  his  assistants  popu- 
lar with  the  worker ;  it  will  not  secure  a 
desire  on  his  part  to  seek  advice  and  sub- 
mit voluntarily  to  further  examination 
should  the  state  of  his  health  require 
it"  (5). 

This  criticism  has  not  been  borne  out 
by  experience.  The  reason  that  the  ex- 
amination can  be  made  rapidly  is  be- 
cause the  time  of  undressing  is  eliminat- 
ed and  all  examining  apparatus  and  in- 
struments are  at  hand.  Unless  appli- 
cants receive  quick  and  accurate  service, 
the  work  of  the  employment  department 
is  retarded '  and  the  applicants  them- 
selves complain.  Accurate  work  can  be 
done  in  the  time  indicated,  and  employ- 
ees do  retui'n  voluntarily  for  further  ex- 
amination and  treatment  Avhere  this  is 
needed. 

Where  a  serious  defect  is  discovered 
and  the  applicant  placed  at  suitable 
work,  he  is  reexamined  at  intervals,  his 
condition  is  recorded,  and  advice  is 
given.  In  many  factories  this  reexami- 
nation is  ver^^  complete  and  takes 
about  one-half  hour,  a  special  record  be- 
ing filled  out.  The  types  of  patients 
receiving  special  attention  are  those 
with  cardiac  disease,  nephritis,  arrested 
pulmonary  tuberculosis,  and  hernia.  A 
periodic  examination  is  also  given  to 
workers    who    are    exposed    to    special 
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health  hazards  or  "who  work  in  poisouous 
processes. 

Treatment  of  Accidents. — The  first- 
aid  treatment  once  so  widely  advocated 
and  stretched  into  redressings  has  been 
simplified  and  confined  to  narrow  limits. 
This  has  increased  its  efficiency.  ' '  First 
aid  means  the  inunediate  treatment  of 
personal  injuries  by  any  one  other  than 
a  doctor"  (6).  It  is  carried  on  by  a  non- 
medical, trained  person  who  is  near  at 
the  time  of  the  accident.  It  is  therefore 
common  in  large  factories  to  have  in 
each  department  where  there  is  hazard 
a  group  of  trained  workers  who  are 
capable  of  carrying  out  such  immediate 
treatment  as  is  necessary. 

According  to  Shoudy  (7),  there  are 
four  cardinal  points  to  be  taught  in  first 
aid,  to  which  other  things  may  be  added 
as  necessary.    These  points  are : 

1.  Shock — its  symptoms  and  treatment; 

2.  Hemorrhage — how  to  control  by  direct 
pressure,  seldom  by  tourniquet; 

3.  Asphj^xia — its  causes,  symptoms  and 
treatment ;  artificial  respiration  by  the  Shaef- 
fer  prone  pressure  method  only; 

4.  Transportation — careful  handling  of  the 
injured  in  a  minimum  of  time,  so  as  not  to 
cause  pain  or  further  trauma,  is  one  of  the 
most  important  things  taught  first  aid  classes. 

In  most  factories  emplojang  over  150 
employees  there  is  now  a  dispensary 
with  a  trained  nurse  or  doctor  in  attend- 
ance, so  that  first  aid  consists  in  doing 
only  what  is  immediately  necessary  and 
then  rapidly  transporting  the  patient  to 
the  dispensary  where  proper  treatment 
may  be  applied.  The  day  when  the  "first 
aid  man  applied  antiseptics  to  wounds 
and  removed  foreign  bodies  from  eyes 
has  passed." 

In  the  majority  of  factory  medical  de- 
partments the  treatment  of  all  open 
wounds  has  been  standardized.  This 
treatment  co7isists  in  flushing  or  wash- 
ing the  wound  with  gasoline,  and  then 


applying  tinctvire  of  iodine  either  full 
or  half  strength  by  sterile  cotton  appli- 
cator or  by  medicine  dropper.  In  some 
factories  a  soap  and  water  cleansing, 
followed  by  the  application  of  Dakin's 
solution  or  Dichloramin-T.,  is  preferred ; 
as  it  is  more  complicated,  however,  and 
requires  in  the  case  of  Dakin's  solution 
a  moist  dressing,  which  may  irritate  the 
skin,  the  gasoline  and  iodine  sequence  is 
preferred.  In  the  treatment  of  frac- 
tures, the  Thomas  type  of  splint,  such  as 
is  used  in  the  United  States  Army,  has 
come  to  be  the  standard  transportation 
splint. 

The  number  of  solutions  used  in  fac- 
tory dispensaries  has  also  been  greatly 
reduced,  and  it  is  hoped  that  soon  one 
or  two  standard  solutions  for  wet  dress- 
ings will  be  all  that  are  necessary. 

It  will  be  seen  from  the  foregoing  that 
the  present  practise  is  to  reduce  and 
simplify  wherever  possible,  and  a  strong 
effort  is  being  made  to  standardize  treat- 
ment wherever  this  can  be  safely  done. 

Along  with  reduction  of  solutions  and 
apparatus,  there  has  been  a  move  toward 
grouping  treatments.  For  example,  aU 
clean  hand  and  arm  injuries  are  treated 
at  one  part  of  the  dispensary,  all  infec- 
tions (boils,  etc.)  at  another,  and  all  eye 
cases  in  a  special  eye  room.  This  is 
called  the  unit  method  of  treatment,  and 
is  in  force  in  the  dispensaries  of  all  large 
factories. 

By  these  newer  methods  it  has  been 
possible  to  increase  the  rapidity  of  treat- 
ments and  to  reduce  the  waiting  period 
of  those  requiring  dressings. 

Diagnosis  and  Treatment  of  Sickness. 
— Every  large  factory  is  a  community  in 
itself  and  presents  the  public  health 
problems  of  a  small  village.  Epidemics 
must  be  prevented,  sanitation  must  be 
kept  at  a  high  standard,  and  indtistrial 
disease  due  to  specific  poisons  must  be 
eliminated.    As  a  result  of  these  needs, 
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industry  requires  a  certain  amount  of 
public  health  knowledge  and  activity  in 
its  medical  department.  Instead  of 
merely  diagnosing  and  treating  individ- 
ual cases  the  health  condition  of  the  fac- 
tory as  a  whole  is  considered,  and  mor- 
bidity statistics  are  kept  and  reviewed 
at  frequent  intervals.  In  some  factories 
a  health  insurance  plan  is  carried  out, 
whereby  a  portion  of  the  employee's 
wages  are  paid  to  him  when  he  is  out 
sick.  A  system  of  this  kind  acquires 
most  accurate  records  and  allows  the 
physician  in  charge  to  analyze  the  causes 
of  absenteeism  and  to  plan  preventive 
measures  when  these  are  possible. 

Diagnostic  methods  have  been  more 
fully  applied  each  year.  While  few  fac- 
tories have  elaborate  laboratories,  most 
factories  have  laboratory  equipment  of 
some  sort  and  an  increasing  number 
have  their  own  X-ray  outfits.  The  diag- 
nosis of  obscure  eases  is  usually  referred 
to  the  patient 's  physician  or  to  a  general 
hospital,  but  many  rather  difficult  diag- 
noses are  now  being  accurately  made  in 
industrial  medical  departments. 

Treatment  of  sickness  still  is  very 
minor.  All  the  emphasis  is  being  placed 
on  prevention,  and  efforts  are  being 
made  to  check  beginning  colds,  stomach 
disorders,  and  similar  conditions  which 
may  later  cause  severe  sickness.  The 
following  up  of  chronic  heart,  kidney 
and  goiter  cases  is  another  function 
which  is  being  elaborated  upon. 

The  plan  of  sending  all  really  sick  em- 
ployees to  their  family  physician  or  to  a 
general  hospital  is  still  adhered  to,  and 
many  more  patients  are  being  referred 
to  specialists  for  treatment  of  the  eyes, 
ears,  nose  or  throat  than  formerly.  In- 
cidentally, the  general  and  special  prac- 
titioner is  co-operating  with  the  indus- 
trial physician  more  freely  each  year. 
AVhile  some  factories  have  worked  out 


special  treatments  for  common  minor 
diseases  such  as  coi;yza,  no  one  treat- 
ment for  any  condition  has  been  success- 
ful enough  to  become  standardized. 

Preventive  Medical  Measures. — These 
iiave  been  discussed  in  the  preceding 
sections. 

Sa)iitation. — Nothing  particularly  new 
has  been  added  to  sanitary  inspection, 
except  that  more  strict  standards  are 
being  required  by  states,  and  various  en- 
gineering societies  have  studied  lighting 
and  ventilation,  particularly  lighting. 
The  result  has  been  the  production  of  an 
American  Standard  Industrial  Lighting 
Code  (8).  This  is  the  result  of  long  and 
painstaking  work  and  has  been  officially 
approved  as  an  "American  Standard" 
by  the  American  Engineering  Standards 
Committee.  It  has  been  submitted  to, 
and  approved  of,  by  thirteen  national 
organizations,  and  is  the  basis  of  a  pro- 
posed lighting  code  advocated  by  the  De- 
partment of  Labor  and  Industries  of  the 
state  of  Massachusetts.  Similar  codes 
of  industrial  ventilation  and  exhaust 
systems  have  been  published  by  the  Na- 
tional Safety  Council  (9).  Thus,  there 
is  a  continuous  process  of  standardiza- 
tion of  sanitation  proceeding,  and  manu- 
facturers are  interesting  themselves  in 
it  more  each  year. 

The  industrial  physician  is  constantly 
presenting  constructive  suggestions  be- 
fore the  management  so  that  the  general 
sanitation  of  factories  is  improving. 

N  u  r  s  i  n  g  Service. — The  industrial 
nurse  has  become  a  sine  qua  non  in  in- 
dustrial medicine.  Both  as  a  dispensary 
assistant  to  the  doctor  and  as  a  visiting 
nurse,  her  value  is  now  definitely  recog- 
nized. In  some  states  every  factory  em- 
ploying more  than  a  certain  small  num- 
l)er  of  employees  must  provide  a  small 
dispensary  mth  a  trained  attendant.  So 
great  has  been  the  call  for  nurses  in  in- 
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dustry  that  in  some  couununities  the 
regular  nursing  has  suif ered. 

The  visiting  nurse  combines  social 
servicQ  work  with  nursing  visits,  and 
acts  as  a  connecting  link  between  the 
factory  and  the  worker's  home. 

The  response  of  workers  to  the  work 
of  the  industrial  medical  department  has 
been  most  encouraging.  Physical  exam- 
inations are  seldom  refused,  and  in  a 
medical  department  which  has  been  in 
activity  for  several  years,  the  dispen- 
sary is  in  continuous  use.  A  factory 
with  2,000  employees  will  show  an  aver- 


age of  seventy-five  ^dsits  a  day.  This 
alone  demonstrates  the  need  for  medical 
service  and  the  worker's  appreciation  of 
it. 

Considering  the  recent  business  de- 
pression with  its  economies  and  reduc- 
tions of  working  force,  it  is  remarkable 
that  industrial  medical  departments 
were  not  more  affected.  With  increasing 
l)usiness  there  is  every  indication  that 
industrial  medical  departments  "ndll  con- 
tinue to  develop  and  become  even  more 
valuable  to  both  worker  and  manage- 
ment than  they  have  been  in  the  past. 
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THE  VENTILATION  OF  ENGLISH  FACTORIES  AND  WORKSHOPS 
IN  HOT  WEATHER* 

T.  C.  Angus,  D.F.C,  Graduate  I.E.E. 


A  LARGE  rubber  manufacturing  firm 
with  an  expanding  trade  during  the 
war  moved  a  great  part  of  its  works 
from  old  premises  in  a  town  to  newly 
erected  buildings  in  the  open  country. 
These  new  buildings,  for  the  most  part 
single  story  structures  of  the  "saw 
tooth"  type,  were  more  roomy,  better 
lighted  and  altogether  more  convenient 
than  the  old  factory.  As  in  the  old 
buildings,  however,  many  parts  of  them 
became  far  too  hot  in  the  summer  time — 
so  hot,  in  fact,  that  it  was  believed  that 
the  general  health  and  efficiency  of  the 
workers  were  impaired,  and  that  the 
labor  turnover  was  made  unduly  high, 
many  workers  whose  training  had  cost 
time  and  money  having  to  leave  because 
they  were  unable  to  bear  the  conditions. 
It  became  the  writer's  task  to  investi- 
gate these  conditions  and  by  applica- 
tions of  the  principles  of  Dr.  Leonard 
Hill,  ^\'ith  whom  he  has  the  good  fortune 
to  work,  to  indicate  their  causes  and  to 
suggest  practical  remedies. 

Desckiptiox  of  the  Buildings 

The  buildings  are  steel  constructions 
with  brick  ends  and  sides,  the  "saw 
tooth"  roofs  having  alternate  slopes  of 
glass  (facing  north)  and  double  roofing 
of  asbestos  sheets  covered  with  felt 
with  air-space  between.  When  these 
buildings  were  first  erected  they  had  no 
windows  at  the  ends  or  the  sides,  and  no 
openings  were  provided  save  the  neces- 
sary doors  and  four  12-inch  ventilation 
holes  in  the  roof  to  each  space  enclosed 
between    any    four    stanchions    in    the 

♦Received  for  publication  Oct.  21,  1922. 


buildings.  These  spaces  had  an  approx- 
imate cubic  content  of  10,760  cubic  feet, 
so  that  the  12-inch  holes  gave  to  the 
entire  buildings  a  natural  ventilation 
figure  of  0.292  square  feet  of  opening  per 
thousand  cubic  feet  of  enclosed  space. 
This  natural  ventilation  figure  was 
found  to  be  useful  in  estimating  the 
probable  effect  of  different  windows  and 
lights,  and  will  be  referred  to  again; 
0.292  is  an  extremely  low  value. 

All  the  buildings  can  be  effectively 
heated  by  an  exhaust  steam  system,  the 
pipes  for  which  are  carried  along  under 
the  roof  at  a  height  of  11  feet  and  6 
inches  above  the  floor. 

Nature  of  the  Work  op  the  Factory 

Most  of  the  manufacturing  processes 
used  in  these  works  call  for  no  great 
physical  effort,  and  can  be  carried  out 
under  ordinary  conditions  of  heat,  light 
and  air,  but  two  particular  operations — 
curing  and  solutioning — require  the 
workers  to  be  exposed  to  high  temper- 
atures. 

Cnrlitg  and  Solutioning. — In  the  cur- 
ing or  moulding  shops  the  goods  are 
placed  in  large  receptacles  or  pans,  into 
which  live  steam  is  admitted  for  the 
period  required.  The  steam  is  then 
blown  ot¥  and  the  pan  opened  to  remove 
the  cured  articles.  In  this  way  a  large 
amount  of  hot  air  and  water  vapor  is 
released  into  the  air  of  the  department. 

In  the  solutioning  rooms  a  high  tem- 
perature has  to  be  maintained  in  order 
to  prevent  the  moisture  in  the  air  from 
condensing  on  the  solutioned  surfaces  of 
the  goods,  which  may  be  cooled  to  the 
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dew-poiut  of  the  air  by  the  evaporating 
solvent.  The  only  practicable  means 
that  has  so  far  been  found  of  preventing 
this  condensation,  the  occurrence  of 
which  spoils  the  process,  is  to  raise  the 
temperature  of  the  air  in  the  shops 
where  the  solutioning  is  done. 

Peeviol's  Attempts  at  Impeoving 
Conditions 

The  management  of  this  factory  was 
anxious  to  discover  some  means  by 
which  conditions  might  be  improved  in 
hot  weather,  and  in  one  of  the  depart- 
ments experiments  had  been  made  with 
an  air  trunk  or  blast  system,  before  the 
writer  undertook  the  ventilation  work. 
The  effects  produced  by  this  system 
were  as  follows : 

In  a  department  of  about  129,100 
cubic  feet  content,  where  nearly  all  the 
work  done  produced  no  heat  or  effluvia, 
three  12-inch  fans  delivered  air  into  9- 
inch  sheet  iron  trunks  which  were  car- 
ried along  the  walls  on  either  side  of  the 
building  at  a  height  of  about  8  feet  above 
the  floor.  At  short  intervals  along 
these  trunks  long,  thin  horizontal  slots 
were  formed,  through  which  the  air  was 
intended  to  flow  dowai  and  out  at  an 
angle  of  45°  toward  the  floor,  while  in 
a  direction  perpendicular  to  the  axis  of 
the  trunk. 

The  air  was  drawn  in  from  under 
cowls  on  the  roof,  and  before  entering 
the  trunks  was  passed  through  heaters 
that  could  be  supplied  with  exhaust 
steam  in  cold  weatlior.  As  the  static 
pressure  in  these  trunks  was  extremely 
low,  and  the  energy  of  the  air  was  almost 
entirely  kinetic,  the  air  in  the  greater 
part  of  the  building  was  unaffected,  the 
drafts  produced  being  only  very  local, 
and  in  a  line  almost  parallel  with  the 
direction  of  the  trunk.    Where  currents 


from  either  fan  met  and  opposed  each 
other  there  was  a  powerful  local  draft. 

The  layout  of  this  department  with 
the  positions  of  the  trunks  and  the  direc- 
tions and  relative  velocities  of  the  air 
currents  is  shown  in  Figure  1. 

Air  Changes  or  Renewals  Produced. 
— It  was  found  that  in  the  above  depart- 
ment each  of  the  three  12-inch  fans,  used 
to  supply  air  to  the  trunks  and  similar 
fans,  on  test,  delivered  not  more  than 
1300  cubic  feet  of  air  per  minute.  This 
should  change  tlie  air  3,900  X  60  _ 

"129,100""^-^ 
times  per  liour. 

Thompson  gives  the  air  changes  per 
hour  desirable  in  textile  mills  as  4,  and 
in  foundries  as  3.  Allen  and  Walker 
give  the  cubic  feet  of  air  required  in 
workshops  per  occupant  per  hour  as 
from  600  to  2,000.  By  Thompson's 
standard  the  fresh  air  supplied  by  these 
fans  is  quite  insufficient,  and  by  Allen 
and  Walker's  it  is  more  than  enough, 
tliere  being  only  about  fifty  workers 
employed  at  one  time  in  this  building. 
If  we  consider  that  each  worker  requires 
1,000  cubic  feet  per  hour  in  this  clean 
shop,  the  total  fresh  air  required  per 
hour  =  50,000  cubic  feet,  while  the  three 
fans  together  supply  234,000  cubic  feet 
per  hour. 

Situation  Reviewed 

Considering  tlie  problem  generally,  it 
appeared  to  the  writer  that  the  use  of  a 
trunk  or  blast  system  here  was  wrong  in 
that  it  only  produced,  by  a  costly  and 
bulky  method,  a  renewal  of  air  that 
could  be  quite  well  brought  about  by 
open  windows  and  skylights  with,  per- 
haps, one  or  two  inexpensive  propeller 
type  fans,  "^^^lat  we  aimed  at  was  the 
ease  and  comfort  of  the  workers,  not 
the  pumping  in  of  an  arbitrary  quantity 


VENTILATION   OF   FACTORIES   IN   HOT   WEATHER 


481 


Si 


V^(^ 


^i© 


'\\  +^ 


\i 


o 


p 


o^ 


'301JJ0 


H 


H 


H 


#= 


e> 


®.  f 

4-^  ■ 

-J 

"5.  o 


'^^ 


© 


-  ^ 

111  UJ 

2     uj  o: 

<5 

—  u. 


^   0    Q 


©©^oQ 


1-     3 


i  i  j; 


>  >  K 


of  air  so  that  it  could  be  said  that  the     would  not  increase  the  production  of  the 
shops    were    properly    ventilated;    this     f actor j-  nor  lessen  the  labor  turnover. 
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Dk.  Leoxaed  Hill's  Methods  and  How 
They  Weee  Applhid 

Dr.  Leonard  Hill's  kata-tliermometer 
is  at  present  the  best  means  available  by 
wMch  those  physical  conditions  of  the 
atmosphere  that  affect  health  may  be 
measured,  and  for  the  benefit  of  those 
who  are  not  familiar  with  this  instru- 
ment a  short  account  of  its  principles  is 
given. 

The  worldug  human  body  can  be  con- 
sidered as  a  heat  engine  consuming  its 
fuel  (food)  with  an  overall  thermal  effi- 
ciency of  about  25  per  cent.;  that  is  to 
say,  it  has  to  dissipate  to  the  surround- 
ings about  75  per  cent,  of  the  heat  en- 
ergy of  the  food  eaten  and  digested,  in 
the  same  way  that  an  automobile,  in 
order  to  work  without  overheating  and 
without  being  forced  to  stop,  has  to  dis- 
pose of  about  80  per  cent,  of  the  heat  of 
its  petrol's  combustion  through  its 
radiator  and  exhaust  pipe,  and  from  the 
surfaces  of  its  engine.  The  human 
engine's  radiator  is  its  skin,  externally 
on  the  body  surface  and  internally  on 
the  respiratory  membrane,  through 
which  heat  is  lost  by  contact  with  air  at 
a  temperature  lower  than  its  own,  and 
by  the  evaporation  of  moisture  from  the 
warm  surfaces,  Avhich  can  always  take 
place  as  long  as  the  air  is  not  saturated. 
These  most  essential  interchanges  of 
heat  are  thus  governed  by  the  physical 
condition  of  the  air  surrounding  the 
body.  The  kata-thermometer  has  been 
invented  by  Dr.  Hill  to  enable  us  to 
measure  and  compare  these  physical 
conditions  as  they  occur  in  everj'dav 
life. 

The  kata-thermometor'  is  a  large 
bulbed  spirit  thermometer,  the  bulb  of 
which  is  heated  well  above  body  tem- 
perature   for    each    observation.      The 

'Made  by  .T.  Hicks,  8,  Hatton  Garden,  Ivondon, 
E.  O. 


instrument  is  then  suspended  freely  in 
the  air  that  is  to  be  tested,  and  the  time 
taken  by  the  meniscus  to  fall  from 
lOO'^F.  to  95°F.  is  measured  (the  mean 
of  these  figiires  being  taken  as  the  tem- 
perature of  the  skin). 

As  is  well  known,  the  amount  of  mois- 
ture present  in  the  air  has  a  great  influ- 
ence on  comfort,  and  if  it  is  remembered 
that  evaporation  plays  an  important 
part  in  disposing  of  the  body's  waste 
heat,  the  reason  for  this  is  clear.  The 
kata-thermometer  can  be  used  as  a  dry 
or  wet  bulb,  and  in  the  latter  case  it  has 
been  proved  that  the  additional  in- 
creased cooling  rate  obtained  is  entirely 
due  to  the  evaporation  of  the  water 
from  the  wet  jacket.  This  evaporation 
loss  is  greatly  increased  by  air  move- 
ments. 

Dr.  Hill  in  "The  Science  of  Ventila- 
tion and  Open  Air  Treatment"-  main- 
tains that  alterations  in  the  cooling  and 
evaporative  powers  of  the  air  acting  on 
the  human  body,  as  measurable  by  the 
kata-thermometer,  have  a  vastly  greater 
effect  upon  human  comfort  and  fatigue 
than  have  changes  in  the  chemical  com- 
position of  the  air  in  crowded  rooms. 
He  has  pointed  out  that  the  atmosphere 
of  a  stuffy  London  workshop  contains  a 
greater  concentration  of  oxygen  per 
cubic  foot  than  the  air  at  a  Swiss  moun- 
tain health  resort,  and  that  the  very  dif- 
ferent physical  effects  and  sensations 
liroduced  in  these  places  is  due  to  other 
causes  than  diminution  of  oxygen.  He 
has  recorded  kata-thermometer  read- 
ings in  factories,  schools,  mines,  aero- 
planes, army  huts,  and  in  roads,  gar- 
dens, fields,  on  the  seashore  and  moun- 
tains, and  has  collected  readings  from 
all  parts  of  the  world.     He  has  taken 

^Hill,  Ij.  :  Science  of  Ventilation  and  Open  Air 
Treatment.  Parts  I  and  II.  Med.  Researela  Conn- 
cil,  Si)ecial  Uep.  Series,  Nos.  .32  and  52.  London, 
1010,  102n. 
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readings  in  schoolrooms  ventilated  and 
heated  by  plenum  systems,  by  open 
windows  and  hot  water  pipes,  and  has 
found  that  in  the  "plenum"  rooms  mo- 
notonous conditions  obtain  that  tend  to 
keep  the  occupants  from  enjoying  an 
active  and  vigorous  state  of  mind.    He 


a  factory  in  hot  weather.  To  make  work 
in  a  factory  in  hot  weather  no  more 
trying  than  working  out  of  doors  in  the 
shade  in  hot  weather,  we  must  imitate 
indoors,  by  any  means  in  our  power,  the 
constant  small  movements  of  air  that 
take  place  out  of  doors  in  the  stillest  of 
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Fig.  2.  — Kata-thermoiiioter  readings  taken  in  two  positions  outside  the  factory- 


has  also  shown  that  this  cooling  power 
depends  not  only  upon  the  temperature 
of  the  air  but  upon  its  movement  past 
the  body  that  it  has  to  cool,  and  that 
movement  has  a  greater  effect  upon  the 
cooling  power  than  temperature  has, 
so  that  working  in  gently  moving  air  at 
85°  is  far  more  comfortable  than  work- 
ing in  still  air  at  80°. 

Here  seems  to  lie  a  key  to  the  problem 
of  keeping  good  working  conditions  in 


weather.  Provided  the  air  is  reason- 
ably clean  and  free  from  dust,  we  shall 
then  introduce  into  our  factory  much  of 
the  freshness  that  is  considered  insep- 
arable from  outdoor  life. 

Kata  readings  taken  outside  a  factory 
on  a  sunny  day  may  show  a  cooling 
power  of  15,  and  inside  the  factory  at  the 
same  time  the  kata  may  show  a  cooling 
power  of  only  5,  although  the  inside  of 
the  building  may  be  only  4  or  5  degrees 
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hotter  than  the  outside  shade  temper- 
ature. This  great  difference  is  due 
solely  to  the  stillness  or  stagnation  of 
the  air  in  a  closed  space. 

The  accompanying  graphs  show  a 
number  of  kata-thermometer  readings 
taken  within  the  same  two  hours  over  a 
number  of  days:  Figure  2  gives  those 


by  multiplying  the  approximate  free 
area  in  square  feet  of  all  openings  by 
1,000,  and  dividing  the  product  by  the 
cubic  foot  contents  of  the  building,  giv- 
ing square  feet  of  opening  per  thousand 
cubic  feet  of  space  in  the  building. 

In  this  connection  Figure  3  should  be 
especially  noted.     Here  the  broken  line 
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taken  in  two  positions  outside  the  fac- 
tory ;  Figures  3,  4  and  5  give  those  taken 
in  certain  positions  in  different  depart- 
ments of  the  factory  while  work  was 
actually  in  progress.  The  upper  curves 
are  from  the  wet  kata  readings  and  the 
lower  are  from  the  dry  kata  readings. 
The  great  differences  that  occur  be- 
tween the  outdoor  readings  from  day  to 
day  in  the  fickle  EngUsh  climate  will  be 
noted. 

The  figure  for  opening  space,  which 
accompanies  each  indoor  reading,  is 
an  indication  of  the  natural  ventilation 
available  through  open  doors,  skylights 
and  ventilators  in  the  department  under 
consideration.     This  figure  is  obtained 


indicates  readings  in  the  old  moulding 
or  curing  shop,  a  place  containing  many 
steam  curing  pans  and  pro\dded  with 
comparatively  small  vents  for  the  hot 
air,  or  side  openings  for  cool  air  to 
enter.  The  opening  figure  is  2.32  and 
the  lowest  dry  kata  cooling  power  is  0; 
the  temperature  when  this  reading  was 
taken  was  above  96.5°F.  The  solid  line 
pertains  to  the  new  naoulding  shop 
where  bountiful  side  windows  and  roof 
lights  are  proA^ded.  Here  the  opening 
fig-ure  is  8.66,  and  the  lowest  dry  kata 
reading  is  4. 

In  those  two  departments  the  work 
(lone  and  the  sources  of  heat  are  iden- 
tical; in  the  first  department  men  be- 
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•come  bathed  in  sweat  after  a  few  miu-     lieat  are  found  in  tliese  works,  and  where 


utes'  work,  and  are  generally  exhausted 
by  the  end  of  the  day ;  the  other  depart- 
ment only  impresses  the  worker  as  be- 
ing "rather  too  warm."    The  difference 


structural  alterations  were  called  for, 
in  order  effectively  to  dispose  of  the 
large  quantities  of  heat,  steam  and 
fumes    that   are   inseparable   from   the 
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is  obtained  by  no  greater  effort  than  a  processes.    We  have  now  to  consider  the 

careful  provision  of  natural  ventilation  larger  part  of  the  factory  where  proc- 

openings.  esses  entailing  no  large  production  of 

The    departments    cited    are    two    of  heat  are  carried  out,  but  where  the  sen- 

those   where   the    greatest    excesses    of  sations  and  the  kata-thermometer  prove 
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that  the  conditions  are  too  enervating. 

A  typical  series  of  kata  readings  for 
such  a  place  is  shown  in  Figure  4. 
These  readings  were  taken  in  the  mixing 
mill  and  extruding  shop,  where  the  open- 
ing figures  are  1.64  and  1.81,  respec- 
tively ;  while  the  average  dry  kata  read- 
ing is  about  4.5,  and  the  wet  kata  17,  in- 
stead of  the  figures  7.5  and  24,  which  are 
considered  ideal  for  moderate  physical 
work.  Compare  these  figures  with  those 
for  the  test  department  (Fig.  5)  where 
the  opening  figaire  is  3.25,  and  the  dry 
and  wet  katas  6.5  and  19. 

It  is  plain  that  roof  and  wall  openings, 
though  of  great  use  in  hot  weather,  will, 
even  if  the  construction  and  position  of 
a  factory  permit  their  being  made,  be 
only  a  partial  remedy  for  stuffy  condi- 
tions in  hot  weather.  At  best  it  is  only 
reasonable  to  suppose  that  natural  ven- 
tilation can  keep  the  inside  temperature 
down  to  that  of  the  outside  air,  and  in 
practice  even  this  is  rarely  attained.  The 
ideal  factory  would  be  one  with  walls 
which  could  be  entirely  removed  in  sum- 
mer, so  that  the  occupants,  while  shaded 
from  the  sun,  would  be  stimulated  by 
the  constant  movements  of  the  air. 

In  public  buildings  and  theatres  ven- 
tilation engineers  are  in  the  habit  of  re- 
lieving stagnation  of  the  air  by  intro- 
ducing conditioned  air  at  a  suitable 
position  at  one  side  of  the  room  and  re- 
moving it  at  the  other;  a  given  volmne 
of  air  thus  traverses  a  space  of  known 
volume  at  a  known  average  velocity.  It 
is  hardly  necessary  to  point  out  that  a 
conditioned  air  supply  to  a  factory  like 
the  one  under  investigation,  besides  be- 
ing quite  unnecessary,  would  be  alto- 
gether out  of  the  question. 

In  small  rooms  and  offices  air  move- 
ments can  be  produced  at  will  by  small 
electric  fans,  and  in  restaurants  by 
larger  fans  suspended  from  the  ceiling. 


Both  of  these  have  the  desired  effect: 
they  "make  the  place  feel  cooler  and 
fresher" — that  is  to  say,  they  cause  the 
air  to  move  faster  around  the  bodies  and 
faces  of  the  people  present,  and  this  air, 
being  cooler  and  dryer  than  the  sur- 
faces, has  a  pleasant  cooling  effect. 


Fig.  6. — Side  aud  front  views  of  jet  tubes  as 
fitted  up  in  a  factory. 

It  appeared  to  the  writer  that  none  of 
the  usual  methods  of  promoting  air 
movements  were  applicable  to  factory 
conditions,  where  cooling  effects,  to  be 
of  any  real  use,  must  be  produced  over 
very  large  floor  spaces,  and  at  the  level 
of  the  head  and  shoulders  rather  than 
at  the  level  of  the  feet,  and  must  in  no 
part  of  the  building  cause  unpleasant 
drafts. 

The  Jet  Tube. — In  order  to  meet  these 
conditions  the  writer  introduced  the  jet 
tube  system,  by  means  of  which  it  was 
hoped  to  cause  air  movements  of  the 
light  kind  over  a  large  floor  area.  A 
jet  tube  consists  of  a  sheet  iron  tube  or 
trunk  terminating  in  a  wide,  flat  open- 
ing, through  which  air  is  driven  with 
high  velocity  by  means  of  a  low  pres- 
sure centrifugal  fan.  The  flat,  wide 
stream  thus  produced  passes  well  over 
the  heads  of  the  people  but  its  force  is 
sufficient  to  set  in  motion  a  great  volume 
of  air  around  its  path.  This  surround- 
ing air  gets  a  general  drift  in  the  direc- 
tion of  the  jet  but  it  is  also  thrown  into 
eddies  and  whirls  that  to  some  extent 
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power  increases  due  to  jet  tube  at  liead  and  feet  are  marked  beside  stations.  For  example,  at  sta- 
tion 6,  the  increase  was  5.7  at  head  level,  and  0.92  at  foot  level.  At  station  8  the  jet  tube  had  less 
effect  than  the  air  trunk. 


TABLE  1,— COMPARISON  OF 

EFFECTS  OP  JET  TUBE  AND  OF  AIR  TRUNK 

Position 
and  Fans 

Temi)erature  at 
Shoulder    Level 

Dry  Kata 
Cooling  Powers 

Cooling  Power 
Increase 

Dry 

Wet 

At  Head 

1     At  Feet 

At  Head     | 

At  Feet 

"F. 

"F. 

1. 

All  off 

Trunk  on 

74.0 
74.0 

65.0 
65.0 

4.36 
4.21 

4.751 
4.97] 

-0.15 

0.22 

2. 

All  off 
Trunk  on 

74.5 
74.0 

64.5 
64.0 

4.70 
3.25 

5.05  1 
4.97  1 

-1.45 

-0.08 

3. 

All  off 
Trunk  on 

75.0 
74.0 

64.0 
63.0 

3.98 
5.11 

4.441 
8.27  1 

1.13 

3.83 

4. 

All  off 
Trunk  on 

74.0 
73.0 

65.0 
64.0 

4.40 
4.50 

4.501 
5.22} 

0.10 

0.72 

5. 

Trunk  on 
Jet  tube  on 

79.0 
79.0 

72.0 
70.5 

3.98 
6.50 

3.471 
4.00] 

2.52 
(increase  over 

0.53 
trunk) 

6. 

All  off 
Trunk  on 
Jet  tube  on 

77.5 
77.0 
78.5 

70.0 
70.0 
69.0 

4.00 
4.37 

9.70 

3.98] 
3.92}. 
4-90  j 

0.37 
5.70 

-0.06 
0.92 

7. 

All  off 
Trunk  on 
Jet  tube  on 

78.0 
76.0 
78.0 

71.0 
69.0 
69.5 

3.68 
5.31 

8.26 

3.65] 
5.74 

5.59 

1.63 

4.58 

2.09 
1.94 

8. 

Trunk  on 
Jet  tube  on 

76.0 
78.5 

68.0 
69.5 

6.34 
6.22 

8.301 
4.60  1 

-0.12              -3.70 
(less  than  trunk) 

9. 

All  off 
Trunk  on 
Jet  tube  on 

78.0 
78.5 
79.0 

71.5 
71.5 
70.5 

3.60 
4.15 
6.50 

3.55] 
3.59^ 
4.00  1 

0.55 
2.90 

0.04 
0.45 

10. 

All  ofe 
Jet  tube  on 

78.0 
79.0 

71.0 
71.0 

3.36 
4.42 

-} 

—  \ 

1.06 

- 

prevent  the  monotonous  sensation  pro-  above  the  heads  of  the  occupants,  is  gen- 
duced  by  a  steady  current  of  air.  The  erally  slightly  canted  downwards  so  that 
jet,   though   starting  at  a  height  well     as  its  force  lessens  with  distance,  its 
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effect  is  increased  as  it  nears  the  floor. 
In  this  way  it  was  fouud  that  a  single 
jet  tube  supplied  with  air  by  a  IMi 
horse  power  motor  had  a  measurable 
effect  over  a  floor  space  of  roughly  100 
feet  by  15  feet,  and  that  five  jet  tubes 
•could  keep  in  motion  the  whole  air  in  a 
large  building. 


ing  power  should  be  about  7.5  and  that 
without  artificial  ventilation  the  cooling 
jDower  was  only  from  3  to  4.5  on  a  hot, 
stuffy  day,  it  will  be  seen  that  the  jet 
tube  jDroduced  a  marked  cooling  effect 
on  all  the  workers  in  a  space  of  more 
than  700  square  feet.  It  will  also  be 
noted  that  this  was  invariably  greater 
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Fig.  8. — Kffoct  of  horizontal  draff  in  curing  shop  from  a  Vj  horse  iiower  blower  drawing  fresh  air. 


Figure  7  shows  how  one  of  these  jet 
lubes  was  set  up  over  the  track  of  a 
manufacturing  process  so  that  it  would 
l)low  over  the  heads  of  two  long  lines  of 
workers,  between  whom  the  articles 
passed.  The  effect  of  the  jet  tube  is 
compared  with  that  of  one  of  the  air 
trunks  already  referred  to,  which  was 
fixed  to  the  wall  at  the  side  (Table  1). 
The  jet  tube  and  the  air  trunk  wore 
worked  by  motors  of  identical  type  and 
power. 

Remembering  that  tlie  drv  kata.  cool- 


at  the  head  than  at  the  feet :  stuffy  heads 
and  cold  feet  are  good  for  no  one. 

The  air  used  in  the  jet  tube  was  the 
warm  air  from  inside  the  roof  of  the 
l)uilding  untreated  in  any  way;  its  tem- 
perature was  82.5°F.,  and  that  of  the 
fresh  air  from  the  trunk  was  68°F.  It 
will  be  seen  that  the  warm  air  cooled  the 
workers  more  than  did  the  cool  air.  The 
negligible  effect  on  the  temperature 
caused  by  tlie  introduction  of  1,000  cubic 
feet  per  minute  of  outside  air  14.5° 
cooler    than    that    of    the    building    is 
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notable.  It  should  also  be  noted  that 
in  some  places  the  trunk  produces  a 
large  and  undesirable  cooling  power  at 
the  feet.     (See  positions  3  and  7.) 

Figure  8  shows  the  effect  of  a  jet  tube 
working  at  V2  horse  jaower  only,  placed 
in  a  curing  shop  for  the  benefit  of  the 
men   working  in   front   on   three   large 


ling  the  speed  of  the  fan  motor  and  by 
altering  the  inclination  of  the  jet  to  the 
ground. 

Conclusions 

The  following  summarizes  the  results 
obtained  in  the  eighteen  mouths  during 
which  this  research  was  carried  out. 

Maintenance     of     Equable     Temper- 


TAP.LE  2.— EFFECT  OF  JET  TUBE  ON  COOLING  POWER  IX  CUKIXG  SHOP 


Pos 

ition 

Temperatu 

•e 

Cooling  Power 
(Dry) 

Coo 
luc- 
to 

in;,'    Power 
rease    Due 

Dry           1 

Wet 

Jet    Tube 

°F. 

°F. 

Kl 

Off 
On 

75.0 

66.0 

3.71  1 

4.80  1 

1.09 

K2 

Off 
On 

79.0 
75.0 

70.0 
65.0 

3.62  ) 
12.60  1 

8.98 

K3 

Off 
On 

77.5 
77.5 

67.0 
65.5 

3.95  1 
6.30  J 

2.35 

K4 

Off 
On 

78.0 
76.5 

68.5 
67.5 

3.50  ) 
4.55  5 

1.05 

K6 

Off 
On 

— 

— 

3.21  ) 
3.46) 

0.25 

K8 

Off 
On 

76.0 

78.0 

67.0 
68.0 

3.85) 
5.02  J 

1.17 

K9 

Off 
On 

82.0 
S4.0 

70.0 
70.5 

2.24  1 
2.50  J 

0.26 

KIO 

Off 

On 

80.0 
81.0 

69.0 
69.0 

.3.21  ) 
4.:!(i  ( 

1.09 

steam-heated  curing  pans.  The  tem- 
perature here  was  generally  over  80°F. ; 
the  cooling  power  increases  at  the  va- 
rious stations  are  given  in  Table  2.  The 
temperature  of  air  from  the  jet  tube  was 
from  40°  to  50°F. 

The  air  movements  were  investigated 
by  means  of  smoke  clouds,  and  their  di- 
rections and  comparative  velocities  are 
indicated  on  the  plan  shown  in  Figure  8. 
The  jet  was  8  feet  above  the  floor,  and  it 
will  be  seen  that  it  caused  a  marked  gen- 
eral movement  of  air  in  the  building. 
The  effect  of  tlie  jet  tubes  can  be  varied 
to  suit  prevailing  conditions  by  control- 


atures  in  Hot  Weather. — The  introduc- 
tion of  fresh  air  by  centrifugal  fans  in 
quantities  sufficient  to  keep  down  the 
temperature  of  a  large  factory  appears 
to  be  difficult  and  costly.  In  all  possible 
cases  ample  roof  and  side  openings 
should  be  made,  and  in  most  cases  they 
should  be  so  arranged  that  they  can  be 
closed  completely  in  cold  weather.  Side 
and  roof  openings  should  be  of  approx- 
imately equal  area,  and  the  ratio  of 
their  sizes  to  that  of  the  building  which 
they  are  to  ventilate,  should  depend 
upon  the  nature  of  the  work  that  is  to 
be  done  in  the  building. 
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The  following  appear  to  be  suitable 
-opening  figures  for  buildings  of  the 
class  under  consideration: 


tain  an  equable  temperature  in  buildings 

where    natural    ventilation    cannot    be 

used. 

The   following   formula  is   proposed 

for  use  in  determining  the  velocity  of 
Building  and  Nature  Opening  Figure     air  into  a  building  through  side  open- 

of  Work         . ,  Q  „  _     sq.£t.X1000      ■         ^^^  ^^^  ^f  ^^  through  roof  openings 
eu.  ft.  content  r.  ^  •■  <=> 

ot  equal  area: 

Offices    3.0  , 

Laboratories   4.5  /       jjt 

Chemical   laboratories    5.0  V  =  -./trCH  'tI 

Light  manual  work  on  cool  processes     .5-6       ^^^^^  ^  _  velocity  of  air  in  feet  per  second. 
Light  manual  work  with  moderate  heat  6-7  H  =  vertical    distance    between    cen- 

Heavy  work  with  great  heat   9-11  ^^^.^  ^^  ^^^^  ^^^  ^^U  openings 

Many  more  data  of  opening  fig-ures  in  ^  _  abilutf 'temperature  of  outside 

well    ventilated    and    badly    ventilated  air. 

buildings     are     required.      The     actual  T  =  absolute   temperature   of   inside 

air  flow  throtigh   roof  and   side   open-  ^  ^  ■:>.^^' 
ings,    due    to    a    known    ditference    of 

inside  and  outside  temperatures,  should  Cooling  Poiver. — The  cooling  power 
be  determined  in  perfectly  still  of  the  air  as  measured  by  Hill's  kata- 
weather  with  a  view  to  designing  thermometer  has  an  enormous  effect 
these  openings  so  that  a  reason-  upon  human  comfort.  Air  movements, 
able  temperature  difference  will  never  drafts,  and  eddies  are  great  deter- 
be  exceeded  when  all  are  open.  In  this  minants  of  coohng  power, 
way  the  air  changes  due  to  natural  ven-  In  cold  weather  drafts  are  unbear- 
tilation  in  hot,  still  weather  may  be  de-  able ;  in  hot  weather  they  are  a  godsend, 
termined,  and  this  would  enable  the  and  instead  of  popularly  being  called 
sizes  of  suitable  propeller  type  fans  to  drafts  are  spoken  of  as  "fresh  air," 
be  determined  for  those  buildings  in  whether  the  air  is  fresh  or  merely  the 
which,  for  any  reason,  it  is  impossible  air  of  the  enclosure  in  a  state  of  move- 
to  provide  the  requisite  natural  venti-  ment. 

lation    openings.      Thus,    by    observing  In  order  to  get  the  best  working  con- 

the  heat-induced  air  changes  that  take  ditions  in  a  factory  it  is  necessary  to 

place  in  a  number  of  naturally  venti-  give  proper  attention  to  the  movement 

lated  buildings  it  would  be  possible  to  of  the  air  around  the  occupants,  and  to 

say  what  fans  -will  be  required  to  main-  vary  this  to  suit  the  climatic  conditions. 


THE  INFLUENCE  OF  BENZOL    UPON  CERTAIN  ASPECTS  OF 
METABOLISM* 

Frank  P.  Underhill,  Ph.D.,  and  Benedict  R.  Harris,  M.D. 
From  the  Department  of  Pharmacology  and  Toxicology,   Yale   University,  New  Haven 


Introduction  and  Historical 

THAT  benzol  (benzene,  CeHs)  is  a 
substance  which  warrants  a  more 
complete  study  as  to  its  pharmacological 
and  toxicological  action  is  being  empha- 
sized by  tlie  increasing  reports  in  the  lit- 
erature, not  only  of  Europe,  but  also  of 
America,  of  cases  of  both  acute  and 
chronic  poisoning  which  frequently  ter- 
minate fatally.  In  Europe,  especially  in 
Germany,  benzol  has  long  enjoyed  an  ex- 
tensive use  in  the  industries,  partic- 
ularly in  the  manufacture  of  rubber 
goods,  in  dry  cleaning,  and  in  the  prep- 
aration of  quickly  drying  paints  because 
of  its  powerful  solvent  action  and  its 
quick  evaporation.  From  time  to  time 
one  finds  reports  in  the  literature  of  both 
acute  and  chronic  poisoning,  and  its  ac- 
tion on  the  blood  has  been  noted  and 
thoroughly  discussed. 

Up  to  1914:  benzol  had  practically  little 
use  in  the  United  States.  Petroleum- 
benzine  and  naphtha  had  been  used  as 
solvents  in  the  rubber  industry,  for  they 
were  much  cheaper  than  benzol.  With 
the  outbreak  of  the  Great  War  in  1914, 
however,  two  tilings  were  brought  about : 

1.  The  supply  from  Germany  not 
only  of  benzol  but  also  of  aniline,  which 
had  become  a  valued  ingredient  of  com- 
pound rubber,  was  shut  off. 

2.  A  sudden  demand  was  created  for 
benzol  and  toluene  for  the  manufacture 
of  explosives,  and  for  aniline  for  the 

*The  data  are  taken  from  a  thesis  by  Dr.  Bene- 
dict R.  Harris  presented  in  candidacy  for  tlie  de- 
gree of  Doctor  of  Medicine.  Yale  University,  1922. 
Received  for  imblication  Nov.  20.  1922. 


manufacture  of  dyes  as  well  as  of  rub- 
ber.   As  a  result,  coke  by-product  plants 
were  erected  to  secure  benzol  and  toluol. 
With  the  armistice  there  came  a  sudden 
cessation  of  the  manufacture  of  explo- 
sives and,  with  it,  a  need  for  new  mar- 
kets for  the  enormous  quantities  of  coal- 
tar    distillates     (benzol    among    them) 
wliich  were  thrown  back  on  the  hands  of 
the    producers.      These    markets    have 
been  found  in  the  rubber  industry,  espe- 
cially for  tires,  footwear  and  hose;  in 
sealing  mixtures  for  tin  cans;  in  the 
shoe  trade  for  cement;  in  certain  proc- 
esses in  the  maldng  of  straw  hats ;  as  a 
solvent  for  fabrikoid;  and  as  a  substi- 
tute for  gasoline  in  motor  car  fuel.  Ben- 
zol is  therefore  much  cheaper  now  than 
tlie  solvents  previously  used  and,  being 
also  a  more  powerful  solvent,  is  replac- 
ing those  previously  used.    Indeed,  it  is 
not  improbable  that  the  coal-tar  distil- 
lates will  soon  supplant  the  petroleum 
distillates  in  the  making  of  spread  rub- 
ber goods  and  dipped  rubber  goods  as 
they  have  in  Europe. 

In  America,  before  1914,  Selling(l) 
reported  a  few  cases  of  chronic  benzol 
poisoning  from  a  can  factory  where  rub- 
ber dissolved  in  benzol  was  used  as  a 
sealing  fluid.  At  that  time  no  cases  of 
severe  acute  benzol  poisoning  were  on 
record,  but  in  1915  to  1916  Alice  Hamil- 
ton (2)  reported  fourteen  cases  of  sud- 
den acute  poisoning  with  seven  deaths, 
and  since  that  time  the  danger  of  such 
an  accident  has  become  familiar  to  engi- 
neers, chemists,  and  safety  experts.  The 
danger  of  chronic  poisoning  is  less  well- 
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known  and,  inasmuch  as  it  is  becoming 
an  increasing  menace  in  this  country,  it 
is  essential  that  the  medical  profession 
should  better  acquaint  itself  with  the 
conditions  under  which  it  may  be  looked 
for,  .its  warning  symptoms,  its  pharma- 
cological, pathological,  and  toxicological 
effects.  It  was  Axith  the  intention  of  en- 
deavoring to  add  a  little  more  to  the 
knowledge  of  its  toxicity  that  this  study 
of  the  effect  of  benzol  upon  certain  as- 
pects of  metabolism  was  undertaken. 

Acute  Benzol  Poisonixg 

In  1912,  the  reports  of  the  German 
factory  inspectors  (3)  contain  three 
cases  of  acute  benzol  poisoning,  two  of 
them  fatal.  One  man  was  painting  the 
interior  of  a  barrel  with  benzol  tar 
paint ;  the  other,  a  worker  in  a  dry  clean- 
ing establishment,  had  climbed  into  the 
washing  macliine  which  had  a  little  resi- 
due of  benzol  at  the  bottom.  The  third, 
who  was  in  charge  of  a  distilling  plant, 
had  neglected  to  turn  on  the  cold  water 
for  condensation,  and  the  fumes  that 
escaped  killed  liim.  A  similar  case  was 
reported  by  the  British  factory  inspec- 
tors (4)  in  1918.  In  America,  the  earli- 
est instances  of  acute  industrial  benzol 
poisoning  seem  to  have  occurred  in  con- 
nection with  the  war  industries  in  1915 
to  1916,  the  men  being  pipe-fitters  or 
workmen  engaged  in  distilling  benzol  or 
cleaning  tanks  (5).  In  more  recent  years 
a  decided  effort  has  been  made  to  avoid 
such  accidents,  but  if  a  man  is  suscepti- 
ble, it  takes  only  a  small  quantity  to 
poison  or  even  In  kill  liim.  Cases  of  cx- 
trome  susceptibility  to  very  small 
amounts  of  benzol  have  been  reported 
"Vby  Lewin  (6),  Harrington  (7),  and  oth- 
ers. Rambousek  (8)  described  lliirlx- 
four  cases,  of  which  twenty  two  inoxcd 
fatal. 


Symptoms  (9). — In  slight  cases  there 
is  giddiness  and  a  stage  of  excitement^ 
which,  if  ihe  vapor  is  inhaled  in  quan- 
tity, is  quickly  folloAved  by  coma.  The 
skin  assumes  a  somewhat  livid  appear- 
ance, and  convulsions  or  twT^tclungs  of 
the  muscles  are  noticeable. 

Pathology. — According  to  Beinhauer 
(10),  in  aciTte  benzol  poisoning  the  blood 
in  the  heart  and  vessels  is  fluid,  the  veins 
of  the  abdomen  are  engorged.  There 
are  hemorrhages  into  the  gastric  mu- 
cosa, l)loody  foam  in  the  air  passages, 
no  benzol  odor,  and  no  benzol  demon- 
strable chemically.  Sury-Bienz  (11) 
found  conspicuous  bright  red  sjjots  over 
the  body,  the  blood  fluid  and  dark, 
petechial  hemorrhages  into  the  gastro- 
intestinal mucosa  and  pleura,  general 
venous  congestion,  and  bloody  mucus  in 
the  air  passages.  Lehmann  (12)  of 
Wiirzburg,  experimenting  with  cats, 
found  a  decided  variation  of  susceptibil- 
ity in  individuals  but  all  of  them 
showed  signs  of  irritation  of  the  mucous 
membranes,  muscular  twitchings,  and  a 
fall  of  body  temperature.  In  large  doses 
there  were  convulsions,  narcosis,  very 
deep  respiration,  first  quick  then  slow, 
quickened  pulse,  and  death  from  res- 
piratory paralysis.  In  man,  15  mg.  (^4 
grain)  per  liter  of  air  produces  listless- 
ness  and  confusion  after  half  an  hour, 
and  exposure  to  from  20  to  ?A)  mg.  (1/3 
to  1/2  grain  or  from  two  to  three  parts 
per  100,000  of  air)  for  a  few  hours  may 
cause  loss  of  consciousness. 

Chroxic  Benzol  Poisoning 

Saiites.son  (l.'J)  in  1897  reported  nine 
cases  of  chronic  benzol  poisoning  in 
young  Avomen,  aged  15  to  20  years,  em- 
ployed in  ii  \cl(i('i])('(lc  tii-e  factory  in 
I'jjsala,  using  benzol  rubber  cemeut. 
Four  of  them  died  after  exposure  for 
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three  weeks  to  four  months.  Selling  (1) 
in  1910  described  similar  intoxication 
in  girls  aged  14  to  16  years,  employed 
in  a  Maryland  can  factory,  in  which  the 
sealing  mixture  consisted  of  rubber  and 
resin  dissolved  in  commercial  benzol.  In 
191C  McClure  (14)  reported  a  case  from 
the  same  factory,  and  two  more  cases 
were  reported  in  the  same  year,  one  in 
a  boy  aged  17,  the  other  in  a  woman 
aged  57.  Harrington  (7)  of  Boston  re- 
ported five  cases  with  three  deaths  in 
an  automobile  tire  factory.  Two  fatal 
cases  were  brought  before  the  Now  York 
State  Workmen's  Compensation  Com- 
mission (15)  in  1920.  These  men  had 
been  engaged  coating  fabrikoid  with  a 
mixture  consisting  of  nitrocellulose,  pig- 
ment, castor  oil,  grain  alcohol,  benzyl, 
and  ethyl  acetate. 

Symptomatology.  ■ —  Briefly,  chronic 
>  benzol  poisoning  takes  the  form  of  an 
aplastic  anemia  with  subcutaneous  hem- 
orrhages and  bleeding  from  the  mucous 
membranes  as  terminal  changes.  Cases 
are  all  so  similar  that  the  symptoms  and 
pathology  may  best  be  illustrated  by  the 
report  in  full  of  one  of  Selling's  (1) 
cases. 

Case  1. — M.  "W.,  white,  female,  aged  14 
years.     Oceupation  :  factory  hand. 

The  patient  was  first  seen  by  Dr.  Girdwood 
about  June  1,  1909.  At  that  time  he  was 
treating  the  mother  for  pnetimonia  and  his 
attention  was  called  to  ^he  dausliter  inciden- 
tally by  her  marked  pallor  and  by  the  pres- 
ence of  a  purpuric  eruption.  She  was  feeling 
perfectly  well.  Shortly  after  this  she  began 
to  have  haemorrhages  from  the  mouth  and 
nose,  and  she  was  advised  by  Dr.  Girdwood 
to  enter  the  hospital. 

She  was  admitted  to  the  Johns  Hopkins 
Hospital  on  June  28,  1909,  complaining  of 
"spots  on  body  and  dizziness." 

Family  History. — One  uncle  died  of  tuber- 
culosis. 

Past  History. — Negative  except  for  mumps, 
chickcn-po.x,  and  two  attacks  of  measles.  She 
bad  been  working  in  the  canning  factory  for 
about  four  months  at  the  coating  machines. 


During  this  period  she  had  no  symptoms 
whatever  and  stopped  work  because  of  her 
mother's  illness. 

Present  Illness. — The  patient  dates  the 
present  illness  from  the  latter  part  of  iMay, 
1909,  about  one  month  before  admission,  wlien 
she  first  noticed  blue  spots  on  her  arms  and 
legs.  These,  she  states,  came  out  slowly  and 
a  few  at  a  time.  Shortly  after  this,  she  began 
to  have  bleeding  from  the  gums,  nose,  and 
throat,  one  attack  of  epistaxis  lasting  two 
days.  A  few  days  before  admission  there  was 
a  very  severe  haemorrhage  from  the  throat, 
controlled  only  with  difficulty  by  local  appli- 
cations. For  the  past  week  she  has  been  in 
bed,  the  chief  symptoms  being  weakness  and 
dizziness.  There  have  been  no  joint  pains  and 
no  ffastro-intestinal  symptoms. 

Physical  Eramination  on  Arlmission. — Pa- 
tient is  a  well-built,  well-nourished  girl.  Skin 
shows  a  marked  waxy  pallor,  and  mucous 
membranes  are  very  pale.  Scattered  over  tlie 
arms  and  legs,  and,  to  a  less  extent,  over  the 
trunk  are  purplish-red  to  blue  macules,  which 
are  1  to  3  mm.  in  diameter  and  which  do  not 
change  on  pressiu'e.  Several  fading  spots  are 
present  on  the  face.  On  the  right  shin  there 
is  a  large  ecchymosis  and  a  similar,  but  small- 
er one,  on  the  left  shin.  The  gums  show  slight 
bleeding,  especially  about  the  root  of  a  broken 
tooth.  They  are  not  snong.y.  In  the  region  of 
the  left  tonsil  and  the  right  anterior  pillar 
and  extendino:  up  to  the  uvula  is  a  dark  l)rown 
necrotic  looking  mass  surrounded  by  an  in- 
flamed border.  This  was  the  site  of  a  severe 
haemorrhage  which  had  been  controlled  by 
the  application  of  ferrous  snlphate  before  ad- 
mission.   No  glandular  enlargement. 

Heart. — Negative  except  for  systolic  mur- 
mur over  the  precnrdium.  which  was  consid- 
ered of  hemic  origin.    Lungs  negative. 

Abflnme7i. — Liver  edge  easily  felt  2  cm.  be- 
low costal  margin  in  risrht  mnmmilhiry  line; 
edge  sharp  and  soft.  Spleen  not  felt;  dulness 
not  increased.    No  oedema  of  legs. 

Ophthalmoscopic  Examination. — 'Moderate 
grade  of  neuro-retinal  oedema.  Fundi  very 
pale  and  flecked  throughout  by  great  num- 
bers of  haemorrhages,  linear  and  round. 
These  are  especially  numerous  about  the 
discs.  The  arteries  are  extremel.v  pale.  The 
veins  are  pale  but  relatively  darker  than  the 
arteries. 

For  the  first  few  da.vs  after  admission  llie 
patient  was  listless,  but,  in  spite  of  the 
marked  anaemia,  her  condition  seemed  very 
good.  There  was  a  continuous,  but  slight 
oozing  from  the  mouth  and  throat,  with  an 
occasional  expectoration  of  a  blood  clot.    A 
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few  fresh  purpuric  spots  appeared,  some  of 
them  on  the  gums. 

On  July  3,  the  patient  became  very  toxic. 
She  was  in  a  state  of  stupor  from  which  .she 
could  not  be  aroused.  The  pulse  was  small 
and  weak.  Because  of  the  seriousness  of  her 
condition,  a  transfusion  of  blood  was  at- 
tempted, following  which  the  pulse  became 
fuller  and  of  a  better  quality,  and  the  mucous 
membranes  of  a  slightly  better  color.  There 
was.  however,  no  change  in  the  blood  count. 

July  4.  The  condition  was  much  improved. 
The  patient  was  mentally  clear.  The  pulse 
was  slower  and  of  better  quality.  The  im- 
provement continued  until  July  6,  when  she 
lapsed  back  into  the  previous  toxic  state.  The 
respiration  was  rapid  and  labored,  the  pulse 
rapid  and  of  poor  qnality.  She  became  stead- 
fly  weaker  xintil  the  exitus  which  occurred  on 
that  day. 

During  her  stay  in  the  hospital  the  temper- 
ature ranged  from  99.8'  to  104.6=  P.,  the 
pulse  from  108  to  16-5  per  minute.  Blood  cul- 
ture and  Widal  negative. 

The  urine  was  normal  on  admi-ssion,  but  fol- 
lowing the  transfusion  .showed  albumin  and 
a  few  hyaline  and  granular  easts.  There  was 
no  evidence  of  hemolysis  either  in  the  change 
in  the  color  of  the  urine  or  in  the  appearance 
of  jaundice. 

Blood  on  Admission. — ^The  examination  of 
the  fresh  blood  showed  the  red  cells  smaller 
than  normaL  pale  and  with  very  pale  centres : 
moderate  anisocytosis.  but  no  extremely  large 
or  small  forms.  No  poikilocytt^is.  Marked 
leueopenia  with  predominance  of  mononu- 
clears. 

R.B.C.        W.B.C.    Hgb. 

June  2S  . .  1.280      28%  (Sahli) 

July      1  . .   1.090.000         480      11% 
July     3  . .      800.000         480      — 
July     4  . .      640,000         600        8% 

In  all  th?;  fresh  smears  examined,  platelets 
were  practically  absent.  Coagulation  time 
W'y  minutes. 

Differential  count  of  smears  made  July  3 : 
(Ehrlich's  triacid  stain.  ^ 
Polymorphonuclear;  43% 

Lymphocytes  41% 

Large  mononuelear> 14% 

Unclassified   2% 

100  cell?  were  counted.    One  megalobla.st  was 
<:€€n ;  no  normoblasts. 

Contraction  of  the  Blood  Clot. — The  blood, 
drawn  from  the  ear  and  allowed  to  stand  in 
a  tube  for  24  hours,  showed  some  contraction 
of  the  clot  and  expression  of  the  serum.  The 
extent  of  contraction,  however,  and  the 
amonrt    of  spmm   expressed   were  distinctly 


less  than  in  the  control  tubes  taken  from  nor- 
mal patients. 

Autopsy  (abstract)  by  Dr.  W.  G.  yiaz- 
Galium.  Anatomical  diagnosis:  Purpura 
haemorrhagiea  '' probably  toxic) ;  haemor- 
rhages in  the  skin.  vLscera,  and  serous  sur- 
faces :  pallor  of  the  organs. 

iluseles  a  deep  red  color.  Blood  pale  and 
watery.  The  heart  muscle,  and  to  a  less  ex- 
tent, the  liver,  show  some  fatty  degeneration. 

Bone  Marrow. — The  bone  marrow  of  the 
femur  is  fairly  con.sistent :  it  is  of  a  dull  ochre 
yeUow  color  with  no  abundance  of  bloody  sup- 
ply. It  does  not  look  like  a  markedly  hyper- 
plastic marrow. 

Microscopic  Bevort. — Malpishian  corpus- 
cles of  the  spleen  .show  areas  of  hyaline  ne<To- 
sis.  Otherwise  the  findings  simply  confirm 
the  srros;  description. 

Bone  marrow,  microscopic  examination  by 
Dr.  Bogss.  Smear  from  the  femur  marrow 
'^Romanowski  stain '^  shows  verv  few  cells  of 
any  kind.  The  predominant  cell  is  the  normal 
red.  which  is  pallid  and  sliehtly  basophilic 
and  shows  no  great  irreeularity.  Lencocvtes 
are  extremely  scanty.  They  are  mostlv  of  the 
lymphocytic  or  myeloblastic  type.  Tbey  are 
characterised  generally  by  a  very  definitely 
reduced  chromatin  in  the  nuclei,  ^fanv  nu- 
clei show  vacuolization  and  the  cvtoplasm  is 
thin.  fra?ile  and  poorlv  stained.  One  meealo- 
caryocyte  seen  on  fairly  careful  examination 
of  the  cover  slip.  Suggests  an  aplastic  bone 
marrow. 

The  most  remarkable  feature  was  the   -, 
blood    condition    and    tbis    can  be  de-  ^ 
scribed  as  an  aplastic  anemia.    In  com- 
mon with  tbe  aplastic  anemia  -were: 

1.  Presence  of  only  sligbt  cbanares  in 
tbe  appearance  of  the  red  blood  cells 
(slight  pallor  and  sligbt  anisocytosis). 

2.  Absence  or  comparative  fewness 
of  regenerative  forms. 

3.  Scantiness  of  platelets. 

4.  Diminution  of  the  granular  types 
of  white  blood  cells  with  a  relative  in- 
crease in  the  mononuclear  element. 

5.  Bilarked  leukopenia. 

Santesson  (13).  experimentally  in  rab- 
bits, by  subcutaneous  injection  and  by 
wrapping  the  bodies  of  the  animals  in 
cloths  soaked  with  benzol,  produced 
chronic  poisonine  and  pathologrical  find- 
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Lngs  similar  to  those  reported  in  the 
foregoing  case. 

Later  researches  of  Selling  (1)  and 
those  of  Duke  (16)  show  that  there  is: 

1.  A  direct  destruction  of  leukocytes 
with  reduced  formation  of  new  ele- 
ments. 

2.  A  destructive  action  on  blood 
platelets  and  on  the  megakaryocytes  of 
the  marrow  from  which  platelets  are 
formed. 

3.  Destruction  of  adult  red  corpus- 
cles and  the  prevention  of  the  forma- 
tion of  new  ones. 

These  changes  occur  in  the  order 
given,  the  effect  on  the  red  corpuscles 
being  especially  characteristic  of  very 
slow  poisoning,  the  last  to  appear,  and 
the  last  to  disappear  with  recovery. 

Hektoen  (17),  Rusk  (18),  and  Weis- 
kotten  and  his  colleagues  (19)  have  done 
much  further  work,  showing  a  decrease 
of  antibody,  hemolysin  and  precipitin 
production  and  exact  blood  changes. 
Practically  all  the  work  thus  far  has 
been  done  with  particular  emphasis  on 
the  blood  system  or  on  the  pathological 
findings.  Aside  from  the  work  of  Sohn 
(20)  in  1913,  in  which  the  excretion  in 
the  urine  of  neutral  sulphur,  urea  nitro- 
gen and  ammonia  nitrogen  was  studied, 
the  influence  of  benzol  upon  metabolism 
has  not  been  given  much  attention.  It 
was  -with  the  idea  of  studying  the  meta- 
bolic effects  more  thoroughly  that  the 
present   investigation   was   undertaken. 

Chemicax,  Composition  of  Benzol. 

Before  taking  up  the  experimental 
work  a  few  words  as  to  the  chemical  na- 
ture of  benzol  will  not  be  out  of  place. 
Three  substances  are  to  be  considered — 
benzene,  benzol,  and  benzine.  Benzene 
is  a  definite  chemical  substance  with  the 


formula  CeHs 


/\ 


\/ 

The  term  benzol  is  used  in  two  senses, 
first  as  a  sjoionym  for  benzene,  and,  sec- 
ond, to  designate  a  variable  mixture  de- 
rived from  the  distillation  of  coal  tar. 
The  fractional  distillation  of  coal  tar 
yields  primarily  four  products. 

1.  Crude  naphtha  distilling  below 
180°  C. 

2.  Dead  oils  or  creosote  oils  distill- 
ing from  180^^  to  270=C. 

3.  Green  or  anthracene  oil  distilling 
above  270° C. 

4.  Pitch,  the  residue. 

It  is  from  the  first  fraction  that  com- 
mercial benzol  is  obtained  by  redistilla- 
tion and  purification.  The  benzols  of 
the  market  vary  widely  in  composition 
according  to  the  source  from  which  they 
are  derived  and  the  extent  of  purifica- 
tion. In  general,  they  consist  chiefly  of 
benzene  and  its  homologues  (toluene, 
CeH.CHs,  and  xylene,  CoH,(CH3).)  and 
small  percentages  of  other  substances. 
Benzine,  with  which  these  two  substan-'c 
ces  have  been  confused,  is  a  derivative, 
not  of  coal  tar,  but  of  petroleum,  con- 
sisting chiefly  of  hexane,  CeHii,  and  hep- 
tane, CjIIie.  Usually  it  contains  no  ben- 
zene, CeHo. 

Practically  all  that  is  known  of  the 
pharmacology  of  benzol  is  that  it  is  part- 
ly oxidized  in  the  body  to  phenol  (15 
to  30  per  cent.)  catechol  and  quinol,  and 
excreted  as  phenol  sulphates.  A  part 
is  changed  to  muconic  acid,  and  a  con- 
siderable portion  is  excreted  unchanged 
by  the  lungs. 

EXPEEIMENTAL 

Methods. — The  experiment  was  divid- 
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ed  into  three  main  parts,  in  which  the 
following  were  investigated: 

A.  The  intiuence  of  starvation  upon 
urinary  composition. 

B.  The  intiuence  of  benzol  upon  uri- 
nary composition. 

C.  The  intiuence  of  benzol  upon 
blood  elements. 

(Parts  B  and  C  were  concerned  with 
benzol  administered  subcutaneously.) 

Healthy  male  rabbits  which  had  pre- 
viously been  well  fed  on  a  mixed  diet 
were  used  m  this  investigation.  Urinary 
excretion  was  divided  into  twenty-four 
hour  periods  for  five  days  by  emptying 
the  bladder  by  pressure  upon  the  ab- 
dominal wall.  Tliree  rabbits  were  used 
in  the  investigation  of  the  inMuence  of 
starvation  upon  urinary  composition 
and  eight  rabbits,  which  had  previously 
been  starved  for  twenty-four  hours, 
were  used  in  the  investigation  of  the  in- 
fluence of  benzol  upon  urinary  composi- 
tion and  upon  blood  elements.  AVater 
was  given,  ad  libitum.  The  benzol  was 
administered  subcutaneously  in  the 
groin,  mixed  with  equal  parts  of  cotton- 
seed oil,  aseptic  precautions  being  taken. 
The  dosage  was  2  c.c.  of  benzol  per  kilo- 
gram of  body-weight.  At  twenty-four 
hour  intervals  blood  was  drawn  from  an 
ear  vein  and  counts  made  of  the  number 
of  red  and  white  blood  corpuscles.  All 
blood  counts  were  made  with  a  Leitz 
Hemocytometer,  with  Neubauer  ruling, 
certified  by  the  American  Bureau  of 
Standards. 

The  following  urinary  constituents 
were  determined : 

1.  Total  nitrogen. 

2.  Creatinine  (preformed). 

3.  Creatine. 

4.  Phosphates. 

In  addition,  the  following  were  also 
noted : 
a.    Weight. 


b.  Fluid  intake. 

c.  Urine  output. 

d.  Specific  gravity. 

e.  Reaction  to  litmus. 

f.  Presence  of  albumin. 

g.  Reduction  of  Benedict's  solution, 
h.     Titratable  acidity. 

All  tlie  determinations  were  made  ac- 
cording to  the  methods  as  set  forth  in 
Underhill's  "Manual  of  Selected  Bio- 
chemical Methods." 

1.  Total  nitrogen — Kjeldahl  method. 

2.  Preformed  creatinine  —  Folin's 
colorimetric  method. 

3.  Creatine — Folin-Benedict  method. 

4.  Phosphates — Titration  with  ura- 
nium acetate. 

The  Influence  of  Starvation  upon 
Urinary  Composition 

Typical  analytical  data  are  summa- 
rized in  Table  1.'  It  can  be  seen  from 
these  data  that  under  ordinary  starving 
conditions,  only  water  being  given,  the 
following  changes  in  urinary  composi- 
tion are  effected : 

1.  There  is  a  gradual  but  progres- 
sive increase  in  the  amount  of  total 
nitrogen  excreted. 

2.  Creatine,  which  is  present  in  but 
very  small  quantities  at  the  beginning 
of  starvation,  rapidly  increases  in 
amount  as  starvation  progresses. 

3.  The  elimination  of  creatinine  re- 
mains fairly  constant,  decreasing  sUght- 
1}'  as  inanition  progresses. 

4.  There  is  at  first  an  increased  elim- 
ination of  phosphates  followed  after  the 
second  day  by  a  progressive  decrease. 

The  Influence  of  Benzol  uijon  Urinary 
Composition 

The  following  results  were  obtained: 

'  lUnstrntive  data  only  arc  given  both  liei-e  and 
later.  Atlilitionul  experiaieuta  cunlirm  these  llsures 
tliiougUout. 
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1.  There  was  a  gradual  decrease  in 
weight. 

2.  The  water  intake  varied,  being 
usually  high  in  the  first  day  of  starva- 
tion and  then  gradually  diminishing. 

TABLE  1.— THE  INFLUENCE  OF  STAR- 
VATION UPON  URINARY 
COMPOSITION 
Rabbit  II :  Weight  2.0  kilos. 


Fluid 

tlriue 

Day 

Intake 
Output 

d 

1 

Q 

a 

1 

c.c.       c.c. 


mg.     mg.    mg.    mg. 


1 

400 

500 

275 

89 

15 

270 

2 

600 

575 

315 

86 

18 

690 

3 

530 

515 

340 

83 

26 

727 

4 

520 

430 

237 

64 

27 

82C 

5 

280 

210 

262 

63 

40 

795 

6 

290 

155 

225 

41 

45 

855 

others  it  was  present  in  varying  degree. 

7.  In  no  case  was  there  a  positive  re- 
duction of  Benedict's  solution. 

8.  The  titratable  acidity  showed  but 
little  variation,  being  quite  acid  in  aU 
cases. 

9.  The  elimination  of  phosphates 
varied.  In  rabbit  C  there  was  a  pro- 
gressive increase  until  death.  In  all  the 
other  cases  there  was  a  steady  decrease 
either  with  or  without  a  primary  in- 
crease. 

10.  Creatine  elimination  increased 
very  markedly  within  forty-eight  hours 
after  the  injection  of  the  benzol,  being 
followed  by  a  sharp  fall  and  then  a  bcr 
ginning  increase  again.  In  rabbit  C 
there  was  a  marked  progressive  elimi- 
nation of  creatinine,  reaching  27G  mg. 
before  death  on  the  fourth  day  of  the  ex- 
periment. 


TABLE  2.— THE  INFLUENCE  OF  BENZOL  UPON   URINARY  COMPOSITION  AND 
BLOOD    ELEMENTS 
Rabbit  C:  Adult  male;  weight  1.9  kilos. 


Fluid 

Urine 

Blood 

9 

O    j^ 

o 

■o 

0. 

a 
Q 

0) 

3 

1 

S  S 

a 
o 

03 

"a 
3 

J2 

1 

■3 

£  ■3 
1% 

q 

a 

a 
9> 

■2  a 

k-l 

o 

m 

^ 

Cj 

^ 

CU 

■■J 

U 

U 

M 

^ 

C.C. 

c.c. 

C.C. 

mg.  mg.     mg.     gm. 

1     170, 

136 

1.01'J 

acid 

trace   0      34.4 

333     47     119     1.884 

5,232,000     3,900 

2^    150 

195 

1.02C 

acid 

trace    0     29.6 

382     88     187     3.000 

5,000,000    4,600 

3     160 

220 

1.U19 

acid 

trace     0     32.5 

429     66     220     2.745 

6,400,000     4,700 

4     145 

145 

1.020 

acid 

trace     0       2.5 

630     48     276     2.520 

6,000,000     2,400 

'3.8   c.c.   benzol   in   cottonseed   oil   injected   subcutaneously. 


3.  The  output  varied  considerably 
with  different  rabbits,  following  no  fixed 
rule. 

4.  The  specific  gravity  varied  in- 
versely with  the  amount  of  Avater  intake. 

5.  In  all  instances  the  urine  was  acid 
to  litmus. 

6.  The  presence  of  albumin  varied; 
in  some  rabbits  it  was  absent,  and  in 


11.  Preformed  creatinine  showed  but 
little  change  except  as  noted  in  the  fore- 
going. 

12.  Total  nitrogen  elimination  fol- 
lowed fairly  closely  the  elimination  of 
creatine  but  did  not  increase  to  so  great 
an  extent. 

The  analytical  data  are .  summarized 
in  Tables  2  to  5. 
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The  Action  of  Benzol  upon  Blood 
Elements 

In  all  cases  the  end  results  were  the 
same,  that  is,  all  rabbits  showed  a  leuko- 


lowed  by  a  rapidly  progressive  leuko- 
penia. 

Genebal  Discussion 

That  benzol  has  a  deleterious  effect  on 


TABLE  3.— THE  INFLUENCE  OP  BENZOL  UPON  URINARY  COjMPOSITION  AND 
BLOOD   ELEMENTS 
Rabbit  D :  Adult  male ;  weight  2.5  kilos. 


Fluid 

Urine 

Blood 

a 
Q 

4) 

3 

5 

Specific 
Gravity 

S 

c 

5 

q 

a) 
a 

1 
0 

0 

1 
0 

c 

C.C. 

1     275 

c.c. 
220 

1.010 

acid 

0 

0 

c.c. 
43.2 

mg.  nig.    mg.    gm. 
450     40      85     0.985 

4,960,000       6,800 

2     200 

200 

1.011 

acid 

0 

0 

44.0 

520     33     108     1.140 

5,520,000       6,300 

3^    200 

200 

1.015 

acid 

0 

0 

49.6 

480     79     116     1.440 

5,630,000     12,500 

4     140 

116 

1.017 

acid 

0 

0 

40.0 

340     84     137     1.660 

5,340,000       6,500 

5     125 

125 

1.020 

acid 

0 

0 

42.4 

334     82     112     1.404 

4,896,000      4,600 

C     115 

100 

1.026 

acid 

0 

0 

36.8 

320     21     108     0.879 

4,768,000       3,100 

'5.0  c.c.  benzol  in  cottonseed  oil  injected  subcutaneously  after  two  days' starvation. 


TABLE  4.— THE  INFLUENCE  OF  BENZOL  UPON   URINARY  COMPOSITION  AND 
BLOOD    ELEMENTS 
Rabbit  E :  Adult  male ;  weierht  2.16  kilos. 


Fluid 

Urine 

Blood 

a 
0 

a 

c. 

S 

.5 

3 

6 

£ 

z 

0 
0  iJ 

s§ 

_  c 
•30 

&S5 

0 

m 

— 

< 

CJ 

'C, 

dt 

5 

Q 

F-i 

cs 

c.c. 

c.c. 

1 

300 

150 

1.015 

acid 

0 

0 

300 

260 

1.012 

acid 

0 

3' 

270 

230 

1.014 

acid 

0 

4 

260 

200 

1.018 

acid 

0 

0 

225 

225 

1.015 

acid 

0 

6 

140 

110 

1.018 

acid 

0 

c.c.  mg.  mg.  mg.  gm. 

0  36.8  260  20  103  1.072  5,800,000  6,000 

0  47.1  234  47  105  1.994  5,560,000  8,400 

0  46.8  279  107  103  1.836  5,620,000  5,500 

0  40.0  342  157  108  1.296  5,642,000  5,800 

0  45.8  342  19  107  1.188  5,480,000  4,900 

0  28.8  234  36  104  0.884  5,540,000  4,000 


H.3  c.c.  benzol  in  cottonseed  oil  injected  subcutaneously  after  two  days'  starvation. 


penia  of  varying  degree.  The  red  blood 
cell  count  showed  but  little  variation. 
In  all  but  one  rabbit  (that  is,  in  seven) 
there  was  at  first  an  increase  in  the  num- 
ber of  white  blood  corpuscles  which  was 
very  transitory,  however,  and  was  fol- 


metabolism  is  readily  apparent  from  the 
sharp  rise  in  the  elimination  of  both 
creatine  and  total  nitrogen  following  its 
injection  subcutaneously  into  the  ani- 
mals used  in  this  investigation,  as  con- 
trasted with  the  slow  gradual  rise  seen 
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under  conditions  of  ordinary  inanition. 
The  interpretation  of  this  rise,  especial- 
ly of  creatine,  leads  one  immediately 
into  a  controversy  which  at  present  is 
far  from  being  settled.  Almost  innum- 
erable investigations  ^vith  respect  to  cre- 
atine have  been  undertaken,  mostly  in 
the  last  two  decades,  and  the  interpre- 
tations of  results  obtained  vary. 


1911,  in  a  series  of  experiments  on  rab- 
bits, conclude  that:  "An  increase  in  the 
output  of  creatine  is  always  accompa- 
nied by  an  increase  in  total  nitrogen 
elimination.  This  parallelism  is  ascribed 
to  a  common  source,  namely,  true  tissue 
or  endogenous  metabolism;"  and  that 
"an  increased  formation  of  creatine  oc- 
curs when  the  tissue  catabolic  processes 


TABLE  5.— THE  INFLUENCE  OF  BENZOL  UPON   URINARY  COMPOSITION  AND 
BLOOD   ELEMENTS 


Rabbit  F :  Adult  male 

;  weight 

2.2  kilos. 

Fluid 

Urine 

Blood 

1 

D 
ii 

C 

55" 

S 

a 

3 

a 

2 -S 
a  "3 

-1 

d 

a 
1 

a 

cs 

6 

1 

5 

s§ 

_  o 

o 

•-  "S  -s 

ex. 

c.c. 

c.c. 

mg. 

mq. 

1 

260 

180 

1.010 

aeid 

0 

0 

10.4 

160 

8 

2 

300 

200 

1.01.5 

acid 

0 

0 

18.4 

220 

26 

3' 

120 

100 

1.010 

acid 

0 

0 

10.4 

146 

61 

4 

140 

100 

1.018 

acid 

0 

0 

2.4 

180 

174 

5 

90 

46 

1.026 

acid 

0 

0 

10.4 

140 

30 

6 

100 

46 

1.022 

acid 

0 

0 

10.8 

120 

26 

71  0.860  6.000,000  7,900 

67  1.204  .5,946,000  5,300 

69  1.296  5,647,000  4,300 

81  0.784  5,842,000  3,100 

85  0.760  5,872,000  2,400 


'4.4  c.c.  benzol  in  cottonseed  oil  injected  subeutaneously  after  two  days'  starvation. 


Briefly  reviewing  some  of  the  more 
recent  and  important  work  of  creatine 
the  following  theories  and  explanations 
are  offered.  Underbill  and  co-workers 
(21)  in  1916  carried  out  a  series  of  ex- 
periments in  rabbits  and,  as  a  result, 
concluded  that  "there  is  a  definite  in- 
terrelationship between  acidosis  and 
creatine  elimination.  Creatine  in  the 
urine  may  prove  to  be  an  index  of  a  con- 
dition of  acidosis  in  the  organism." 
Later  they  state  that  "creatinuria  may 
occur  in  states  of  acidosis  when  carbo- 
hydrate deficiency  is  not  involved  and 
creatine  may  also  be  present  in  carbo- 
hydrate deficiency  even  in  the  absence 
of  acidosis."    Mendel  and  Eose  (22)  in 


are  accelerated."  In  all  events,  practi- 
cally all  other  investigators  are  agreed 
that  creatine  is  an  index  of  endogenous 
metabolism. 

Conclusions 

Benzol  acts  not  only  on  the  blood  ele- 
ments but  exerts  a  catabolic  influence 
on  body  tissues  as  a  Avhole,  as  manifest- 
ed by  a  sharp  rise  in  creatine  and  total 
nitrogen,  within  a  very  short  period 
after  its  subcutaneous  injections  into 
rabbits,  far  in  excess  of  that  found  in 
rabbits  under  similar  conditions  under 
ordinarv  starvation. 
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AT  the  present  time,  picric  acid  is  one 
of  the  most  common  therapeutic 
agents  for  the  local  treatment  of  small 
superficial  burns.  Despite  its  almost 
universal  usage,  it  has  enjoyed  the  rep- 
utation of  being  comparatively  non- 
toxic. Its  chemical  structure  and  the 
nature  of  its  pharmacological  action  ob- 
viously offer  possibilities  of  its  detri- 
mental behavior  under  certain  condi- 
tions, as  illustrated  by  the  two  cases  re- 
ported herein. 

Pkopeeties  and  Thebapy 

Picric  acid  is  a  yellow,  bitter,  odor- 
less, crystalline  solid.  It  is  very  easily 
formed  from  phenol,  being  the  most  im- 
portant nitrophenol  derivative.  Ofii- 
cially  it  is  known  as  trinitrophenol;  the 
chemical  synonyms  are  uitrophenic  and 
carbazotic  acid.  As  the  structural  for- 
mula indicates  it  is  a  tetra-substitution 
product  of  benzene  (1). 

♦Received  for  publicatiou  Jan.   ]2,   1923. 


Trinitrophenol 
OH 


OgN— ^  '3— NO, 


HC         ^ 


NO, 


One  gram  of  trinitrophenol  dissolves 
in  78  mils  of  water,  12  mils  of  alcohol, 
35  mils  of  chloroform,  and  65  mils  of 
ether  (2).  Hence  the  commonly  em- 
ployed saturated  aqueous  solution  is  of 
1.2  per  cent,  strength,  while  with  alcohol 
as  the  solvent,  its  concentration  is  in- 
creased about  61/2  times.  The  saturated 
aqueous  solution  (empirically  known  as 
trinophenon)  is  acid  to  litmus,  the  acid- 
ity of  the  phenols  being  increased  by 
the  introduction  of  the  nitro  groups. 
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The  use  of  picric  acid  iuternally  iu 
the  treatment  of  trichinosis  and  malaria 
is  devoid  of  any  merit.  Braconnet  iu 
1830  was  responsible  for  its  introduc- 
tion for  the  treatment  of  intermittent 
fever.  Although  possessing  vermicidal 
capabilities  against  tapeworm  and 
roundworm,  yet  its  toxic  properties, 
when  given  per  a*',  contraindicate  its 
use  for  this  purpose  (3).  The  average 
dose  is  0.03  gm.  (I/2  grain).  The  prac- 
tical value  of  picric  acid  therapy  in 
medicine  lies  wholly  within  its  sphere  as 
a  local  agent. 

Although  used  to  the  greatest  extent 
for  burns  and  scalds  of  the  first  and 
second  degrees,  it  has  been  advised  for 
a  number  of  skin  affections.  Wilcox  (4) 
recormnends  it  very  highly  in  the  treat- 
ment of  various  skin  diseases,  especially 
acute  eczema,  intertrigo  and  herpes  la- 
bialis.  By  some  it  is  used  as  a  dressing 
for  superficial  wounds,  likewise  for  ul- 
cers with  free  discharge,  because  of  its 
astringent  and  antiseptic  action.  In 
local  hyperidrosis  of  the  feet  it  is  a 
standard  remedy  in  the  form  of  a  2  per 
cent,  dusting  powder. 

Cheron  in  1876  first  suggested  the  sur- 
gical application  of  picric  acid,  his  con- 
tentions being  corroborated  by  Curie 
and  Vigier  in  1877.  For  surgical  pur- 
poses the  saturated  aqueous  solution  is 
preferable.  In  diseases  of  the  skin, 
gauze  moistened  with  the  solution  may 
be  applied,  or  the  solution  may  be  paint- 
ed directly  over  the  lesion.  A  hydro- 
alcoholic  menstrum  should  be  employed 
only  in  certain  selected  cases  where  the 
epidermis  is  unbroken.  In  superficial 
burns  of  the  hands  or  feet  the  extremity 
may  be  completely  immersed  in  the  solu- 
tion for  two  to  three  minutes,  and  then 
the  gauze  dressing  placed  in  apposition 
with  the  affected  area.  This  latter 
measure  is  employed  by  quite  a  number 
of  industrial  concerns,  some  of  which 


place  buckets  of  trinophenou  throughout 
the  works,  so  that  the  employees'  first 
emergency  measure,  iu  case  of  a  super- 
ficial burn  of  the  extremities,  is  to  resort 
to  the  picric  acid  tank.  If  blisters  occur, 
they  should  be  i^unctured,  the  serum 
expressed,  and  then  the  picric  acid  solu- 
tion applied;  the  superficial  epidermis 
should  not,  however,  be  removed.  Hare 
(5)  recommends  the  utilization  of  com- 
paratively small  sections  of  the  moist- 
ened lint  or  gauze,  since  it  is  more  easily 
removed  in  this  form  than  in  one  large 
piece.  In  moderate  burns  the  dressing 
is  allowed  to  remain  in  place  until  heal- 
ing is  complete.  In  burns  of  the  second 
degree  the  original  dressing  may  be  re- 
moved after  three  or  four  days,  and  the 
wound  mil  often  be  found  to  be  healed 
into  a  clean,  soft  scab.  If  the  gauze  ad- 
heres to  the  scab  it  should  be  moistened 
with  the  picric  acid  solution.  "When  un- 
healed portions  still  remain,  the  gauze 
dressing,  moistened  with  trinophenon, 
should  be  renewed.  As  a  matter  of  fact, 
most  of  these  cases  are  ambulatory  pa- 
tients, who  continue  working;  because 
of  the  nature  of  their  work,  the  dressing- 
becomes  grossly  soiled,  and  as  a  rule  it 
is  advisable  to  renew  it  every  twenty- 
four  hours,  rather  than  to  leave  it  in 
place  until  healing  is  complete. 

Ehrenfried  (6)  very  concisely  and 
accurately  describes  the  local  action  of 
the  picric  acid  as  follows : 

Over  any  clean  denuded  surface  it  forms  a 
protective,  aseptic  scab,  by  coagulation  of 
the  secreted  serum,  which  seals  up  ruptured 
lymph-spaces,  protects  exposed  nerve-end- 
ings, and  splints  the  wound  in  such  a  fashion 
Ihat  epithelial  proliferation  may  proceed 
rapidly  beneath,  simulating  Nature's  method. 
This  artificial  scab  protects  against  infection 
from  e.xternal  sources  and  promotes  rapid 
and  painless  epidermatization. 

At  first  the  solution  may  cause  some 
pain,  which  is  slight  and  of  the  smart- 
ing character.     More  often,  however,  it 
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is  absolutely  painless,  but  in  all  cases  it 
speedily  becomes  anesthetic  by  virtue  of 
its  protective  properties  explained  in 
the  foregoing.  The  burned  area  rapidly 
becomes  coated  with  the  thin,  very  light 
yellow  pellicle  of  coagulated  protein. 

The  phenol  coefficient  of  jjicric  acid  is 
6  (Tidy  (7)  ),  so  that  0.165  per  cent, 
picric  acid  is  equivalent  in  antiseptic 
strength  to  1  per  cent,  phenol.  Chem- 
ically this  could  be  foretold,  since  it  is 
a  recognized  fact  that  the  introduction 
of  the  nitro  group  into  the  phenols  in- 
creases their  antiseptic  action  (8).  Ac- 
cording to  Ehrenfried,  a  saturated 
aqueous  solution  destroys  the  Bacillus 
pyocyaneus  in  less  than  one  minute,  and 
Staphylococcus  pyogenes  aureus  in  two 
minutes,  while  in  the  experiments  of 
Schamberg  and  Kolmer  (9)  it  showed 
itself  four  times  as  active  as  phenol. 
Hence  the  utilization  of  picric  acid  as 
an  antiseptic  in  burns  is  rational  ther- 
apy. 

The   Toxicity   of    Trinitrophenol 

Rapp  and  Fohr  (1827)  first  investi- 
gated its  toxic  action  on  dogs.  More 
recently  Koizumi  (10)  has  described  its 
poisonous  action  on  dogs  and  rabbits.  In 
Ehrenfried 's  review  of  the  literature, 
he  notes  that  there  never  has  been  re- 
ported a  fatal  case  of  picric  acid  poison- 
ing. 

Taken  internally  it  is  absorbed  prob- 
ably as  the  sodium  salt.  The  picric  acid 
is  reduced  in  part  to  picramic  acid 
(CeH3(N02).NH30H)  by  the  liver  and 
other  portions  of  the  body.  This  is  sim- 
ply another  of  the  many  detoxicating 
properties  of  the  liver.  It  is  eliminated 
chiefly  through  the  urine  to  which  it  im- 
parts an  intense  yellow  color,  although 
later  the  urine  may  be  colored  a  peculiar 
red  (Walko,  1901)  or  reddish  bro^vn. 
After  a  single  dose  of  1  gm.,  the  excre- 


tion of  picric  acid  may  continue  for  a 
week  (11). 

Trinitrophenol  and  its  salts  have  a 
tendency  to  decompose  the  elements  of 
the  blood  and  to  produce  methemoglobin. 
With  toxic  doses  it  causes  in  the  lower 
animals  a  destruction  of  the  red  blood 
corijuscles,  but  this  phenomenon  is  rare 
in  man;  Adler  in  1880  reported  one  in- 
stance of  toxic  anemia.  A  leukocytosis 
may  or  may  not  be  concomitant. 

The  affinity  of  picric  acid  for  albumin 
is  accentuated  in  an  acid  medium,  con- 
sequently it  readily  unites  with  acid  tis- 
sues. This  phenomenon  explains  the  se- 
lective localization  of  necrotic  foci  in 
trinitrophenol  poisoning.  The  reduction 
of  picric  acid  to  picramic  acid  is  a  de- 
toxicating one,  inasmuch  as  picramic 
acid  does  not  so  readily  form  the  pro- 
tein salt  (12).  After  large  doses  the 
skin  and  mucous  membranes,  including 
the  conjunctiva,  are  stained  more  or  less 
yellow — the  so-called  "picric"  jaun- 
dice; this  icteric  tint  is  actually  due  to 
the  staining  of  the  epitheUum  by  the 
acid.  Cheron  reports  an  instance  where 
the  application  of  0.45  gm.  (6.9  grains) 
to  the  vagina  produced  yellowness  of  the 
slvin  in  an  hour;  the  patient  also  suf- 
fered from  symptoms  referable  to  the 
nervous  and  digestive  systems  (13). 

The  physiological  dose  is  V2  grairi, 
while  doses  from  15  to  30  grains  are  de- 
cidedly toxic  (Lewin,  Adler).  The  symp- 
toms of  poisoning  are  referred  to  either 
the  gastro-intestinal,  nervous,  circula- 
tory, or  urinary  system,  or  more  com- 
monly to  several  of  these  locations.  De- 
pending on  the  degree  of  the  toxicity  the 
gastro-intestinal  symptoms  vary  from 
a  mild  anorexia,  dyspepsia  and  flatu- 
lence to  a  severe  diarrhea  accompanied 
by  gastrodynia,  abdominal  cramps  and 
emesis,  the  vomited  matter  being  stained 
yellow.  The  irritant  action  of  picric 
acid  on  the  mucous  membranes  is  re- 
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bpousible  for  the  gastritis  found.  The 
nervous  manifestations  vary  from  a 
slight  headache  and  vertigo  to  stupor, 
with  convulsions,  followed  by  collapse 
in  the  extremely  severe  cases.  Picric 
acid  is  a  respiratory  and  cardiac  de- 
pressant, but  symptoms  referable  to 
these  systems  are  rare.  Adler  notes, 
however,  a  primary  tachycardia  with  a 
subsequent  slowing  of  the  pulse  rate. 
Occasional  symptoms  are  strangury  and 
anuria.  Asthenia  and  fever  may  accom- 
pany the  foregoing  constitutional  mani- 
festations of  internal  picric  acid  poison- 
ing. 

As  stated  previously,  the  yellow  pig- 
mentation may  ensue  upon  internal  ad- 
ministration, but  superimposed  upon 
this  may  be  an  erythema  or  even  a  gen- 
eralized eruption  of  eczematous  charac- 
ter and  itching  in  nature.  Solhnann 
calls  attention  to  the  fact  that  the  derma- 
titis may  simulate  a  measle  rash  (14). 

In  chemical  and  dye  works  picric  acid 
may  be  classified  under  the  industrial 
poisons,  since  inhalation  of  the  dust 
causes  an  irritability  of  the  respiratory 
tract,  coryza,  sneezing  and  inflammation 
of  the  buccal  mucous  membrane 
(Spruit).  Among  workers  engaged  in 
the  manufacture  of  high  explosives,  pic- 
ric acid  may  be  the  etiological  factor  in 
many  cases  of  occupational  dermatoses. 
The  appearance,  symptomatology  and 
course  of  this  dermatitis  sometimes  bear 
a  marked  resemblance  to  ivy  poisoning, 
both  of  these  affections  being  classified 
dermatologically  as  venenatous.  This 
ensuing  dei'matitis  is  often  quite  severe 
and  is  extremely  resistant  to  treatment, 
being  accompanied  at  times  l)y  some  of 
the  constitutional  symptoms  already 
enumerated.  At  this  point  it  should  be 
remembered  that  after  local  application 
of  trinophenon  over  extensive  burned 
areas  sufficient  quantities  may  be  ab- 
sorbed to  produce  constitutional  effects. 


A  Repokt  of  Two  Toxic  Cases 

Ehrenfried  treated  SOU  cases  of  small 
superficial  burns  without  any  symptoms 
of  absorption.  In  over  100  cases  of  in- 
dustrial burns  similarly  treated  by  the 
writer,  there  were  no  toxic  develop- 
ments, except  in  the  two  cases  cited  here. 
In  all  but  these  two  instances  the  sat- 
urated aqueous  solution  of  picric  acid 
was  the  medicament  employed.  These 
patients  were  the  first  to  be  treated  with 
a  newly  replenished  supply  of  picric 
acid  solution.  The  saturated  aqueous 
solution  was  the  strength  ordered  but, 
as  subsequent  investigations  disclosed, 
the  drug  supplied  by  the  pharmaceutical 
concern  was  a  saturated  solution  of  pic- 
ric acid  in  a  10  per  cent,  alcoholic  men- 
strum.  As  stated  previously,  the  sol- 
vent power  of  alcohol  for  picric  acid  is 
Gi/-)  times  as  strong  as  that  of  water, 
hence  this  solution  (10  per  cent,  alcohol) 
contains  proportionately  over  1^  times 
as  much  solute  as  the  trinophenon  (sat- 
urated aqueous  solution).  A  further  de- 
leterious effect  of  this  preparation  is 
that  the  alcohol  facilitates  the  absorp- 
tion of  the  picric  acid. 

Case  1. — A.  J.  G.,  a  plumber,  aged  34,  had 
a  contact  buru  of  the  second  degree  over  the 
volar  surface  of  the  left  forearm.  The  size 
of  the  burned  area  was  2  by  3  inches.  After 
the  part  had  been  cleansed  of  dirt,  strips  of 
sterilized  gauze  soaked  in  the  hydro-alcohoUc 
picric  acid  solution  were  applied.  Over  the 
gauze  was  placed  a  light  covering  of  dry  ab- 
sorbent cotton,  held  in  place  by  means  of  a 
light  bandage.  Two  days  later  the  patient 
returned  for  redressing,  the  original  dressing 
being  soiled  externally.  At  this  time  the 
i)urn.  although  not  healed,  was  clean,  free 
from  infection  and  apparently  progressing 
nicely.  A  second  picric  acid  dressing  was 
applied.  Three  days  later  the  patient  experi- 
enced the  first  subjective  symptoms  of  burn- 

in<r  and  moderate  ilching  under  the  bandage. 

Examination  i-cvealed  an  acute  inflammation 
of  an  erythematous  nature,  limited  to  the  out- 
line of  the  yellow-stained  area  of  contact  of 
picric  acid.     On  the  succeeding  or  sixth  day 


THERAPEUTIC  USE  AND  TOXICITY  OF  PICRIC  ACID  505 

after  the  first  application,  numerous  vesicles  gency  hospitals  maiutained  by  industrial 

appeared  which  in  some  areas  were  agglom-  concerns.    During  the  acute  "weeping" 

crated,   and  in  some  cases   coalesced    There  ^^^.     ^ggig^^iar     stage,     the     medicament 

was  considerable  local  edema  about  the  red-       ,       ,,  ,        ^  ,-,  .  e      „i i^+; 

dened  area.    This  acute  sta^e  lasted  for  four  should  be  of  the  nature  of  a  clear  lotion. 

days,  the  only  constitutional  symptoms  being  The  author  employed  compresses  satu- 

a  headache  and  an  annoying  insomnia.     The  j^ated  with  aqueous  boric  acid,  advised 

it^ching  during  this  period  was  almost  unbear-  j           ^^.^    -^  ^^^  treatment  of  ivy 

able.     By  the  tenth   day  of  the   dermatitis  "•' .        .       ^      '                                                •' 

calorica  the  acute  lesions' had  involuted  to  an  poisoning.     With  the  subsidence  ot  the 

erythemato-squamous  type,   accompanied   by  moist  character  of  the  lesions,  powder 

considerable    thickening    and    possibly    infil-  fixtures  and  ointments  are  applicable, 

tration  of  the  skin.    This  stage  was  not  unlike  ,    ■   ,   ^    ,  t  ,1          i   ^t  •^a-a^\   ,„„„  ,, -.^.q 

mi.-         j-i-                    „!,  4.  Aristol  (di-thvmol  di-iodide)  was  used 

an  eczema.    This  condition  was  somewhat  re-  j^j-^^^^^   v^-^  "^j                            / 

sistant  to  therapy  but  in  two  weeks  more  the  because   thymol   has   the   reputation   of 

area  was  clean,  with  only  a  few  crusts  and  causing  a  dry  scaly  skin  to  become  more 

scales  remaining.  moist ;  but  this  therapy  was  replaced  by 

Case  2.— F.  H.  B..  a  boilei'maker.  aged  27.  the  boric  acid  ointment,  which  proved 

came  in  contact  with  a  hot  fire  door,  and  more  successful.     It  is  needless  to  say 

received  a  second  d(-iTe  burii  over  the  antero-  j         ^,       ^     •           ^^^^   necessarily   free 

lateral  aspect  of  the  right  thigh.     The  burn  .    ^     ..         ,    ,.         .i           •  ^  i 

covered  an  irregular  area  of  approximately  fi'om  infection,  betore  the  aristol  pow- 

10  square  inches,  surrounded  by  occasional  der  and  boric  acid   ointment  were   ap- 

spots  of  vesication.     The  blisters  were  punc-  plied, 
tured  and  the  same  treatment  employed  as 

in  Case  1,  with  renewal  of  the  dressing  on  the  Discussion 
second    day    following   the    accident.      Four 

days  later  the  stained  area  presented  the  It  is  quite  evident  that  these  cases  of 
samejveeping  erythemato-vesieiilar  picture  as  jgo^ing  did  not  occur  because  of  the 
m  the  previous  instance.  This  stage  was  '■  °  ...  •  i  ■  .i  -ia 
very  transitory.  The  actual  region  of  the  shght  excess  of  picric  acid  m  the  10  per 
burn  appeared  raw  and  irritated.  At  no  time  cent,  alcoholic  solution,  but  rather  be- 
throughout  the  course  of  the  dermatitis  was  ^.^use  of  the  increased  absorption  rate 
the  patient  subject  to  any  symptoms  other  „  ,  ,.  n.  •  -e  „  t-\,ir, 
than  those  relative  to  the  burn  itself.  The  ^^  ^^ch  a  preparation.  It  is  for  this 
lichenification  in  this  patient  was  more  pro-  reason  that  the  employment  of  alcohol 
nounced  than  that  in  the  patient  in  Case  1.  in  any  amount  is  discouraged  as  a  sol- 
Complete  recovery  occurred  four  weeks  after  ^.^^^  ^^^  -^^^  ^^j^  solution  to  be  used 
the  date  of  the  accident.  ,       „           .                        r.           i       /•        j.i 

locally.      A   common   formula    tor    the 

Therapy— The ^    treatment     followed  preparation  of  such  a  solution  has  been: 
was    identical    with    that    employed    in 

cases    of   acute    eczema.     The   affected  Acidi  picrici   3  ii 

areas   were   given   a  preliminary  bath  Alcoholis  f,  iiss 

with  sapo  mollis  and  water.     Removal  Aquae  destillatae  0  ii 

of  the  excess  picric  acid  was  attempted  An  interesting  fact  was  the  lack  of  con- 
by  washing  with  saline  solution  followed  stitutional  symptoms  of  any  great  de- 
by  hydrogen  peroxide.  This  was  not  so  gree.  This  is  comparable  to  the  derma- 
effective  as  successive  spongings  with  titis  accompanying  trinitrotoluene  poi- 
alcohol  as  the  solvent,  followed  by  saline,  soning,  the  presence  and  severity  of 
Some  authors  have  recommended  lith-  which  bears  no  relation  to  the  constitu- 
ium  carbonate  solution  (1  dram  to  1  tional  symptoms,  although  trinitrotolu- 
quart  of  water)  for  removing  picric  acid  ene  and  dinitrobenzene  (another  similar 
stain  from  the  skin,  but  this  preparation  agent)  are  absorbed  mainly  through  the 
is  practically  never  found  in  the  emer-  skin.     The   dermatitis    occurring  from 


506 


THE   JOURNAL    OF    INDUSTRIAL    HYGIENE 


the  application  of  picric  acid  in  solution 
is  mucli  more  acute  than  the  derma- 
toconiotic  type  following  contact  with 
picric  acid  dust  by  workers.  This  latter 
is  similar  to  trinitrotoluene  dermatitis, 
Trinitrotoluene 


sure  to  the  irritant,  presented  dysidrotic 
vesicles  and  a  yellow  staining  of  the 
skin. 

It  is  quite  conceivable  that  here  we 
have    an    example    of    the    relation    of 
Hexaii  if  rodiphenylaniine 


?«3 


O2N-C 


/\ 


NO' 


C  — NO2 


HC. 


I 


CH 


NO2 

a  comuion  affection  during  the  recent 
war  (16). 

Sequeira  (17)  reported  many  cases  of 
dermatitis  due  to  hexanitrodiphenyla- 
mine,  a  component  of  the  explosive  ma- 
terial found  in  bombs.  This  dermatitis, 
appearing  about  nine  days  after  expo- 


'2  "^2 

chemical   structure   to   pharmacological 

action.  The  similarity  of  the  skin  le- 
sions is  in  accordance  with  the  chemical 
groupings.  It  is  noted  that  there  is  a 
loreponderance  of  the  nitro  groups  in  all 
three  chemicals — trinitropheuol,  trini- 
trotoluene, and  hexanitrodiphenyl- 
amine;  hence  we  may  readily  presup- 
pose that  this  is  the  toxophoric  radical. 
Trinitrotoluene  is  almost  identical  with 
trinitropheuol,  except  that  there  is  a 
methyl  radical  in  place  of  the  hydroxyl 
group,  thereby  increasing  the  toxicity. 
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THE  EFFECT  OF  ANILINE  BLACK  DYEING  ON  FACTORY 
WORKERS* 

Raymond    Williamson,    B.Sc,    M.B.,    Ch.B. 

From   the  Pathological  Laboratorj/  of  the  University   of  Manchester,   Manchester,   England 


THE  Factory  Department  of  the 
Home  Office,  London,  in  the  sum- 
mer of  1921,  decided  to  review  the  ques- 
tion of  the  effect  of  aniline  black  dyeing 
on  the  workers,  and  it  was  found  neces- 
sary to  have  blood  examinations  made. 
I  was  invited  to  carry  out  this  part 
of  the  investigation,  and  the  following 
paper  deals  with  the  results  of  the  blood 
examinations  and  the  conditions  found 
at  the  different  works. 

Pkocesses 

Aniline  black  dyeing  is  not  a  direct 
process  like  the  dyeing  of  other  aniline 
colors.  Although  there  are  several  di- 
rect aniline  black  dyes  on  the  market, 
the  only  method  of  producing  a  satis- 
factory aniline  black  is  by  an  indirect 
method,  the  dye  being  actually  manu- 
factured on  the  cloth  during  the  process. 
This  end  is  attained  by  the  oxidation  of 
an  aniline  salt  by  sodium  chlorate  or 
sodium  bichromate  in  the  presence  of 
some  metal  compound  which  acts  as  an 
oxygen  carrier,  such  as  copper  sulphate 
or  a  ferric  salt. 

During  the  present  investigation  three 
different  processes  of  aniline  black  dye- 
ing were  investigated:  (1)  the  one  bath 
process  (hot  and  cold) ;  (2)  the  steam 
process;  and  (3)  the  oxidation  process. 

The  One  Bath  Process  (Hot  and 
Cold). — This  method  is  used  chiefly  for 
yarn  dyeing.  The  goods  to  be  dyed  are 
allowed  to  stand  for  about  half  an  hour 
in  a  cold  bath  containing  a  solution  of 

'Received  for  publio.Ttion  Ot-t.  15.  19.''2. 


aniline  hydrochloride  and  sodium  bi- 
chromate; the  bath  is  then  brought  to 
the  boiling  point  and  is  kept  at  this  tem- 
perature for  half  an  hour.  The  material 
is  then  washed,  soaped,  sized,  and  dried. 
The  Oxidation  Process. — This  process 
is  sometimes  termed  the  copper  sulphate 
method.  The  chemicals  required  are: 
an  aniline  salt,  an  oxidizing  reagent 
(such  as  sodium  chlorate),  an  organic 
acid  (such  as  acetic  or  tartaric  acid), 
and  copper  sulphate.  The  part  of  the 
process  concerned  in  the  production  of 
aniline  black  may  be  subdivided  into 
(a)  mixing,  (6)  jareparing,  (c)  aging, 
and  (d)  chroming,  washing  and  drying. 
Mixing  is  the  preparation  of  the 
"liquors"  through  Avhich  the  material 
to  be  dyed  is  run  in  the  impregnating 
machine.  Two  liquors  are  prepared :  the 
aniline  liquor  which  may  be  made  from 
aniline  hydrochloride,  but  which  is  more 
commonly  prepared  on  the  premises  by 
a  combination  of  aniline  oil  and  hydro- 
chloric acid;  and  the  bluestone  liquor 
which  contains  copper  sulphate  and  the 
other  ingredients. 

Preparing  includes  impregnating  or 
padding  and  drying.  The  liquors  are 
mixed  and  carried  by  hand  or  by  pipes 
to  an  impregnating  machine.  This  ma- 
cliine  consists  of  a  trough  for  the  solu- 
tion, and  rollers  that  mangle  the  mate- 
rial, which  then  passes  over  drying  cyl- 
inders to  the  "ager." 

The  ager  is  a  closed  chamber  which 
can  be  heated  to  110°  to  120°  F.,  or 
more.  The  material  passes  through  it, 
over  a  series  of  rollers,  and  oxidation 
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begins  when  the  cloth  is  dry.  The  room 
may  be  fitted  with  doors  and  windows 
and  corridors  so  that  the  material  run- 
ning through  may  be  observed.  Experi- 
ence shows  that  the  formation  of  aniline 
black  takes  place  best  in  a  damp  atmos- 
phere, and  a  little  water  vapor  is  there- 
fore admitted.  The  chemical  reactions 
which  take  place  are  very  complex  and 
not  fully  understood,  but  some  vapor  of 
aniline  is  evolved  and  it  is  almost  im- 
possible to  prevent  some  of  the  vapor 
from  escaping  into  the  surrounding 
room  at  the  places  where  the  cloth  en- 
ters and  leaves.  The  ager  need  be  en- 
tered only  in  the  case  of  a  breakdown  or 
for  the  purpose  of  cleaning. 

Chroming,  or  fixing,  and  drying  com- 
plete the  process. 

The  Steam  Process. — This  process  is 
also  known  as  the  prussiate,  ferro- 
cj'anide  or  Prud'homme  method.  It  is 
employed  in  printing  as  well  as  in  dye- 
ing loose  cloth  because,  though  slower 
than  the  oxidation  process,  it  is  more 
under  control,  and  the  black  is  said  to 
be  more  durable.  As  far  as  this  inves- 
tigation is  concerned,  the  essential  parts 
of  the  process  are  mixing,  preparing, 
and  steam  aging. 

The  mixing  is  similar  to  that  in  the 
oxidation  process,  except  that  the  in- 
gredients of  the  second  liquor  are  differ- 
ent. Preparing  is  also  carried  on  as  in 
the  oxidation  process.  Aging  is  done  in 
a  steam  ager,  in  contradistinction  to  the 
ager,  or  dry  ager,  of  the  oxidation 
process. 

The  steam  ager  is  a  chamber  enclos- 
ing a  series  of  rollers  over  which  the 
material  runs.  It  can  be  tightly  closed, 
after  which  steam  is  admitted,  arrange- 
ments being  made  inside  so  that  con- 
densation does  not  occur  on  the  mate- 
rial. The  ager  has  to  be  cleaned  period- 
ical] v  and  has  1o  be  entered  in  the  event 


of  a  breakdown ;  in  either  case  the  steam 
is  first  turned  off.  The  chemical  reac- 
tions which  take  place  are  again  com- 
plex; steam  and  aniline  fumes  may 
escape  at  the  mouthpiece,  at  leaky  joints, 
and  at  the  ends  of  the  rollers. 

Chroming,  washing,  and  drying  com- 
plete the  process  as  in  the  other  meth- 
ods. 

Symptoms  of  Poisoning 

The  cases  of  aniline  poisoning  met 
with  were  all  mild  ones,  the  chief  sigTis 
being  pallor,  blueness  of  the  lips,  ears 
and  nails,  with  occasionally  a  blue  line 
along  the  edge  of  the  gums,  tremor  and 
dyspnea.  The  patients  complained  of 
lassitude,  loss  of  appetite,  nausea,  dizzi- 
ness, headaches,  shortness  of  breath,  and 
a  feeling  of  weakness  in  the  lower  limbs. 
The  appetite  was  generally  very  fickle, 
and  it  seemed  to  be  a  recognized  prac- 
tice for  the  men  to  take  their  meals 
when  they  felt  inclined.  Another  com- 
mon symptom  which  the  men  described 
was  that  on  leaving  the  works  "the  air 
seemed  too  strong  for  them"  and 
"caught  them  in  the  legs." 

No  acute  cases  of  aniline  poisoning 
were  met  with,  although  several  such 
cases  were  described  as  having  occurred 
in  the  past,  usually  as  a  result  of  some 
aniline  oil  having  been  spilled  over  a 
workman,  as  in  a  case  described  by 
Prosser  White  and  Sellers  (1). 

Changes  in  the  Blood 

An  examination  of  blood  counts  taken 
at  the  various  works  showed  that 
they  fell  into  two  distinct  groups.  In 
Group  1  all  the  red  cell  counts  were  over 
5,000,000  corpuscles  per  cubic  milli- 
meter; while  in  Group  2  most  of  the 
rod  cell  counts  were  below  5,000,000 
corpuscles    per    cnl)ic    millimeter.       A 
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bird  group  included  the  blood  findings 
11  three  cases  of  aniline  poisoning  in 
men  who  were  engaged  in  the  manufac- 
ture of  aniline  oil;  an  opportunity  for 
examining  them  occurred  on  an  occa- 
sion when  their  symptoms  justified  the 
appointed  surgeon  to  the  works  recom- 
mending that  they  should  be  taken  off 
the  particular  work  on  which  they  were 
engaged.     They  are  included  here  for 
iomparison  with  the  cases  met  with  in 
he  aniline  black  dyeing  works. 
In  Group  1  there  was  no  count  which 
•i<vas  not  within  normal  limits,  and  the 
0  -nly  sign  noticed  in  any  of  the  men  was 
i3    slight  pallor,  except  in  Cases  2  and  3 
'•  ,yhere  the  lips  and  ears  were  of  a  bluish 
tint.     The  average  blood  count  of  the 
ses  in  Group  1  serves  as  a  convenient 
andard  for  comparison  with  the  cases 
Group  2  and  Group  3  (see  Table  1). 
The  most  striking  difference  between 
e  first  and  second  groups  is  the  differ- 
:ce  in  the  percentage  of  hemoglobin. 
I      :   Group  1  there  are  only  two  cases 
I       lere  the  percentage  of  hemoglobin  is 
low  90,  while  in  Group  2  there  are  only 
.'o  cases  where  the  percentage  of  hemo- 
1'  '^obin  is  over  90.     The  lowest  percent- 
age of  hemoglobin  met  with  was  71,  but 
ni      six  cases  in  Group  2,  and  in  all  the 
ises  in  Group  3,  a  brown  pigTnent  was 
lund  in  the  blood  which  made  it  impos- 
ble    to    estimate    the    percentage    of 
unogiobin  correctly.     In  four  out  of 
d.i   tose  nine  cases  the  pigment  Avas  suffi- 
•o.xently  marked   to   be   obvious   to    the 
naked  eye  when  the  patient's  ear  was 
'eked,  and  it  was  well  demonstrated 
jjlacing  a  drop  of  the  patient's  blood 
wliite  blotting  paper  beside  a  drop 
normal  blood.    In  the  other  cases  the 
gment  was  not  so  obvious  until  coal 
IS  was  passed  into  the  diluted  blood 
i        order  to  prepare  it  for  comparison 
ith   the   Haldane   standard   tube;   this 


made  the  brown  pigment  more  obvious. 
Where  the  brown  pigment  was  observed, 
the  blood  was  examined  spectroscop- 
ically  but  methemoglobin  bands  were 
not  detected.  The  brown  pigment  ob- 
served in  these  cases  is  generally  stated 
to  be  due  to  methemoglobin,  anfl  fail- 
ure to  detect  it  is  ascribed  to  the 
fact  that  it  is  present  in  a  lower  propor- 
tion than  1  in  10  of  oxyhemoglobin. 
Maiden  (2)  failed  to  detect  it  in  his 
cases,  and  it  was  not  seen  in  the  blood 
of  the  case  described  by  Prosser  White 
and  Sellers  (1).  Curschmann  (3)  states 
that  he  has  repeatedly  been  able  to  ob- 
serve methemoglobin  bands  in  cases  of 
aniline  poisoning  when  the  hemoglobin 
content  had  fallen  below  70  per  cent., 
though  even  then  only  as  a  faint  shadow. 

It  is  doubtful  whether  or  not  the 
brown  pigment  seen  in  these  cases  is 
methemoglobin.  In  experiments  on  ani- 
line poisoning  in  rabbits,  Price-Jones 
and  Boycott  (4)  obsei'ved  two  abnormal 
pigments  in  the  blood:  "(a)  a  brown 
pigment  without  any  spectroscopical 
characters;  (b)  a  pigment,  probably 
brown,  which  shows  a  band  in  the  red, 
but  which  is  not  methemoglobin."  The 
nature  of  the  brown  pigment  found  in 
the  blood  of  cases  of  aniline  poisoning 
needs  further  investigation. 

There  are  twenty-three  cases  in  Group 

2  and  in  fourteen  of  them  the  red  cell 
count  is  below  5,000,000  corpuscles  per 
cubic  millimeter,  the  lowest  being  4,164,- 
000.  In  Group  3  two  out  of  the  three 
cases  have  a  red  cell  count  of  less  than 
5,000,000  per  cubic  millimeter.  Exami- 
nation of  the  stained  films  showed  a 
wider  variation  in  size  in  Groups  2  and 

3  than  in  Group  1,  but  the  alteration  in 
size  was  not  very  great.  In  Table  1  no 
note  on  variation  in  size  has  been  made 
because  it  was  hoped  that  it  would  be 
possible  to  measure  the  corpuscles,  but 
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circumstances  prevented  more  than  a 
few  measurements  being  made.  Two 
hnndred  red  blood  corpuscles  in  cases 
17,  18,  19,  20,  and  21  from  Group  2  were 
measured,  and  the  average  size  was 
found  to  be  7.2^,  6.9|j,  6.8h,  7.3m  and 
6.5m,  with  a  variation  in  size  from  4.5m 
to  9m.  Normal  red  cells  average  7.4m  in 
diameter,  and  vary  in  size  from  6m  to 
8.75m.  No  variation  in  shape  was  no- 
ticed in  any  of  the  groups. 

Maiden  (2)  states  that  "6  out  of  13 
[cases  of  aniline  poisoning]  showed 
basophil  granulations  in  the  red  cor- 
puscles. The  number  of  cells  affected 
varied  from  2  or  3  in  the  whole  film 
in  the  slight  cases  to  10  or  13  in 
every  field  of  the  microscope  in  the  more 
pronounced  ones.  This  reaction  is  of 
great  significance,  as  it  appears  to  be  in 
aniline  poisoning,  as  it  is  in  lead  poison- 
ing, the  earliest  noticeable  sign  in  the 
blood."  In  the  present  investigation 
only  three  cases,  numbers  31,  32,  and  33 
in  Group  2,  showed  any  punctate  baso- 
philia, and  in  these  cases  only  two  punc- 
tate basophilic  cells  were  seen  in  each 
film.  Polychromatophilia  was  rather 
more  common,  but  it  was  never  very 
marked,  only  three  or  four  such  cells 
being  seen  in  a  film. 

With  regard  to  the  leukocyte  and  the 
differential  counts,  no  definite  conclu- 
sion can  be  drawn.  The  counts  in  Group 
3  seem  to  suggest  that  in  the  more  se- 
vere cases  there  is  a  slight  leukopenia 
and  a  slight  relative  increase  in  the 
lATnphocytes. 

A  study  of  the  cases  in  Groups  1  and 
2  shows  that  in  the  anemia  found  in  ani- 
line black  dyers  there  is: 

1.  A  decrease  in  the  hemoglobin  con- 
tent ; 

2.  In  some  cases  an  alteration  in  the 
blnod  pigment; 


3.  A  decrease  in  the  number  of  red 
cells  per  cubic  millimeter; 

4.  A  lower  color  index; 

5.  In  some  cases  slight  alteration  in 
the  staining  properties  of  the  red  cells ; 

6.  Little  alteration  in  the  leukocyte 
count ; 

7.  Little  alteration  in  the  differential 
count. 

The  chief  changes  in  the  blood  condi- 
tion are  the  diminution  in  the  amount  of 
hemoglobin  and  the  formation  of  some 
other  hemoglobin  compound,  probably 
of  a  more  stable  nature  than  oxyhemo- 
globin— changes  which  cause  some  de- 
gree of  oxygen  deficiency.  The  symp- 
toms met  with  are  those  of  oxygen  de- 
ficiency. Following  the  change  in  the 
hemoglobin  content  there  is  a  fall  in  the 
number  of  red  blood  corpuscles  per 
cubic  millimeter,  which,  though  never 
very  marked,  is  quite  definite. 

CoxDiTioxs   Found   at   the   Diffeeext 

"WOKKS 

One  Bath  Process:  Group  1 
Works  1. — The  average  number  of 
hours  Avorked  per  week  for  August  and 
September  was  thirty.  Mixing  was 
done  in  a  barrel  in  the  same  department 
in  which  dyeing  was  carried  on.  Water 
Avas  added  first,  then  hydrochloric  acid, 
and  then  aniline  oil. 

Dyeing  was  done  in  a  Ivlauder  Weldon 
dyeing  machine.  After  the  machine  was 
filled  Avith  the  solution,  the  yarn  Avas  put 
in;  it  Avas  first  worked  in  the -cold,  then 
steam  Avas  applied  and  a  curtain  draAATi 
doAvn  at  the  sides.  There  Avas  no  locally 
applied  exhaust  ventilation. 

Tlic  manager  of  this  Avorks  remem- 
bered one  case  of  aniline  poiscming 
Avhich  occurred  in  a  man  Avho  had  wiped 
up  some  aniline  oil  Avhich  had  been 
spilled,  and  in  this  Avay  got  his  skin  and 
his  clothes  saturated. 
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Case  1. — This  man,  a  mixer  of  aniline  and 
chrome,  aged  44  years,  had  been  an  aniline 
black  dyer  for  twenty-six  years.  Except  for 
slight  pallor,  no  signs  nor  symptoms  of  poi- 
soning -were  observed.  He  said  that  he  had 
never  been  affec,ted  by  aniline,  and  that  he 
wore  rubber  gloves  when  mixing. 

Case  2. — This  patient,  a  dyer,  aged  56 
years,  had  been  engaged  in  this  work  for 
twenty-one  years.  He  displayed  slight  pal- 
lor, and  his  lips  and  ears  were  slightly  blue. 
He  said  that  he  had  never  been  affected  by 
aniline,  but  that  he  had  seen  men  faint  in 
summer  and  have  to  be  carried  outside. 

Case  3. — This  man,  a  dj-er,  aged  22,  had 
been  engaged  in  this  Avork  for  six  years.  He 
was  slightly  pale,  but  he  presented  no  other 
signs  nor  .symptoms.  He  said  that  he  felt 
faint  and  dizzy  in  hot  weather. 

Works  2. — The  average  number  of 
hours  worked  per  week  for  two  months 
pre^dons  to  inspection  was  thirty-sis; 
but  during  the  fortnight  previous  to  our 
examination  the  number  had  been  fifty- 
three  per  week. 

]\Iixing  was  done  in  a  corner  of  one 
department,  not  in  the  main  depart- 
ment. There  was  no  local  exhaust  ven- 
tilation. Aniline  oil  was  put  in  first, 
then  hydrochloric  acid  and  Avater.  The 
two  liquors  were  conveyed  to  a  tank 
near  the  dyeing  machine,  and  thence  by 
a  pipe  to  the  machine.  There  were  two 
dyeing  machines  in  a  separate  depart- 
ment from  that  in  which  mixing  was 
done,  and  without  locally  applied  venti- 
lation. 


Case  4. — This  man  was  a  general  mixer, 
aged  39  years,  who  had  worked  as  an  aniline 
black  dyer  for  eighteen  years.  (The  actual 
mixing  took  about  one  hour  a  day.)  He  dis- 
played slight  pallor,  and  slight  tremor  (he 
was  a  heaAy  smoker).  He  said  that  he  had 
had  no  symptoms  of  aniline  poisoning.  When 
he  was  mixing,  he  always  wore  gloves. 

Case  5. — This  man,  aged  32  years,  had 
worked  as  a  dyer  for  eight  years.  The  only 
symptom  was  slight  jjallor;  he  complained 
of  no  ill  effects. 

Case  6. — This  man,  aged  43  j^ears,  had 
worked  as  a  dyer  for  eight  years.  He  dis- 
played no  signs  nor  symptoms  of  poisoning. 


Works  3. — The  number  of  hours 
worked  per  week  averaged  tliirty-six  for 
the  year. 

Mixing  was  done  in  tubs  placed  in  a 
corner  of  the  dyeing  department.  Water 
Avas  put  in  first,  then  aniline  oil,  and 
thezi  hydrochloric  acid.  The  actual  mix- 
ing took  only  about  one  hour  a  day. 

Dyeing  Avas  done  in  the  same  depart- 
ment Avith  mixing.  The  solutions  Avere 
carried  in  buckets  to  the  dyeing  macliine 
and  Avere  all  mixed  in  it.  There  Avere 
tAvo  dyeing  machines  Avhich  Avere  en- 
closed, and  each  had  a  chimney  to  the 
outer  air.  The  steam  Avas  mostly  di- 
A'erted  into  the  chimneys  and  little  came 
out  at  the  sides  of  the  machines.  The 
men  did  not  stand  near  the  machines 
Avhen  they  Avere  in  action. 

Case  7. — This  man,  a  mixer  of  aniline  and 
chrome,  aged  37  years,  had  worked  at  this 
occupation  for  fifteen  years.  His  color  Avas 
good.  He  said  that  he  occasionally  felt  dizzy 
and  drows}-,  but  that  he  had  noticed  no  loss 
of  appetite  nor  gastric  disturbance. 

Case  8. — This  man  was  a  washer  and  car- 
rier of  solutions.  He  Avas  51  years  of  age, 
and  had  worked  at  this  occupation  for  twen- 
ty-six years.  He  showed  no  signs  nor  symp- 
toms of  poi.soning. 

Steam  Process:  Group  1 

Works  4. — The  aA-erage  number  of 
hours  Avorked  per  Aveek  Avas  sixteen. 

Mixing  Avas  done  in  a  receptacle  in 
the  open  air.  Water  Avas  put  in  first, 
then  hydrochloric  acid,  and  then  aniline 
oil. 

Impregnating  and  drying  Avere  done 
in  a  loAver  department  Avhere  the  final 
mixing  of  the  aniline  solution  with  the 
other  ingredients  Avas  made.  The  dry- 
ing cylinders  Avere  under  a  hood  and 
fan,  and  the  cloth  passed  directly  from 
them  to  the  ager. 

Aging  Avas  done  in  an  upper  room, 
Avhicli  Avas  connected  Avith  the  preparing 
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room  by  a  stairway.  The  steam  ager 
-was  ventilated  by  a  cliimney  opening 
into  the  outer  air.  It  was  entered  about 
once  a  month,  when  there  happened  to 
be  a  breakdown,  and  on  Saturday  for 
cleaning,  in  preparation  for  which  it 
was  opened  on  Friday  and  allowed  to 
cool. 

Case  9. — This  man  was  a  mixer  and  super- 
visor, cleaner  of  ager  and  chromer.  He  was 
44  years  of  age,  and  had  worked  for  five 
years  in  his  present  position.  The  symp- 
toms observed  Avere  pyorrhea  alveolaris,  blue 
discoloration  of  the  gnms,  slight  pallor,  lips 
and  ears  blue,  and  fingers  cold.  He  said  that 
he  had  occasional  headaches,  and  felt  drowsy 
in  hot  weather. 

Case  10. — This  man  was  a  mixer,  impreg- 
nator  and  chromer,  aged  71  years,  who  had 
been  engaged  at  his  present  work  sixteen  and 
a  half  yeai-s.  His  teeth  were  defective,  and 
there  was  a  blue  discoloration  of  the  gums, 
but  no  obvious  pallor. 

Case  11. — This  man,  an  impregnator,  aged 
61  years,  had  been  employed  at  his  present 
work  for  six  years.  He  had  no  teeth ;  his 
face  was  gray,  and  there  were  prominent 
veins  on  his  nose.  He  complained  of  occa- 
sional headaches  and  dizziness. 

Works  .5. — In  this  plant  the  average 
number  of  hours  worked  per  week  was 
seven. 

Mixing  was  done  in  the  open  air,  the 
aniline  oil  being  put  in  first.  The  im- 
pregnating and  drying  machines  were 
in  one  department.  The  dyeing  solu- 
tions were  ladled  out  of  a  tub  into  the 
trough  of  the  impregnating  machine. 
This  machine  was  under  a  hopper  vnth. 
a  chimney  for  exhaust.  The  drying 
chamber  containing  the  drying  cylinders 
was  also  ventilated  by  a  hopper  and 
chimney.  The  ager  was  in  a  separate 
department. 

Tlie  manager  called  our  attention  to 
the  danger  of  "firing,"  which  some- 
times occurs  after  printing  and  before 
aging,  Avhen  the  cloth  has  become  too 
drv  on  tlic  drving  cvlindcrs.    The  clotli 


then  burns,  giving  off  anihne  fumes. 
One  man,  who  had  left  the  company's 
employ  before  this  investigation,  came 
in  contact  with  these  fumes,  vomited,  be- 
came dy.spneic,  and  had  to  stagger  out 
into  the  open  air  where  he  recovered  in 
about  twenty  minutes.  He  was  not  cya- 
nosed. 

Case  12. — This  man,  aged  32  years,  had 
worked  two  years  as  a  mixer.  He  gave  no 
signs  nor  symptoms  of  poisoning. 

Case  13. — This  man,  aged  26  years,  had 
worked  three  years  as  an  ager  since  the  war, 
and  five  years  as  an  impregnator  previous 
to  the  war.  He  displayed  no  signs  nor  symp- 
toms of  poisoning.  He  said  that  he  cleaned 
out  the  ager  weekly  but  was  never  affected 
by  it. 

Case  14. — This  man,  aged  27  years,  had 
been  in  charge  of  the  drying  chamber  for 
two  years.  He  displayed  no  signs  nor  symp- 
toms of  poisoning. 

Case  15. — This  man  wa.s  a  "tenter  in," 
aged  16  years,  who  had  Avoi'ked  at  this  occu- 
pation for  one  year.  There  were  no  signs 
nor  symptoms  of  poisoning. 

Case  16. — This  man,  a  "plaiter  out,"  aged 
16  years,  presented  no  signs  nor  symptoms 
of  i^oisoning. 

St  emu  Process:  Group  2 

Works  6. — The  average  number  of 
hours  worked  per  week  was  thirty. 

Mixing,  preparing,  and  aging  were 
all  done  in  one  department.  Mixing 
was  done  in  a  barrel  between  the  im- 
pregnating machine  and  the  hot-air 
chamber,  and  the  hot  rollers  were  above 
it.  There  was  a  cross  current  of  air 
from  windows  on  each  side  and  exhaust 
ventilation  above.  All  the  steam  ap- 
peared to  rise. 

The  cloth  passed  over  hot  rollers  to 
the  hot-air  chamber  which  was  ex- 
hausted by  a  fan.  It  was  then  trans- 
ferred to  the  ager  which  was  ventilated 
by  a  chimney  in  the  roof  opening  into 
the  outside  air. 

Cask  17. — This  man  was  a  mixer  and  im- 
])regnator,   aged   40  years.     He   liad   worked 
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as  a  mixer  for  sixteen  years.  There  was  obvi- 
ous pallor,  and  his  lips  and  ears  were  slightly 
blue.  He  complained  of  headache  due  to 
fumes,  especially  when  dealing  with  heavy 
cloth,  and  said  that  he  sometimes  got  dizzy 
and  drowsy  in  the  summer.  He  said  that 
"aniline  catches  a  man  behind  the  legs  and 
makes  him  feel  weak,"  but  that  "an  hour 
in  the  fresh  air  cures." 

Case  18. — ^This  man,  an  ager  and  impreg- 
nator,  aged  26  years,  had  been  employed  at 
his  present  work  for  three  years.  He  said 
that  he  was  always  pale  and  that  his  finger 
tips  were  always  cold.  He  displayed  no  sign 
of  poisoning  on  the  day  that  the  examination 
was  made. 

Botli  of  these  men  were  working  in 
the  same  room  but  while  the  former 
showed  signs  of  anihne  poisoning,  the 
latter  displayed  no  definite  signs.  This 
was  in  accordance  with  the  conditions 
found.  The  former  worked  for  most  of 
the  day  between  an  impregnating  ma- 
cliine  on  one  hand,  mixing  barrels  on  the 
other,  and  drying  cylinders  above ;  while 
the  latter  spent  most  of  his  time  at  the 
ager  at  the  other  end  of  the  room,  and 
was  not  so  much  exposed  to  aniline 
fumes  from  the  cloth. 

Works  7. — The  average  number  of 
hours  worked  per  week  was  fifty. 

Mixing  was  done  in  a  separate  room 
and  aniline  oil  was  added  first.  We 
were  told  that  about  eight  years  before, 
Avhen  there  was  no  exhaust  ventilation, 
the  mixer  w'as  liable  to  sutfer  from  ani- 
line poisoning,  dizziness,  and  gastric 
disturbances.  Since  that  time  a  hood 
mth  a  pipe  connected  to  an  exhaust  fan 
had  been  installed,  but  the  action  of  the 
fan  Avas  weak  on  the  occasion  of  our 
visit. 

The  impregnating  machine  was 
worked  by  two  men  and  the  mixer.  The 
machine  was  under  a  hood  and  chimney 
connected  with  a  fan.  There  was  no 
need  for  the  men  to  touch  the  cloth  with 
their  fingers  but  they  put  their  hands 
in  the  trough  containing  the  dye.     The 


cloth  laassed  from  the  impregnator 
through  a  hot  drying  room,  and  was 
then  carried  to  the  ager,  which  was  in 
a  separate  department  and  was  under 
exhaust  ventilation  with  a  fan. 

Case  19. — This  man,  a  mixer  and  impreg- 
nator, aged  54  years,  had  worked  in  aniline 
for  twenty-eight  years.  He  was  pale,  his 
lips  and  ears  were  slightly  blue,  and  his 
appetite  was  not  very  good.  He  said  that 
he  had  had  headaches  and  dizziness,  and  in 
hot  weather  had  a  tired,  aching  feeling.  At 
his  work  he  wore  a  leather  apron  for  pro- 
tection. He  took  his  meals  in  the  mixing 
room. 

Case  20. — This  man  was  an  impregnator 
and  drier,  aged  49  j-ears,  who  had  been  em- 
ployed at  his  present  work  for  eighteen  years. 
Except  for  slight  pallor,  he  displajed  no 
signs  nor  symptoms  of  poisoning. 

Case  21. — This  man,  aged  49  years,  had 
been  an  ager  for  twenty-four  years.  He 
showed  slight  pallor  and  slight  tremor  (alco- 
liolie  history),  but  gave  no  other  signs  nor 
symptoms  of  poisoning.  He  said  that  he 
was  affected  only  when  the  fan  stopped,  as 
occasionally  happened :  then  he  became  dizzy 
and  "^^•ent  off  his  food." 

In  this  plant,  the  worker  last  men- 
tioned Avas  the  least  affected;  he  was  an 
ager,  working  in  a  separate  room  and 
not  in  such  an  atmosphere  of  aniline 
fumes  as  that  in  which  the  other  two 
men  worked. 

Works  8. — The  average  number  of 
hours  worked  per  week  was  forty-eight. 

Mixing  was  done  in  the  open  air,  but 
under  cover.  Aniline  oil  was  added  first 
in  the  mixing.  The  two  men  who  did 
the  mixing  wore  aprons  and  leggings  of 
sacking. 

Impregnating,  drying,  aging,  and 
chroming  were  all  done  in  one  depart- 
ment. The  two  dyeing  solutions  were 
mixed  by  the  impregnator,  and  the  im- 
pregnating was  done  in  cold  liquors. 
The  drying  cylinders  were  under  a  hood 
with  a  duct  and  fan,  and  were  surround- 
ed by  a  thick  curtain  hanging  from  the 
hood.    The  hot-air  chamber  was  entered 
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only  for  repairing  breakdowns,  and  then 
the  doors  and  windows  were  opened  for 
some  time  beforehand.  The  ager  had  a 
hood  and  chimney,  and  was  exhansted 
by  a  fan. 

Case  22. — This  man,  aged  49  years,  had 
been  a  mixer  for  two  years.  He  displayed 
.slight  pallor  and  bhieness  of  the  lips,  and 
complained   of   occasional   dizziness. 

Case  23. — This  man.  aged  59  years,  had 
worked  seven  years  as  a  mixer.  He  com- 
plained of  occasional  loss  of  appetite:  other- 
wise he  gave  no  signs  nor  symptoms  of  poi- 
soning. 

Case  24. — This  man  was  an  impregnator 
and  drier,  aged  33  years.  He  had  been 
engaged  in  his  present  work  for  fourteen 
years.  The  symptoms  observed  were  pallor 
and  blueness  of  the  gums.  He  complained 
of  occasional  headaches,  and  felt  drowsy  at 
the  time  of  examination.  He  said  that  he 
ate  nothing  in  the  morning  until  10  o  'clock : 
then  he  had  a  meal  by  the  cylinders. 

Case  25. — This  man  was  an  impregnator 
and  drier,  aged  36  years.  He  had  been  em- 
ploj'ed  at  his  present  work  for  sixteen  years. 
He  was  i^ale,  but  gave  no  other  signs  nor 
symptoms  of  poisoning. 

Case  26. — This  man  was  an  ager,  38  years 
of  age,  who  had  been  employed  at  his  present 
work  for  three  years.  He  displayed  slight 
pallor,  and  complained  of  occasional  dizzi- 
ness, drowsiness  and  lo.ss  of  appetite,  with 
a  feeling  of  heaviness  in  the  stomach.  He 
said  that  he  had  felt  better  since  a  fan  was 
installed. 

Four  out  of  the  five  men  had  mild 
symptoms  of  aniline  poisoning,  and  the 
blood  picture  was  in  accordance  with 
the  symptoms.  It  is  curious  that  Case 
25  working  in  the  same  room  as  the 
others  and  on  the  same  machine  as  Case 
24  sliould  have  no  symptoms  and  should 
have  a  practically  normal  blood  count, 
with  regard  to  red  cells  and  hemoglobin. 

Oxidation  Process:  Group  2 

Works  9. — Tlie  average  nuinlx'i-  of 
hours  worked  per  week  was  forty-eight 
for  the  month  preceding  our  visit.  Mix- 
ing was  done  in  a  separate  department. 


Tlie  aniline  oil  was  pumped  into  the  mix- 
ing tanlv  so  that  it  need  not  be  touched 
by  the  mixer ;  the  oil  was  added  to  the 
solution  last.  The  other  ingredients 
were  kept  in  a  series  of  tanks  and  were 
conveyed  by  pipes  to  the  mixing  tanks. 
Ventilation  was  afforded  by  an  opening 
in  the  roof.  The  foreman  said  that  be- 
fore this  system  was  installed  and  put 
in  a  separate  department  the  mixers 
suffered  from  indigestion,  blueness  of 
the  lips  and  ears,  and  faintness. 

Impregiiating,  drying,  and  aging  were 
done  in  one  department.  The  manager 
had  just  had  a  hood  and  chimney  put 
over  the  impregnating  machine.  The 
combined  drying  cylinder  and  ager  was 
ventilated  by  two  chimneys  leading  to 
the  oitter  air. 

Case  27. — This  man.  a  mixer,  had  worked 
eleven  years  in  the  dye  industry.  For  sixteen 
months  he  had  worked  on  the  new  installa- 
tion. He  gave  no  signs  nor  S3'mptoms  of 
ill  effects.  He  had  seen  men  become  cyanosed 
about  the  lips,  especially  in  summer. 

Case  2S. — This  man  was  an  impregnator, 
aged  46  years,  who  had  been  engaged  in  his 
present  work  for  four  years.  He  said  that 
he  changed  color  at  times,  and  that  his  face 
was  pale  and  his  lips  blue.  He  gave  no  other 
signs  nor  symptoms  of  poisoning. 

Case  29. — This  man,  aged  40,  had  worked 
one  year  as  an  impregnator.  He  had  pre- 
\nously  been  an  ager.  He  was  pale  and  his 
lips  were  blue.  He  said  that  he  sometimes 
was  dizzy  and  drowsy,  but  had  no  gastric 
trouble.  He  said  that  in  the  past  his  legs 
had  become  tired,  and  on  leaving  M'ork  the 
fresh  air  was  too  strong  for  him,  especially 
in  the  summer.  He  was  ]ireviously  an  ager 
and  entered  the  ager  many  times  a  day.  He 
was  under  treatment  for  aniline  poisoning 
at  the  outpatient  department  of  the  local 
infirmary  for  thirteen  weeks  in  1919.  He 
said  tliat  he  had  felt  "a  different  man"  since 
the  hood  was  put  up  over  the  impregnator. 

Case  30. — This  man,  aged  38  years,  had 
Avorked  for  fifteen  years  as  an  ager.  The 
symptoms  observed  were :  pallor,  faint  blue 
line  along  the  edge  of  the  gums,  and  nails 
rather  blue.  He  said  that  he  had  never  had 
headaches,  dizziness,   or  drowsiness. 
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Case  31. — This  man  was  an  assistant  ager. 
33  years  old.  lie  had  been  employed  for  ten 
years  at  his  present  work,  but  gave  no  signs 
nor  symptoms  of  poisoning. 

An  interesting  point  arose  in  connec- 
tion with  Cases  28  and  29.  Some  time 
before  our  visit  a  plaiter  down  had  been 
installed  on  the  impregnating  machine, 
and  as  the  two  impregnators  were  work- 
ing between  the  impregnating  machine 
and  the  plaiter  down  they  got  all  the 
fumes  available.  The  manager  noticed 
that  the  men  were  being  affected  by  the 
fumes  and  had  the  plaiter  down  re- 
moved, and  a  hood  and  cliimney  in- 
stalled. Since  then  the  men  have  im- 
proved in  health. 

The  other  men  who  had  a  blood  count 
of  less  than  5,000,000  (Cases  30  and  31) 
worked  under  the  cloth  passing  from  the 
hot  rollers  to  the  ager.  Neither  of  them 
had  marked  signs  nor  symptoms  of  poi- 
soning but  the  blood  count  shows  that 
they  were  being  affected  by  the  aniline. 

Works  10. — The  average  number  of 
hours  worked  per  week  was  thirty-two, 
but  there  had  been  a  rearrangement  in 
the  staff  a  few  days  before  our  visit ; 
some  men  were  transferred  from  an- 
other works  which  had  closed  down,  so 
that  although  the  average  number  of 
hours  worked  per  week  at  this  works  for 
a  month  previously  was  thirty-two,  this 
does  not  apply  to  the  men  transferred 
from  the  other  works. 

Mixing  Avas  done  in  a  separate  depart- 
ment ventilated  by  louvers  in  the  roof. 
The  "bluestone"  and  "aniline  hydro- 
chloride" solutions  were  run  by  sepa- 
rate pipes  to  the  barrel  near  the  impreg- 
nating machine,  and  were  poured  into 
the  i^adding  trough  by  means  of  a  can. 
The  impregnating,  drying,  and  aging 
machines  were  in  a  large  airy  depart- 
ment Avith  roof  ventilation. 

Case  32. — This  man  was  a  mixer,  aged  45 


years,  who  had  been  employed  at  his  present 
work  for  eleven  years.  He  displayed  no  pal- 
lor, but  said  that  he  got  dizzy  when  cleaning 
out  the  tanks. 

Case  33. — This  man,  aged  43  years,  had 
worked  for  twenty-five  years  as  a  miser.  The 
symptoms  observed  were:  slight  pallor,  lips 
blue,  and  blue  discoloration  at  the  edge  of 
the  glims.  He  said  that  he  got  dizzy  in  close, 
hot,  or  foggy  weather. 

Case  34. — This  man,  aged  56  years,  had 
been  a  mixer  for  twelve  years;  he  had  been 
at  this  works  for  only  one  week.  No  pallor 
was  observed.  He  had  dermatitis  on  the 
dorsiun  of  the  hands,  but  he  said  that  he  had 
never  ■n'orked  in  chrome. 

Case  35, — This  man  was  an  impregnator, 
aged  47  years,  who  had  worked  six  years 
as  a  padder.  He  had  been  at  this  plant  only 
one  day.  Except  for  a  slight  tremor,  he 
displayed  no  signs  nor  sj-mptoms  of  poison- 
ing. 

Case  3G. — This  man  had  been  an  impreg- 
nator for  ten  years,  but  had  been  at  this 
plant  for  only  two  weeks, 

Case  37. — This  man,  aged  48  yeai's,  worked 
at  the  drying  cylinders.  He  had  been  an  ager 
for  ten  years  previously,  but  had  been  at 
this  plant  only  a  few  days.  No  signs  nor 
symptoms  of  poisoning  were  noted.  The 
man's  color  was  good. 

Case  38,-^This  man,  an  ager,  33  years  old, 
had  been  in  this  plant  only  one  day.  He 
had  previously  been  employed  at  the  same 
work,  however.  Blue  discoloration  at  the 
edge  of  the  gums  was  the  only  sj-mptom 
noted. 

Case  39, — This  man  was  an  ager,  54  years 
old,  who  had  worked  twenty-three  years  at 
the  drying  cjdinders  and  ager.  He  entered 
the  ager  three  times  a  day,  and  cleaned  it 
every  week-end.  There  was  a  blue  discol- 
oration at  the  edge  of  the  gums,  his  teeth 
were  decayed,  and  he  was  sweating  profusely. 
No  other  symptoms  were  noted. 

It  is  difficult  to  draw  any  conclusion 
from  this  works  because  of  the  recent 
changes  in  the  workmen  employed.  It 
will,  however,  be  noticed  that  in  Cases 
34,  35,  36,  and  39  there  were  no  definite 
syiuptoms  of  absorption  of  aniline  luit 
tliat  there  was  a  definite  change  in  the 
blood  picture. 

Group  3 
The  men  whose  cases  are  included  in 
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Group  3  were  employed  in  an  aniline 
dye  works,  and  at  the  time  of  onr  exam- 
ination were  engaged  in  the  manufac- 
ture of  aniline  oil.  These  men  were  un- 
der daily  observation  by  the  appointed 
surgeon  to  the  works,  who  said  that  they 
were  "nearing  their  limit"  at  the  time 
when  the  blood  counts  were  taken. 

Case  40. — This  man  was  a  charge  hand, 
aged  36  years.  He  displayed  marked  pallor ; 
his  lips  and  ears  were  blue,  but  his  nails  were 
normal.  He  complained  of  frontal  headache 
and  of  shortness  of  breath.  Three  years 
previous  to  this  examination  he  was  affected 
with  nausea  and  vomiting  due  to  aniline,  and 
had  occasionally  to  be  sent  off  work  for  a 
few  diys. 

Case  41. — This  man  was  a  charge  hand, 
aged  34  years.  His  lips  and  ears  were  blue, 
and  there  was  marked  pallor,  but  his  nails 
were  normal.  He  said  that  he  had  had  head- 
aches recently,  and  felt  the  aniline  "going 
into  his  legs."  He  said  that  he  ate  when 
he  felt  hungry. 

Case  42. — This  man  was  40  years  of  age. 
His  lips  were  blue,  and  his  face  bluish  gray. 
He  had  become  dizzy  after  dinner  on  the  day 
of  our  visit  and  had  to  be  sent  to  the  ambu- 
lance room.  His  last  attack  was  two  years 
previous  to  this  examination. 

COXCLUSIOXS 

Various  opinions  are  held  as  to  which 
process  of  aniline  black  dyeing  is  most 
likely  to  give  rise  to  aniline  poisoning. 
The  number  of  works  visited  and  the 
mtmber  of  Avorkmen  examined  are  too 
small  to  alloAv  definite  statements  to  be 
made;  but  a  fe^v  points  are  rather  sug- 
gestive. 

Three  yarn  dyeing  works  were  visited 
and  fell  into  Group  1.  As  they  were 
working  more  hours  per  week  than  some 
of  the  factories  in  Group  2,  it  would  ap- 
pear that  this  process  is  less  liable  to 
cause  symptoms  of  aniline  poisoning 
than  are  the  other  two  processes. 

There  is  little  choice  between  the 
steam  process  and  tlio  oxidation  process 


as  far  as  their  effects  on  the  workers 
are  concerned. 

One  factor  concerned  in  the  produc- 
tion of  symptoms  is  clearly  brought  out 
in  Table  1 — that  is,  the  time  worked  per 
week.  Under  existing  conditions  the 
more  the  hours  worked  per  week,  the 
greater  is  the  chance  of  the  production 
of  sjauptoms  of  aniline  poisoning  and  of 
anemia. 

Two  other  factors  also  appear  to  be 
concerned — namely,  the  application  of 
local  ventilation  in  the  various  parts  of 
each  process,  and  the  separation  of  the 
variotis  jDarts  of  the  process  in  different 
rooms.  The  atmosphere  in  all  works 
where  aniline  is  used  contains  a  certain 
amount  of  aniline  vapor,  as  is  shown  by 
the  discoloration  of  the  woodwork  or 
paper.  The  amount  may  be  very  small, 
as  the  same  discoloration  is  noticed  in 
the  open  air  in  the  vicinity  of  aniline  oil 
drums  or  mixing  barrels;  but  in  the 
neighborhood  of  the  impregnating,  dry- 
ing and  aging  machines  the  air  is  more 
thickly  charged  with  aniline  vapor ; 
while  in  places  where  steam  is  used 
more  aniline  seems  to  be  carried  in  the 
water  vapor. 

The  application  of  better  local  venti- 
lation to  the  various  machines  con- 
cerned should  effect  an  improvement  in 
the  health  of  the  workers. 

There  may  be  a  fourth  factor  con- 
cerned in  the  production  of  sjnnptoms, 
and  that  is  the  individual  suscei^tibility 
of  a  worker  to  aniline.  In  most  of  the 
factories  someone  reported  having  no- 
ticed that  some  men  were  more  affected 
by  aniline  fumes  than  others.  AVe  found 
no  evidence  either  to  supjjort  or  to  dis- 
prove this  statement. 

AVe  found  slight  symptoms  and  defi- 
nite alterations  in  the  blood  picture  in 
mixers,  iinpregnators.  steam  agers  and 
dry  agers,  but  since  some  men  are  mix- 
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ers  and  impregnators,  and  others  im- 
pregnators  and  agers,  it  is  impossible  to 
say  from  our  present  data  which  part  of 
the  process  is  most  concerned  with  the 
production  of  sjonptoms. 

This  investigation  was  made  possible 
through  the  kindness  of  Professor  Dean, 
in  whose  department  the  laboratory 
work  was  carried  out  and  who  obtained 
a  grant  from  the  Manchester  University 


to  defray  expenses.  In  addition  my 
thanks  are  due  to  Dr.  Legge,  H.  M. 
Senior  Medical  Inspector  of  Factories, 
who  kindly  placed  much  information  at 
my  disposal ;  and  to  Dr.  S,  A.  Henry,  H. 
M.  Medical  Inspector  of  Factories,  with 
whom  the  investigation  was  made  and 
whose  help  and  advice  have  resulted  in 
the  publication  of  the  preceding  notes. 
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FEW  preventable  and  curable  disease 
conditions  are  more  common  than 
constipation.  Few  are  more  important. 
Among  the  effects  Avhich  may  be  more 
or  less  due  to  this  condition  may  be  men- 
tioned lowered  resistance  to  all  infec- 
tious diseases,  auto-intoxication,  many 
cases  of  so-called  rheumatic  pains,  neu- 
ralgia, headaches  and  backaches,  hemor- 
rhoids, apioendicitis,  obstruction  and  in- 
flanunation  of  the  bowels,  acne,  eczema, 
and  other  skin  diseases.  There  are,  in 
fact,  few  pathological  conditions  in  the 
causation  or  aggravation  of  which  con- 
stipation may  not  be  a  factor;  yet  little 
serious  effort  is  made  by  either  health 
authorities  or  physicians  to  prevent  or 
to  cure  this  serious  condition.  It  is  not 
to  be  wondered  that  patent  medicine 
maniifacturers  thrive  on  the  sale  of  laxa- 
tives and  cathartics.  Their  prepara- 
tions offer  the  puljlic  relief  equal  to  that 
Avhich  can  be  obtained  from  physicians, 
in  many  instances,  and  often  in  a  more 
palatable  form. 

Constipation  is  conunonly  treated  as 
if  it  were  a  disease  in  itself.  It  would 
be  far  more  logical  to  recognize  it  as 
only  a  sjonptom  in  the  vast  majority  of 
cases.  To  regard  it  thus  would  lead  to 
a  more  general  realization  of  the  fact 
that,  while  some  cases  are  the  results  of 
definite  organic  conditions,  most  cases 
are  essentially  functional,  and  in  reality 
the  malady  which  demands  correction  is 
the  far  too  common  one — namely,  faulty 
habits  of  living.  Perhaps  this  is  recog- 
nized by  physicians.     It  is  contended, 

♦Keccivcd    (nv  ijuliliiiil  inn  .Ian.   15.   1!)23. 


however,  that  the  patient  demands  a 
l^ill  and,  as  a  living  must  be  made,  the 
pill  is  supplied.  This  contention  is  a 
double  reflection  on  the  one  who  makes 
it.  It  is  the  duty  of  the  physician  to 
give  the  patient  not  what  he  wants  but 
what  he  needs.  Moreover,  most  patients 
appreciate  having  their  false  ideas  cor- 
rected. They  wish  to  be  instructed  in 
hygiene — a  fact  proved  by  the  attitnde 
of  patients  in  industry,  by  the  popular- 
ity of  the  health  columns  in  the  news- 
papers, and  by  the  very  lucrative  prac- 
tices which  a  number  of  chiropractors 
have  built  in  Cleveland  chiefly  by  teach- 
ing their  patients  hygiene  from  the  mere 
smattering  which  they  themselves  have 
gleaned. 

All  good  physicians  realize  the  im- 
portance of  adopting  hygienic  measures 
in  the  treatment  of  disease;  yet  their 
greatest  defect  is  their  inability  to  teach 

"  their  patients  as  much  as  they  intend. 
At  our  plant  dispensaries,  which  serve 
an  average  of  over  a  thousand  worldng 
people,  the  majority  of  whom  are  young 
women,  we  have  an  unusual  opportunity 
for  testing  the  efficacy  of  hygienic  treat- 
ment as  well  as  the  methods  of  teaching 
it,  and,  judging  from  results  in  over 
125  cases,  we  have  worked  out  what 
appears  to  be  a  satisfactory  treatment 
for  constipation. 

Whenever,  either  at  sick  call  or  in  tlic 
course  of  routine  examination  of  em- 
ployees, we  discover  a  patient  suffering 
from  chronic  constipation  we  carefully 
question  him  regarding  his  habits  of 
diet,  wafer   intake,   exercise,   and   regu- 

lit 
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larity  in  trying  to  have  a  bowel  move- 
ment. Usually  this  discloses  serious 
faults  of  living  which  are  probable 
causes  for  the  condition.  It  also  indi- 
cates to  the  patient  that  the  condition 
is  one  of  the  penalties  for  his  own  fail- 
ure to  obey  the  laws  of  health. 

After  the  catechism  has  been  com- 
pleted, the  results  which  may  follow 
continued  constipation  are  pointed  out 
to  the  patient.  With  women  the  great 
possibility  of  impairment  of  beauty  by 
sallowness  and  the  development  of  skin 
diseases  is  stressed,  because  most  wom- 
en are  more  easily  influenced  in  this  way 
than  in  any  other,  even  if  they  have 
little  beauty  to  lose.  Men  are  shown 
that  the  condition  ■wall  probably  decrease 
their  earning  ability  and  perhaps  cause 
them  to  lose  time  from  work,  at  inter- 
vals, by  lowering  their  resistance.  Ev- 
ery effort  is  made  to  show  them  hoAv 
this  is  likely  to  occur,  for  without  know- 
ing the  underlying  reasons  for  these 
hygienic  instructions  most  persons  are 
unlikely  to  follow  them.  Both  men  and 
women  are  reminded  that  the  continued 
use  of  drugs  will  only  aggravate  the 
condition. 

The  next  step  is  also  more  important 
than  it  may  seem.  The  patient  is  asked 
"whether  he  mil  follow  instructions  if 
the  physician  outlines  a  course  of  treat- 
ment directed  toward  the  permanent 
cure  of  the  condition.  If  the  prelimi- 
nary steps  have  been  carefully  followed, 
the  patient  will  usi:ally  agree  to  do  so; 
if  not,  further  effort  is  made  to  sell 
the  idea  to  him.  Upon  the  failure  to 
win  an  unqualified  promise  the  matter 
is  dropped,  with  the  statement  that  if 
the  patient  will  return  when  he  is  ready 
to  follow  instructions  we  will  give  them 
to  him.  This  occurs  rarely,  but  there  is 
no  other  course  open  if  instructions  are 
not  to  be  wasted.     Those  who  promise 


to  follow  instructions  are  put  upon  the 
following  diet  which,  while  simple,  ap- 
parently covers  all  the  requirements  for 
tlie  conservation  of  health : 

Diet  Li  t 

Green  foods:  Two  or  more  portions  daily 
Asparagus,  lettuce,  spinach,  brussels 
sprouts,  rhubarb,  endive,  beet  and  dandelion 
greens,  swiss  chard,  celery,  tomatoes,  cress, 
kale,  okra,  cauliflower,  cabbage,  green  onions, 
string  beans. 

Fruits:  Two  or  more  portions  daily 
Oranges,  cranberries,  berries,  peaches,  pine- 
apple,  melons,   apples,  pears,  apricots,   cher- 
ries, plums,  prunes,  grapefruit. 

Starches:  Not  over  six  portions  daily 
Potatoes,  beets,   carrots,   turnips,  bananas, 
bread  and  other  foods  made  from  flour,  mac- 
aroni or  spaghetti,  rice,  cereals. 

Proteins:  One  or  two  portions  daily 
Meats,  eggs,  cheese,  hulled  beans,  peas,  len- 
tils. 

Water:   Eight   glasses    daily 

Milk:  Four  glasses  daily 

Sweets:  Not  over  one  portion  daily 
Candy,  cakes,  cookies,  sweet  rolls,  pies  or 
other   pastry,    jams    and   jellies,    ice    cream 
sodas  or  sundaes,  etc. 

Objections  may  be  made  that  this  diet 
is  unscientific,  inasmuch  as  measure- 
ments are  inaccurate,  calories  are  not 
figured,  and  vitamines  are  not  esti- 
mated. These  things  we  admit.  The 
greater  part  of  the  population  will,  how- 
ever, not  learn  to  measure  their  food  ac- 
curately and  to  compute  calories  and 
vifamine  content  for  many  years.  Mean- 
time the  duty  of  the  physician  is  to  teach 
these  people  hj^giene,  not  in  his  lan- 
gTiage  but  in  theirs.  Our  diet  list  rep- 
resents an  effort  to  translate  some 
knowledge  of  dietetics  into  their  lan- 
guage. It  may  be  possible  that  they  can 
follow  it  and  still  have  an  inadequate 
diet,  but  it  is  very  unlikely.    Our  results 
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demonstrate  that  it  is  a  great  improve- 
ment over  what  many  people  have  been 
eating. 

In  the  beginning  of  this  experiment 
patients  were  merely  instructed  to  have 
daily  two  full  portions  of  green  vege- 
tables, two  portions  of  any  fruit  except 
bananas,  which  are  classed  with  starchy 
foods,  or  berries,  which  appear  to  be 
distinctly  constipating,  and  two  quarts 
of  water.  This  led  to  some  misunder- 
standing, and  when  we  learned  that  one 
l^atient  had  stopped  eating  meat  en- 
tirely, thinking  that  we  had  intended 
him  to  do  so,  we  had  the  complete 
dietary  printed. 

Patients  are  informed  that,  in  addi- 
tion to  following  the  diet,"  they  should 
have  at  least  one  hour  of  active  exercise 
daily;  that,  in  order  to  form  a  reg-ular 
habit  they  should  try  for  ten  minutes  or 
more  at  the  same  time  every  day  to  have 
a  bowel  movement,  even  though  they 
feel  no  inclination  to  do  so;  and  that 
they  should  never  neglect  a  call  to  have 
a  bowel  movement.  It  is  important  that 
the  reason  for  each  provision  in  the  in- 
structions should  be  explained  to  the 
patient  so  that  he  may  take  an  intelli- 
gent interest  in  following  them.  It 
should  also  be  impressed  upon  him  that 
he  must  carry  out  all  instructions  in 
order  to  be  cured. 

If  the  condition  is  of  such  long  stand- 
ing that  the  patient  has  been  in  the  habit 
of  taking  laxatives  or  cathartics  two  or 
three  times  a  week,  drugs  may  be  neces- 
sary for  a  short  time.  We  have  found 
only  two  which  are  useful.  Bitter  fluid 
extract  of  cascara  sagrada  is  given 
nightly  in  doses  of  30  drops  until  the 
patient  has  had  a  movement  daily  for  a 
week.  Then  the  dosage  is  decreased  5 
drops  and  the  reduction  repeated  when- 
ever the  smaller  dose  has  had  the  same 
result  for  a  week.    Aromatic  cascara  is 


less  efficacious.  Mineral  oil  is  also  use- 
ful in  some  cases;  many  patients  refuse 
to  take  it,  however,  because  it  feels  oily 
in  the  mouth.  Although  phenolphthalein 
has  an  effect  somewhat  similar  to  that 
of  cascara,  we  have  not  used  it  because 
it  is  reported  to  irritate  the  kidneys  and 
to  cause  a  skin  rash  occasionally.  In 
only  a  very  small  percentage  of  our 
cases,  however,  was  it  necessary  to  pre- 
scribe any  drugs. 

Our  first  group  of  fifty-three  patients 
seemed  to  show  remarkable  results ; 
most  of  them  were  reported  as  cured 
when  followed  up  by  one  of  our  nurses 
after  periods  varying  from  a  few 
Aveeks  to  several  months.  Later  groups 
checked  by  other  nurses  did  not  show 
such  good  results.  It  was  noticeable 
that  the  percentage  of  persons  whose 
condition  Avas  improved  or  who  were 
cured  varied  Avith  the  temperaments  of 
the  four  nurses.  Consideration  of  this 
fact  has  led  us  to  decide  not  to  publish 
the  actual  statistics  which  are  probably 
somewhat  inaccurate.  This  is  no  reflec- 
tion upon  the  nurses  to  whom  much 
credit  is  due  for  following  up  our  cases. 
Even  the  group  showing  the  poorest 
results  indicated  that  less  than  25  per 
cent,  of  the  patients  had  failed  to  obtain 
either  a  cure  or  considerable  improve- 
ment. 

Several  patients  reported  after  sev- 
eral months  that  they  had  had  one  re- 
lapse after  obtaining  relief,  as  a  result 
of  failure  to  observe  the  instructions, 
but  that  by  again  following  the  plan  they 
had  been  cured.  This  suggests  that  we 
have  succeeded  in  instilling,  in  some 
patients  at  least,  knowledge  which  will 
enable  them  to  avoid  constipation  for 
some  time. 

A  considerable  number  of  young 
wonuni,  who  were  anemic  as  well  as  con- 
stipated and  who  complained  of  dizzi- 
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ness  and  headaches,  reported  that  these 
symptoms  qi;ickly  disappeared  after 
they  adopted  the  diet;  when  seen  after 
interv^als  of  a  few  weeks  they  showed  no 
signs  of  anemia.  In  a  number  of  cases 
of  acne,  also,  marked  improvement  re- 
sulted without  other  treatment. 

Almost  universally  patients  who  fol- 
lowed the  directions,  even  in  part,  re- 
ported appreciable  improvement  in  their 
feelings  of  well-being,  and  a  number  of 
them,  who  had  been  underweight,  gained 
several  pounds.  The  best  recommenda- 
tion  for   the  diet   is   that   results   were 


sufficiently  marked  in  a  number  of  cases 
to  stimulate  other  employees  to  apply 
to  us  for  the  diet  list. 

CONCLUSIOXS 

1.  Constipation  is  too  serious  a  con- 
dition to  be  neglected  by  physicians. 

2.  The  method  of  instructing  pa- 
tients is  at  least  as  important  as  the 
instructions  themselves. 

3.  The  majority  of  cases  of  constipa- 
tion in  working  adults  can  be  cured  by 
dietetic  and  hvgienic  measures  alone. 


JET  DUST  COUNTING  APPARATUS' 


J.  S.  OwExs,  M.D.,  A.M.LC.E.,    F.G.S.,    F.E.S.I. 

Superinteyident,  Atmospheric  Pollution  Division,  Meteorological  Office,  Air  Ministry.  London 


THE  apparatus  described  in  this  pa- 
per was  designed  by  the  author  in 
connection  with  the  work  of  the  Advis- 
ory Committee  on  Atmospheric  Pollu- 
tion, which  is  now  attached  to  the  Me- 
teorological Committee  of  the  Air  Min- 
istry. 

The  necessity  for  some  reliable 
method  of  estimating  the  amount  and 
nature  of  suspended  impurity  in  air  be- 
came obvious  early  in  the  investigation, 
as  a  short  summary  of  existing  methods 
will  show.  An  instrument  for  meas- 
uring dust  would  have  many  applica- 
tions, and  for  estimating  the  quantity 
and  nature  of  smoke  pollution  in  the  air 
of  cities,  the  amount  and  nature  of  dust 
in  factories,  mines  and  similar  places, 
some  means  is  essential. 

The  following  paper  (1)  reviews 
briefly  the  methods  already  known  and 
(2)  describes  an  instrument  evolved,  its 
development  and  method  of  use,  to- 
gether with  the  principles  upon  which  it 
is  based.  A  number  of  methods  pre- 
viously tried  are  described  in  an  early 
issue  of  THIS  JouRXAL  (1),  to  which  ref- 
erence should  be  made  for  a  bibliog- 
raphy of  dust  measurement. 

Eeview  of  Methods 

Impaction  Methods. — In  these  meth- 
ods dust  particles  are  forcibly  directed 
against  surfaces  specially  prepared  with 
sticky  substances,, such  as  glycerine,  oil, 
gum,  silicate  of  soda  or  resin.  The  im- 
paction method  has  been  used  in  differ- 

♦Receivod  for  publication  Oct.  25,  1922.  Thn 
figures  used  in  illustratinK  this  article  are  taken 
from  Proceedings  of  the  Roj-al  Society,  Series  A, 
1922,  101. 


ent  forms  and  in  all  cases  reliance  has 
been  placed  upon  the  sticky  substances 
to  bring  about  the  adhesion  of  the  dust 
particles  to  the  surface.  There  are  se- 
rious objections  to  the  use  of  any  such 
substance,  which  may  be  briefly  sum- 
marized as  follows: 

The  author  has  tried  several  experi- 
ments with  different  adhesives,  such  as 
liquid  paraffin,  Canada  balsam  in  xylol, 
but  found  that  no  advantage  was  gained 
in  this  way.  In  fact,  in  all  cases  it  was 
impossible  to  obtain  any  gTeat  efficiency 
when  such  an  adhesive  was  used,  since 
a  high  velocity  in  the  jet  impinging  upon 
the  glass  surface  is  essential  to  efficiency 
but  is  incompatible  ■uith  the  existence  of 
a  smooth,  sticky  film  at  the  point  of  im- 
pact ;  if  the  velocity  is  high  enough  to 
make  the  jet  efficient,  the  sticky  material 
is  bloA\ai  away,  wliile  on  the  other  hand, 
if  the  velocity  is  low  enough  to  preserve 
the  sticky  film  intact,  the  efficiency  is  so 
reduced  as  to  make  the  method  useless. 

This  drawback  is  illustrated  in  Table 
1,  which  shows  a  comparison  of  the  re- 
sults obtained  by  the  use  of  a  well-known 
instrument  in  which  a  jet,  circular  in 
section,  is  caused  to  impinge  upon  a 
glass  surface  coated  with  vaseline,  with 
the  results  obtained  by  the  instrument 
devised  by  the  author.  From  this  table 
it  will  be  observed  that  the  efficiency  of 
the  "jet  and  vaseline"  instrument  was 
of  the  oi-der  of  4  or  5  per  cent.  Clearly, 
very  fallacious  conclusions  may  be 
drawn  from  the  use  of  an  instrument  of 
this  type.  It  is,  however,  somewhat  dif- 
ficult to  test  its  efficiency  as  tliero  is  no 
standard  to  which  to  refer. 
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Condensation  Methods.  —  Condensa- 
tion of  water  on  the  dust  particles  is 
utilized  in  Aitken's  dust  counter  and  the 
koniscope;  a  fog  is  produced  which,  in 
the  koniscope,  is  compared  with  a  stand- 
ard. No  distinction  is  made  between 
dust  particles  and  other  nuclei  which 
may  be  effective  in  assisting  condensa- 
tion. 

Electrostatic  Precipitation.  —  This 
method  has  been  used  to  trap  the  parti- 
cles by  precipitation  of  dust  into  a 
liquid ;  the  liquid  is  then  compared  with 
standard  suspensions.  If  the  precipita- 
tion is  on  to  a  dry  surface  the  amount 
may  be  weighed  directly,  or  again  an  at- 
tempt to  count  the  particles  under  the 
microscope  may  be  made. 

Agitation  tvith  Water. — In  Palmer's 
apparatus  the  air  is  drawn  at  high  veloc- 
ity through  40  c.c.  of  water  in  a  specially 
shaped  vessel;  this  results  in  a  great 
disturbance  of  the  water  and  the  produc- 
tion of  spray.  The  loss  of  water  by 
evaporation  is  made  good  from  time  to 
time ;  the  water  and  suspended  dust  are 
finally  made  up  to  100  c.c,  and  1  c.c.  of 
the  dust  is  counted  in  a  cell,  after  settle- 
ment. 

Ultramicroscope.  —  Attempts  have 
been  made  to  count  dust  particles  by  an 
ultramicroscopic  method  but  the  results 
are  not  satisfactory;  in  counts  which 
have  been  made  in  this  way  by  the 
author  the  number  of  suspended  parti- 
cles in  the  air  was  always  less  than  the 
number  obtained  in  the  jet  record. 

Settlement. — Methods  of  dust  estima- 
tion depending  upon  the  settlement  of 
the  particles  upon  prepared  surfaces 
and  a  subsequent  count  of  such  particles 
obviously  give  incorrect  results,  since 
they  do  not  measure  suspended  particles 
but  simply  dust  which  has  settled  on  the 
plate  during  a  given  time.  This  number 
need  not  be  even  proportional  to  the 


amount  in  suspension,  since  it  depends 
upon  the  temperature  and  degree  of  dis- 
turbance of  the  air,  size,  shape  and 
density  of  the  particles,  etc. 

OwExs'  Dust  Counter 

The  general  principle  upon  which  the 
jet  dust  counting  apparatus  is  based  de- 
pends primarily  upon  the  condensation 
of  moisture  on  the  dust  particles  in  the 


TABLE  I.^COMPARISON  OF  RESULTS  OB- 
TAINED WITH  "JET  AND  VASELINE"  IN- 
STRUMENT  AND   OWENS'   DUST   COUNTER 


(1) 

(2) 

(3) 

(4) 
Ratio 

Number  of  Particles 

(2)X100 

per  C.C 

1 

(3) 

Date 

Instrument 

Owens' 

(i.e.,  ex- 

1922 

Using  Jet 

Dust 

pressed 

and  Vaseline 

Counter 

as  %) 

Jan.  24 

120 

5,600 

2.14 

" 

320 

6,100 

5.25 

Feb.   7 

305 

(5  c.c.   sample) 

5,4S0 

5.56 

"       " 

231 

(10  c.c.  sample) 

5,4S0 

4.22 

Mar.   1 

240 

3,950 

6.08 

210 

3.950 

5.32 

"      10 

668) 

14,050 

4.75'! 
4.6S  J 

morning                  657  \ 

Mar.  10 

348 

8,020 

4.35 

evening 

iThe    particles    varied    in    diameter    from    1.3 
microns  down,  averaging  0.5  micron. 


air,  and  the  subsequent  trapping  of 
these  particles  by  the  sudden  deflection 
of  a  fine  jet  of  air  which  is  caused  to  im- 
pinge upon  a  glass  surface.  The  num- 
ber and  nature  of  the  particles  are 
ascertained  by  microscopic  examination 
of  the  resulting  dust  record. 

When  air  which  contains  dust  and  a 
sufficient  quantity  of  water  vapor  is  sud- 
denly expanded,  a  condensation  of  some 
of  the  water  vapor  takes  place  upon  the 
dust  as  nuclei.  This  fact  was  utilized  by 
John    Aitken    in    his    well-knoAvn    dust 
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counter  (2),  in  which  the  aii'  is  admit- 
ted to  a  small  cell  where  its  pressure 
is  suddenly  reduced,  with  the  result  that 
a  rain  of  water  drops  occurs  upon  the 
floor  of  the  cell.  The  floor  is  divided  into 
squares  and  is  observed  through  a  mi- 
croscope placed  above  the  cell ;  the  num- 
ber of  drops  which  fall  upon  it  can  thus 
be  counted.  In  this  case  the  assumption 
is  that  each  drop  has  condensed  around 
a  dust  nucleus  and  that  a  count  of  the 
drops  is  the  equivalent  of  a  count  of  the 
dust  particles.  Under  these  conditions, 
however,  water  will  condense  on  nuclei 
other  than  dust,  and  a  count  of  the  water 
drops  is,  therefore,  not  to  be  interpreted 
as  a  count  of  the  dust  particles.  The 
majority  of  the  dust  particles  suspended 
in  air  are  so  very  minute,  averaging  per- 
haps half  a  micron  in  diameter,  that  they 
cannot  be  seen  except  under  a  high  mag- 
nifying power,  and  the  construction  of 
the  Aitken  dust  counter  does  not  permit 
of  a  high  magnification. 

In  the  instrument  now  to  be  described 
the  sequence  of  operation  is  as  follows : 
A  high  velocity  jet  of  air  is  caused  to 
strike  a  microscope  cover  glass;  the  ef- 
fect of  this  high  velocity  is  to  bring 
about  a  fall  of  pressure  in  the  jet,  ac- 
companying which,  and  resulting  from 
it,  is  a  corresponding  fall  of  temper- 
ature. This  in  turn  causes  a  condensa- 
tion of  the  moisture  in  the  air  upon  the 
dust  particles,  which  are  thus  projected 
wet  against  the  cover  glass,  and,  as  the 
water  evaporates,  are  left  behind  adher- 
ing to  the  glass. 

Experimental  Development. — -The  ev- 
olution of  this  instrument  involved  a 
large  amount  of  experimentation,  an  ac- 
count of  which  follows.  In  the  early 
stages  experiments  were  made  with  a 
round  jet  formed  from  a  piece  of  drawn 
and  bent  glass  tubing.  This  jet  was  fixed 
inside  a  small  bottle  in  such  a  way  that 


a  microscope  slip  could  be  held  within 
about  1  mm.  of  the  orifice,  so  that  when 
air  was  drawn  from  the  bottle  it  entered 
through  the  jet,  impinging  upon  the 
glass  slide,  where  some  of  the  dust  was 
found  to  adhere.  This  apparatus  was 
experimented  with  in  order  to  find  what 
the  order  of  its  efficiency  was,  and 
whether  this  could  be  improved  by 
smearing  the  glass  with  sticky  sub- 
stances. The  percentage  of  total  dust 
adhering  to  the  glass  was  not  very  high, 
probably  about  20  to  30  per  cent.,  and 
this  was  not  improved  by  smearing  the 
glass  with  sticky  liquids,  such  as  thick 
paraffin;  the  sticky  liquids  on  the  slides 
were  blown  away  from  the  point  of  im- 
pact of  the  jet,  thus  making  them  in- 
effective. In  any  case  the  amount  of  dust 
caught  was  not  sensibly  increased  by  the 
use  of  such  means.  What  caused  the 
dust  to  stick  to  the  glass,  became  there- 
fore an  important  question. 

In  order  to  investigate  this  a  form  of 
jet  was  next  designed  which  could  be 
placed  upon  the  stage  of  a  microscope 
so  that  the  process  could  be  observed 
while  the  jet  of  air  was  strildng  the  glass 
surface.  A  small  brass  holder  was  made, 
the  floor  of  which  was  formed  of  a  sheet 
of  mica ;  at  a  height  of  about  1  mm.  over 
the  mica  floor  a_  circular  cover  glass 
could  be  placed  and  held  in  position  by  a 
screwed  sleeve.  A  side  connection  to  the 
holder  enabled  air  to  be  dra\\Ti  from  the 
cell  enclosed  between  the  cover  glass  and 
the  mica  floor.  In  the  mica  floor  a  cir- 
cular hole  about  0.1  mm.  in  diameter  was 
made;  thus,  when  the  jet  was  plaqed  on 
the  stage  of  the  microscope  and  light 
was  reflected  upwards  through  the  floor 
of  the  cell,  the  objective  could  be  focused 
upon  the  cover  glass  immediately  over 
the  hole  in  the  floor.  When  air  was 
drawn  out  of  the  cell  by  means  of  a  small 
air  pump,  or  other  means,  the  dust  par- 
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tides  could  be  seen  impinging  against 
the  lower  surface  of  the  cover  glass. 

By  Avatching  this  process  carefully  it 
was  soon  observed  that  many  of  the  dust 
particles  were  surrounded  by  small 
drops  of  liquid.  In  this  Avay  it  was  dis- 
covered that,  under  suitable  conditions, 
the  water  in  the  air  could  be  made  to 
condense  upon  the  dust  particles  just 
before  they  impinged  upon  the  cover 
glass.  In  order  to  cause  the  jet,  air  has 
to  be  drawn  from  the  cell,  and  this  im- 
plies a  reduction  of  pressure  in  the  cell. 
Again,  if  the  velocity  of  the  jet  is  high, 
there  is  a  material  fall  of  static  pressure 
in  the  jet  itself,  owing  to  loss  of  velocity 
head.  Hence,  the  conditions  are  suitable 
for  condensation.  If,  therefore,  the  air 
before  entering  the  jet  is  saturated  with 
moisture,  or  so  nearly  saturated  that 
the  reduction  of  pressure  brought  about 
as  already  described  will  result  in  super- 
saturation,  water  Avill  be  condensed  upon 
the  dust  particles,  and  will  in  most  cases 
evaporate  immediately,  leaving  the  par- 
ticles adhering  to  the  glass  surface  as 
the  velocity  of  the  air  falls  off  after  im- 
pact with  the  glass. 

This  form  of  jet  was  found  so  ex- 
tremely sensitive  that  a  small  fraction 
of  a  cubic  centimeter  of  air  passed 
through  the  jet  produced  a  rain  of  dust 
particles,  too  numerous  to  count  except 
in  very  pure  air.  Also  the  record  was  of 
very  small  dimensions  and  therefore  ex- 
tremely difficult  to  find  unless  in  the  way 
already  referred  to,  i.e.,  by  focusing  first 
upon  the  orifice  forming  the  jet  and  then 
racking  up  and  focusing  upon  the  cover 
glass  immediately  above  the  orifice. 
Again,  owing  to  the  small  quantity  of  air 
required  to  give  a  record  in  this  form  of 
apparatus,  it  appeared  likely  that  its  use 
would  involve  error,  as  a  sample  taken 
might  not  be  strictly  representative. 
The  apparatus  was,  therefore,  modified 


and  a  form  was  made  in  which  the  orifice 
for  ijroducing  the  jet  consisted  of  a  slot 
of  about  0.1  mm.  in  width  and  of  any 
suitable  length  up  to  1  cm.,  depending 
upon  the  size  of  the  cover  glass  used 
(see  Fig.  1).  This  form  removed  the 
foregoing  objections  as  the  quantity  of 
air  wliich  could  be  draAvn  through  the 


^ 


IR^ 


Fig.  1. — Slot  0.1  mm.  wide  and  up  to  1  cm.  long 

jet  withoiit  obtaining  too  many  dust  par- 
ticles for  counting  could  be  greatly  in- 
creased. Further,  there  was  now  no  dif- 
ficulty in  finding  the  record  on  the  cover 
glass,  as  the  record  itself  was  of  linear 
form  extending  across  the  glass,  the  jet 
itself  being  of  ribbon  shape. 

At  this  stage  an  attempt  was  made  to 
measure  the  efficiency  of  the  apparatus 
by  means  of  a  double  jet,  the  second  tak- 
ing the  air  Avhich  passed  through  the 
first.  An  apparatus  was  constructed  on 
the  lines  of  that  already  described  so 
that  the  operation  could  be  watched  un- 
der the  microscope  (Fig.  2).  The  lower 
cell  had  a  slot  B  in  its  floor,  the  jet  from 
which  struck  its  roof,  which  in  turn 
formed  the  floor  of  the  upper  cell  and 
contained"  another  slot  A,  so  that  the  air 
having  impinged  upon  its  lower  surface 
passed  through  the  second  slot  and  im- 
pinged upon  the  roof  of  the  upper  cell. 
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The  construction  of  an  apparatus  with 
slots  of  this  type  was  found  to  be  com- 
paratively easy  in  contrast  to  the  con- 
struction of  an  apparatus  with  a  round 
orifice  of  very  small  and  fixed  diameter. 
The  slots  were  made  in  this  apparatus 
by  cementing  the  two  halves  of  a  cover 
glass  to  a  metallic  ring,  the  slot  being 


a  sufficient  quantity  of  the  water  from 
the  air  to  reduce  the  efficiency  of  the  sec- 
ond cell. 

It  appeared  probable  that  variations 
in  the  quantity  of  dust  trapped  might  be 
due  partly  to  variations  in  the  moisture 
contents  of  the  air,  as  well  as  to  change 
in  dust  contents ;  therefore  a  dampening 


Fig.  2. — Double  ceU. 


formed  between  the  two  straight  edges, 
which  were  suitably  ground  and  polished 
(Fig.  1).  The  arrangement  of  the  slots 
was  such  that  they  were  at  opposite 
sides  of  the  center  of  the  apparatus.  If 
the  first  jet  stopped  all  the  dust,  there 
would  obviously  be  no  dust  carried 
through  with  the  second  jet  and  none 
would  be  found  on  the  roof  of  the  second 
cell.  Tested  in  this  way  it  was  found 
that  a  varying  percentage  of  the  total 
dust  was  trapped,  sometimes  100  per 
cent.,  and  at  other  times  perhaps  50  per 
cent. 

This  method  of  testing  the  efficiency  is 
not  really  satisfactory  as  it  is  possible 
that  particles  which  escaped  the  first  cell 
may  escape  the  second.  Again,  as  the 
adhesion  of  the  particles  is  due  to  water 
condensation,  the  first  cell  mav  remove 


chamber  was  devised  through  which  the 
air  had  to  pass  before  entering  the  jet. 
This  chamber  had  its  walls  lined  A\ath 
damp  blotting  paper  and  was  so  ar- 
ranged that  the  air  would  have  to  spend 
a  certain  minimum  time  in  it  before  en- 
tering the  jet. 

The  use  of  this  damping  chamber  was 
found  to  make  the  records  much  more 
consistent,  and,  from  recent  results  with 
the  double  cell  method,  it  appears  prob- 
able that  all  the  dust  in  the  air  is 
trapped,  or  at  least  that  the  amount 
escaping  is  a  negligible  quantity.  An 
attempt  was  made  to  measure  the  effi- 
ciency by  means  of  an  ultramicroscopic 
method,  in  which  the  number  of  particles 
suspended  in  the  air  was  counted  under 
a  microscope  while  brightly  illuminated 
against   a   dark   background,    and   was 
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compared  mth  the  number  obtained  with 
a  jet  record.  This  method  is  very  diffi- 
cult to  apply  and  is  subject  to  great 
error  OAving  to  the  extremely  small  vol- 
ume of  air  used  in  the  ultramicroscopic 
count.  In  all  tests  made  so  far,  how- 
ever, the  number  of  particles  counted 
ultramicroscopically  was  always  less 
than  that  counted  in  a  jet  record.  This 
is  a  result  which  might  have  been  ex- 
pected, since  the  visibility  of  the  parti- 
cles when  examined  in  suspension  in  this 
way  is  a  function  of  the  intensity  of  the 
illumination  and  is  also  affected  by  the 
continuous  brownian  movements. 

On  December  1,  1921,  a  record  taken 
by  the  jet  gave  11,300  particles  per  cubic 
centimeter,  and  an  ultramicroscopic 
count  at  the  same  time  gave  only  4,400. 
An  interesting  point  to  observe  as  bear- 
ing upon  visibility  of  small  particles  is 
that  the  number  of  particles  in  the  above 
record  over  0.85  micron  was  approxi 
mately  3,500  per  cubic  centimeter.  It 
must  be  remembered  that  while  in  the 
jet  count  a  1/12  inch  objective  was  used, 
in  the  other  a  2/3  inch  objective  was 
used,  as  it  is  not  possible  to  use  a  high 
power  for  the  ultramicroscopic  count. 

On  January  22,  1922,  during  a  bad 
fog  in  London,  a  count  of  a  record  taken 
by  the  jet  gave  21,760  particles  per  cubic 
centimeter,  while  an  ultramicroscopic 
count  gave  18,870.  There  was  an  ab- 
normal number  of  large  particles  during 
this  fog,  and  it  was  observed  that  par- 
ticles which  settled  to  the  floor  of  the 
cell  used  for  ultramicroscopic  count  were 
approximately  0.5  to  0.9  micron  in  di 
ameter,  as  measured  under  a  1/6  inch 
objective.  A  serious  drawback  to  the 
ultramicroscopic  method  is  the  extreme- 
ly small  volume  of  air  which  is  examined. 
In  the  case  referred  to,  the  actual  vol- 
ume in  which  the  particles  were  counted 
was  approximately  1.6  c.mm. 


Perhaps  the  most  satisfactory  test  of 
the  efficiency  of  the  jet  was  made  with 
the  aid  of  an  instrument  which  the  au- 
thor had  previously  desigiied  for  the 
purpose  of  measuring  the  pollution  of 
city  air  by  smoke.  In  this  instrument  a 
measured  volume  of  air  is  drawn 
through  white  filter  paper  of  such  tex- 
ture that  the  suspended  impurity  is 
trapped  and  remains  as  a  discoloration 
upon  the  surface.  When  air  Avhich  had 
been  passed  through  the  jet  apparatus 
was  subsequently  drawn  through  a  white 
filter  paper  in  this  instrument,  it  Avas 
found  that  no  discoloration  Avas  pro- 
duced, Avhile  a  similar  volume  of  air 
A\diich  had  not  been  passed  through  the 
jet  gave  a  distinct  discolored  spot  on  the 
filter  paper. 

Present  Instrument. — An  instrument 
Avas  designed  for  general  use,  as  illus- 
trated in  Figures  3  and  4.  The  appara- 
tus consists  of  a  sleeve  B,  open  at  the 
top  and  bottom  and  screAved  internally 
for  the  reception  of  a  piece  K,  Avhich 
forms  a  screwed  plug.  This  is  perforat- 
ed by  a  central  hole  for  admitting  air  to 
a  narroAV  slot  A,  formed  diametrically 
across  the  hole  by  means  of  tAA'o  semi- 
circular metallic  plates,  Avhich  are  held 
in  position  by  a  ring  R  attached  to  the 
plug  K.  The  upper  surface  of  this  ring 
is  recessed  to  form  a  bed  for  a  micro- 
scope cover  glass,  and  the  ring  R  under 
the  cover  glass  is  of  such  a  tliickness  that 
Avhen  the  cover  glass  is  placed  in  posi- 
tion in  its  recess  it  forms  the  roof  of  a 
cell  about  1  mm.  high;  the  floor  of  the 
cell  is  formed  by  the  aboA^e-mentioned 
metallic  plates,  the  function  of  Avhich  is 
to  form  betAveen  them  a  narroAv  slot,  ap- 
proximately 0.1  mm.  in  Avidth.  The  cen- 
ter of  the  ring  R  is  turned  out  to  a  suit- 
able diameter  Avhich  in  practice  is  found 
to  lie  betAveen  2  and  10  mm. ;  the  diam- 
eter of  the  central  opening  in  tliis  ring 
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also  determines  the  size  of  the  coll  in- 
cluded between  the  cover  glass  and  the 
metal  plates  forming  the  slot.  The 
length  of  the  slot  A  is  also  determined 
by  the  diameter  of  the  opening  in  the 
ring,  or  of  the  central  opening  of  the 
plug  K. 

Into  the  upper  opening  of  the  sleeve  B 
tits  a  screwed  plug  C,  to  the  inner  end  of 
which  is  fixed  a  three  claw  spring  by 
which  the  cover  glass  is  held  firmly  upon 
its  bed,  when  the  plug  0  is  screwed 
home. 

Between  the  plug  C  and  the  sleeve  B, 
a  leather  washer  H  is  provided,  by 
means  of  which  an  air-tight  joint  is  made 
when  the  plug  C  is  screwed  home.  The 
sleeve  B  has  an  annular  recess  formed 
in  its  inner  wall  between  the  inner  ends 
of  the  plugs  C  and  K,  and  communicat- 
ing with  this  recess  is  a  connection  E, 
for  attachment  to  an  air  pump.  Suitable 
channels  N  are  formed  in  the  upper  sur- 
face of  the  ring  R  which  receives  the 
cover  glass,  as  shown  in  Figure  4,  so  that 
when  air  is  drawn  from  the  space  be- 
tween the  plugs  C  and  K,  by  means  of  an 
air  pump  attached  to  E,  a  jet  of  air  is 
caused  to  enter  the  slot  A  and  impinge 
xipon  the  cover  glass,  escaping  to  the 
amiular  space  in  B  and  the  connection 
to  the  pump  E,  by  means  of  the  channels 
N  formed  in  the  upper  surface  of  the 
ring  R. 

An  approach  tube,  or  chamber,  T,  is 
screwed  to  the  plug  K,  as  sllO■\\^l,  and 
lined  mth  absorbent  material,  such  as 
blotting  paper,  held  in  position  by  suit- 
able fastenings.  During  use  the  absorb- 
ent lining  is  wet  with  water,  and  its  func- 
tion is  to  supply  moisture  to  the  air  be- 
fore it  enters  the  jet  A.  The  capacity 
of  this  approach  tube,  or  damping  cham- 
ber, is  two  or  three  times  that  of  the  ai'' 
pump  attached  to  E. 

AVhen  tlic  a])i)aratus  is  in  operation. 


an  ordinary  hand  air  pump  of  a  meas- 
rired  capacity  per  stroke  is  fixed  to  the 
connection  E.  In  practice  50  c.c.  capac- 
ity is  found  suitable,  but  this  may  be  va- 
ried if  desired.  In  taking  a  record  of  the 
dust  the  procedure  is  as  follows : 

After  the  air  pump  has  been  attached 
to  the  connection  E,  a  few  strokes  of  the 
pump  are  made  so  that  the  damping 
chamber  T  is  filled  with  the  air  to  be 
tested.  The  plug  C  is  then  removed 
rapidly  and  a  carefully  cleaned  cover 
glass  placed  in  position  upon  the  rini;' 
R ;  after  this  has  been  done  the  plug  C 
is  replaced  rapidly  and  screwed  home. 
The  pump  is  then  operated  so  that  one 
or  more  volumes  of  air  are  drawn 
through  the  jet  A,  a  suitable  interval  be- 
ing allowed  to  elapse  between  each 
stroke  of  the  pump  to  permit  the  air  in 
the  damping  chamber  T  to  absorli  water 
from  the  lining.  The  plug  C  is  then  re- 
moved, and  the  cover  glass  may  be 
dropped  out  on  to  the  hand  by  inverting 
the  instrument. 

The  jet  of  air  entering  through  A  and 
striking  the  cover  glass  deposits  its  dust 
thereon.  The  cover  glass  may  then  be 
mounted  for  microscopic  examination  of 
the  i^articles. 

Metliod  of  Mounting  Records. — The 
most  convenient  method  of  mounting 
records  has  been  found  to  be  as  follows : 
Slides  are  prepared  ready  labelled,  upon 
which  are  fixed  tin  rings  of  the  diameter 
of  the  cover  glass,  that  is,  about  2  cm., 
a  central  cell  of  a  little  over  1  cm.  being 
left.  The  rings  are  fixed  to  the  slides 
bj'  means  of  a  special  adhesive,  which 
also  coats  the  upper,  or  free  surface,  of 
the  ring  and  Avhicli  has  the  property  of 
remaining  sticky  for  several  weeks.  This 
adhesive  is  prepared  from  a  mixture  of 
iTsin  and  liquid  paraffin.  The  rings  are 
(lipped  in  the  molted  mixture  and  placed 
ii|)<iii  tlio  slide. 
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Fig.  4. — I'ltiii  of  a]>iiarutus  with  Icip  pin-  icniiivcd. 
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When  it  is  desired  to  moiant  a  record 
the  cover  glass  is  placed  with  the  record 
downwards  upon  the  top  of  the  ring  and 
pressed  down  gently  Avith  the  thumb. 
The  heat  of  the  thumb  is  usually  suffi- 
cient to  soften  the  adhesive  and  to  cause 
the  cover  glass  to  stick  firmly  all  around. 

A  considerable  amount  of  difficulty 
was  found  at  first  in  obtaining  a  method 
of  mounting  suitable  for  use  imder  in- 
convenient conditions,  such  as  would  be 
met  with  outside  the  laboratory. 

Method  of  Counting  Dust  Particles.— 
The  form  of  record  obtained  is  a  linear 
deposit  of  dust  of  uniform  width  across 
the  cover  glass ;  this  lends  itself  to  a  sim- 
ple method  of  counting,  as  a  micrometer 
eyepiece  which  is  ruled  in  squares  of 
about  1/2  to  1  mm.  may  be  used,  and  the 
number  of  particles  in  a  strip,  the  width 
of  one  of  these  squares  and  extending 
completely  across  the  record,  can  be 
easily  ascertained.  The  number  of  such 
strips  contained  in  the  record  may  be 
found  once  for  all  by  calculation  or  by 
direct  counting  under  the  microscope. 
Knowing  the  volume  of  air  dra\vn 
through  the  cell,  a  factor  can  then  be 
worked  out  for  each  jet  which,  when 
multiplied  into  the  count  of  one  strip 
across  the  record,  will  give  the  number 
of  particles  per  cubic  centimeter  of  air. 
The  counting  is  done  under  a  1/12  inch 
oil  immersion  objective.  In  the  case  of  a 
jet  which  has  been  in  use  for  some  time, 
the  factor  is  13.3,  assuming  that  50  c.c. 
of  air  are  drawn  through.  Thus,  if  N  = 
the  number  of  particles  in  one  strip 
transversely  across  the  record,  13.3  N 
will  be  the  number  per  cubic  centimeter. 
Although  the  condensed  water  is  an  im- 
portant factor  in  causing  the  dust  to  ad- 
here to  the  cover  glass,  this  water  evap- 
orates as  soon  as  the  cover  glass  is 
removed  as  it  is  excessively  small  in 
quanlity;    lliorofore    the    record    itself. 


after  removal,  contains  no  water  drops. 
Thus,  the  error  arising  from  the  fact 
that  drops  condense  around  particles 
other  than  dust,  such  as  ions,  does  not 
exist.  Again,  the  method  does  not  de- 
pend in  any  sense  upon  the  color  of  the 
particles;  hence  it  is  applicable  to  dust 
of  all  kinds. 

Results 

In  addition  to  counting  the  number  of 
particles  per  cubic  centimeter  of  air,  the 
size  of  the  particles  and  their  shape  can 
be  easily  ascertained  by  direct  observa- 
tion under  the  microscope;  some  infor- 
mation as  to  their  nature  may  also  be 
obtained  by  examination  in  polarized 
light,  and  by  other  methods  to  be  de- 
scribed later. 

Dust  Counts. — As  illustrating  some  of 
the  results  obtained  from  records  by  this 
instrument,  a  few  typical  dust  counts 
are  given  below.  During  the  dense  fog 
in  London  on  Sunday,  January  22,  1922, 
a  record  of  50  c.c.  taken  gave  21,760  par- 
ticles per  cubic  centimeter.  The  diam- 
eter of  a  large  proportion  of  these  par- 
ticles was  1.7  microns,  while  the  average 
diameter  was  about  0.85  micron.  The 
number  of  large  sized  particles  foixnd 
during  this  fog  was  quite  unusual,  as 
such  particles  are  usually  very  few. 
During  the  fog  on  October  26,  1921,  the 
number  of  jjarticles  obtained  per  cubic 
centimeter  was  20,800;  the  average  size 
of  the  particles  was  0.85  micron,  and  the 
maximum  1.7  microns.  There  was  a  con- 
sidei'able  number  of  spherical  particles 
U15  to  0.85  micron  in  diameter. 

In  comparatively  pure  air  the  vohnne 
drawn  through  the  jet  may  have  to  be 
increased.  For  example,  in  sainjjles 
taken  during  August,  1921,  on  the  Nor- 
folk coast  it  was  found  necessary  some- 
times to  di-a\v  1,000  c.c.  in  order  to  ol)tain 
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Fig.  5. — Record  showing  method  of  counting. 
The  squares  on  the  photograph  are  from  the  lines 
in  the  eyepiece  micrometer.      X  250. 
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Fig,  7. itecord  obtained  in  Villa  Real  de  Santa  Vir,.  S.— Record  taken  by  means  of  flller  pinup 

Antonio,  in  southern  part  of  Portugal.  Practically  at  Cheain,  in  Surrey,  12  miles  southwest  of  Lou- 
all  the'  particles  are  crystals  of  common  salt,  don,  duriug  northeast  wind.  Note  crystals.  X  1,000. 
X  1.000. 


532 


THE   JOURNAL   OF   INDUSTRIAL   HYGIENE 


a  suitable  record;  aud  during  a  slight 
haze  in  dry,  sunny  weather,  about  100  to 
200  particles  per  cubic  centimeter  were 
found,  the  size  ranging  from  about  0.3 
to  1.7  microns.  These  were  found  dur- 
ing a  northeast  wind  and  must  have  been 
carried  across  the  North  Sea  from  the 
Continent  of  Europe  (3).  A  record 
taken  at  Cheam,  in  Surrey,  on  December 
29,  1921,  during  a  northwest  by  north 
wind  gave  315  particles  per  cubic  centi- 
meter. 

Dust  in  Expired  Air. — One  important 
application  of  the  method  has  been  to 
the  discover}-  of  dust  in  expired  air. 
Since  the  experiments  made  by  Tyndall 
(4),  in  which  he  examined  expired  air 
by  means  of  a  powerful  beam  of  light 
from  an  arc  lamp  brought  to  a  focus  in 
the  air  by  means  of  a  lens,  it  has  been 
very  commonly  assumed  that  expired  air 
was  dust  free,  although  Tyndall  stated 
that  it  was  only  air  from  the  depths  of 
the  lungs  that  he  found  dust  free.  This 
matter  was  examined  again  by  means 
of  the  jet  apparatus.  Air  expired  during 
ordinary  lu'eathing  was  found  to  con- 
tain about  70  per  cent,  of  the  dust  parti- 
cles which  were  breathed  in;  while  the 
air  from  the  depths  of  the  lungs,  after 
quiet  breathing,  contained  from  2.5  to  7 
per  cent.,  and  after  deep  breathing  over 
20  per  cent.  Inspiration  was,  in  all  cases, 
through  the  nose.  This  is  a  someAvhat 
important  result,  since  it  throws  some 
light  upon  the  causation  of  dust  diseases, 
such  as  silicosis.  The  author  read  a  pa- 
per on  this  subject  before  the  Medical 
Society  of  London  on  December  12, 1921, 
and  the  summary  of  conclusions  arrived 
at  from  tJiese  experiments  was  given  as 
follows : 

1.  Tlie  air  passages  do  not  act  efficiently 
as  a  filter,  except  for  the  removal  of  very 
large  dust  particles. 

2.  When  breatliing  dust  laden  air,  it  is 
only  after  a  long  period  of  quiet  breathiny- 


that  the  air  from  the  deep  parts  of  the  lungs 
approaches  being  dust  free. 

3.  When  the  air  from  the  depths  of  the 
lungs  is  dust  free,  it  is  not  due  to  the  re- 
moval of  dust  from  the  air  in  its  passage 
1o  the  alveoli  but  to  deposit  of  the  contained 
dust  in  or  near  the  alveoli. 

4.  Normal  quiet  breathing  may  not  carry 
any  dust  into  the  deeper  parts  of  the  lungs, 
and  such  dust  as  is  carried  into  the  air  pas- 
sages can  be  dealt  with  and  removed  by  cili- 
ary action. 

5.  Deep  breathing  following  exertion  or 
coughing,  or  accompanying  sneezing  or 
yawning,  or  by  voluntary  action,  draws  the 
dust  into  the  deeper  parts  of  the  lungs,  be- 
yond the  ciliated  lining  of  the  air  passages, 
and  thus  beyond  the  mechanism  pro\-ided 
for  its  removal. 

6.  It  is  suggested  that  during  work  in 
dust  laden  air  it  is  the  deep  inspirations, 
resulting  from  the  above  causes,  which  are 
responsible  for  bringing  about  disease. 

7.  Nose  breathing  does  not  protect  against 
dust. 

8.  It  is  doubtful  how  far  exercises  in- 
volving deep  breathing  should  be  recom- 
]iiended  to  city  dwellers  under  present  con- 
ditions, owing  to  the  polluted  state  of  the  air. 

Microcheuiical  Examination 

The  fact  that  the  efficiency  of  the  jet 
depends  upon  condensation  of  moisture 
has  made  possible  other  methods  of  ex- 
amination of  the  suspended  matter  of 
the  air.  Referring  to  the  illustration  of 
the  apparatus,  it  will  be  noticed  that  the 
damping  chamber  is  of  tubular  form  and 
\vhen  the  instrument  is  in  use  it  usually 
hangs  downwards,  or  may  be  pointed  in 
any  desired  direction,  the  apparatus  be- 
ing held  by  the  pump.  It  was  found  that 
if  the  apparatus  was  held  by  the  damp- 
ing chamber,  a  ctirious  result  was 
brought  about:  The  heat  of  the  hand 
caused  moisture  to  evaporate  from  the 
damp  lining  of  the  chamber  in  greater 
quantity  than  the  air  could  take  up,  and 
tlnis  a  fog  could  be  detected  inside  the 
cluiniber.  A  record  taken  under  such 
conditions  was  so  affected  by  impact  of 
the  water  drops  that  it  was  uncountable. 
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The  water  flowed  out  sideways  from  the 
linear  record,  leaving  the  stream  beds 
free  from  particles,  which  were  stranded 
round  the  margin  of  each  little  stream. 
This  fact  was  pressed  into  service  in 
the  following  way:  It  was  found  that 
when  a  large  volume  of  air  Avas  drawn 
through  the  jet  so  that  a  perfectly 
opaque  record  was  obtained,  and  during 
the  process  the  damping  chamber  was 
slightly  warmed,  the  condensed  water 
striking  the  record  flowed  out  sideways, 
as  previously  described,  dissolving  in  its 
passage  some  of  the  soluble  matter  con- 
tained in  the  record,  which  subsequently 
crystallized  out  on  the  dried  up  stream 
beds,  when  the  water  evaporated. 
These  crystals  could  then  be  examined 
microscopically  and  microchemically, 
and  the  nature  of  the  salts  forming 
them  ascertained. 

In  order  to  simplify  the  recognition  of 
such  crystals,  a  set  of  standard  slides 
was  prepared.  These  slides  had  cover 
glasses  on  which  crystals  of  the  sorts 
most  likely  to  occur  in  atmospheric  dust 
were  formed  artificially.  The  following 
is  a  list  of  the  standard  crystals  so  pre- 
pared : 

Ammonium  chloride. 

Potassium  chloride. 

Sodium  chloride. 

Ammonium  sulphate. 

Potassium  sulphate. 

Magnesium  sulphate. 

Sodium  sulphate. 

Potash  alum. 

Sodium  thiosulphate. 

Sodium  nitrate. 

Magnesium  carbonate. 

Ammonium  acetate. 

Sodium  sulphite. 

Ammonium  nitrate. 
In  addition  to  these,  slides  of  pure 
silica  and  alumina  powders  were  pre- 
pared.   By  examining  the  crystals,  com- 
paring them  with  the   standard   slides. 


and  measuring  the  interfacial  angles  and 
behavior  under  polarized  light,  it  is 
probable  that  most  of  the  salts  in  atmos- 
pheric dust  can  be  recognized. 

This  phase  of  the  investigation  has 
been  undertaken  only  recently,  and  has 
not  been  carried  very  far  up  to  the  pres- 
ent time. 

Acidity  and  Alkalinity. — Owing  to  the 
effect  of  the  condensed  water  referred  to 
in  the  foregoing,  it  was  thought  that  if 
a  chemical  indicator  were  i;sed  on  the 
cover  glass  upon  which  the  record  was 
taken  some  information  should  be  ob- 
tainable as  to  the  acidity  or  alkalinity  of 
the  air.  Cover  glasses  coated  with  a  so- 
lution of  gelatine  in  water,  to  which  dif- 
ferent indicators  were  added,  were  pre- 
pared and  experimented  with.  The  indi- 
cators tried  were  methyl  orange,  congo 
red,  phenolphthalein,  erythrosin  (iodeo- 
sin).  "With  regard  to  the  methyl  orange 
used  in  this  way,  it  was  found  that  since 
the  color  change  was  from  red  to  yellow, 
or  vice  versa — that  is,  the  film  was  ini- 
tially colored  either  red  or  yellow — a 
change  of  color  on  the  surface  of  the  film, 
if  sufiQciently  shallow,  was  not  detectable. 
The  same  objection  applied  to  congo 
red;  whereas  with  phenolphthalein,  in 
which  the  color  change  was  from  color- 
less with  acid  to  pink  with  alkaline,  the 
depth  of  color  obtainable  mth  a  thin  film 
was  not  sufiicient  to  be  recognized  under 
the  microscope.  A  further  objection  was 
the  absence  of  a  characteristic  color  for 
acid.  Erythrosin  Avas  too  difficult  to  ap- 
ply as  it  required  the  presence  of  ether. 

Following  the  gelatine  experiment  tri- 
als were  made  with  filter  paper  colored 
with  methyl  orange  or  congo  red.  The 
method  was  to  prepare  some  paper 
which  had  the  characteristic  color  for 
acid  or  alkali  but  was  as  nearly  neutral 
as  it  Avas  possible  to  get,  consistent  with 
distinct  coloration.  Two  half  disks  of 
each  paper  were  then  cut  and  fixed  on 
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a  metal  ring  of  the  same  diameter  as  the 
cover  glass  used  in  the  jet  apparatus. 
This  rijig  was  placed  in  the  apparatus 
instead  of  the  cover  glass  and  in  such  a 
way  that  the  linear  record  Avould  be 
taken  half  on  one  paper  and  half  on  the 
other.  This  method  gave  somewhat 
promising  results ;  a  definite  alkaline  re- 
action was  detected  in  one  case.  Only  a 
few  experiments  on  these  lines  have  yet 
been  carried  out,  and  further  experi- 
ments will  be  made  using  the  most  neu- 
tral filter  paper  obtainable. 

A  third  method  used  was  to  crystallize 
on  to  the  cover  glass  a  little  indicator 
from  solution,  and  to  take  the  record  on 
a  cover  glass  so  prepared,  care  being 
taken  to  have  the  damping  chamber 
warm  while  the  record  was  being  ob- 
tained. Experiments  made  on  these  lines 
point  to  this  method  as  probably  being 
the  most  sensitive,  since  definite  indica- 
tions of  botli  acidity  and  alkalinity  were 
obtained.  During  the  dense  fog  on  Sun- 
day, January  22,  1922,  the  reaction  of 
the  dust  collected  was  decidedly  acid 
both  to  Congo  red  and  to  methyl  orange. 
On  the  Friday  previous  to  this  a  defi- 
nitely alkaline  reaction  was  obtained. 
The  acidity  referred  to  does  not  neces- 
sarily imply  the  presence  of  free  acid  as 


both  methyl  orange  and  congo  red  are 
sensitive  to  salts,  the  latter  particularly 
so  to  calcium  salts. 

Tests  hy  Volatilization. — Another 
method  of  examination  applied  to  rec- 
ords obtained  in  London  was  as  follows : 
A  very  dense  record  having  been  made 
upon  the  cover  glass  by  drawing 
through  a  large  volume  of  air,  approxi- 
mately 1,000  c.c,  the  cover  glass  was 
removed  and  a  shallow  metal  ring,  about 
V2  mm.  deep,  was  placed  on  top  of  the 
glass  and  the  ring  covered  by  a  second 
cover  glass.  The  lower  glass  Avas  then 
heated  gently  over  a  gas  flame,  a  drop  of 
water  being  placed  upon  the  exposed 
surface  of  the  upper  cover  glass  to  keep 
it  cool.  After  cooling,  the  upper  glass 
was  removed  and  on  its  surface  was 
found  a  deposit  of  something  which  had 
been  driven  off  from  the  record  and  con- 
densed. On  examination  under  the  mi- 
croscope this  deposit  was  found  to  con- 
sist of  small  rounded  drops  of  dark,  oily 
liquid  soluble  in  oil.  This  liquid  Avas 
doubtless  tar. 

Xo  crystals  Avere  obserA^ed  but  it  is 
probable  that  by  improA'ed  methods  it 
Avill  be  found  possible  to  obtain  crystals 
volatilized  from  the  record  in  this  way. 
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Merchant  Seamen  :  Their  Diseases  akd  Wel- 
fare Needs.  By  ir.  E.  Home.  Pp.  111.  London: 
John  Murray,  1922. 

The  picture  drawn  in  this  book  of  life  at 
sea  as  lived  bj-  British  seamen  is  the  reverse 
of  attractive.  Dr.  Home  tells  the  history  of 
the  past,  not  in  order  to  extenuate  but  to  ex- 
plain the  present ;  thus,  to  take  one  instance, 
the  Merchant  Shipping  Act,  1906,  ordered 
ship  owners  to  pay  over  to  the  Board  of 
Trade  wages  due  to  deserters.  Why?  Be- 
cause previously  (and  the  custom  is  still 
surreptitiously  honored)  captains  were  ex- 
pected to  make  life  on  board  so  unpleasant 
that  crews  deserted ;  then,  of  course,  no  wages 


just  as  he  had  come  from  the  stokehold.  .  .  . 
Each  man,  as  he  came  off  watch,  whatever 
the  day  or  hour,  threw  himself  down  on  the 
bunk,  just  as  he  was,  and  there  remained 
until  it  was  time  for  him  to  go  to  his  next 
turn  of  watch  in  the  stokehold.  ...  As  for 
meals,  when  the  time  for  them  came  round, 
the  members  of  each  den  took  it  in  rotation 
to  go  up  to  the  cook's  galley  and  bring  down 
thence,  in  a  large  tin  dish,  the  mess  of  meat 
and  gravj-,  or  whatever  was  provided.  On  its 
arrival,  each  man  reached  forth  from  his 
bed,  took  with  his  hand,  out  of  the  dish  as  it 
went  by,  his  gruesome  portion,  and,  lying 
there,  devoured  it.  .  .  .  There  were  no  plates, 
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'These  figures  do  not  appear  in  the  book. 

were  paid — an  economical  proposition  for  the 
owners.  A  new  crew  was  then  engaged,  and 
the  process  was  repeated.  One  captain  boasted 
that  his  owners  had  not  had  to  pay  wages  for 
five  years;  another  who  returned  with  his 
original  crew  was  promptly  dismissed!  Tra- 
ditions last  long;  and  the  spirit  and  condi- 
tions needed  to  incite  desertion  are  not 
quickly  altered. 

Rear-Admiral  Boyle  Somerville  told  in 
Blackwood's  Magazine  in  1920  of  the  condi- 
tions which  he  found  when  he  took  over  a 
great  liner  as  an  armed  merchant  cruiser.  No 
proper  accommodations  for  civilized  seamen 
and  firemen  had  been  provided.  The  narrow 
depths  of  the  forecastle  sufficed;  no  place, 
this,  at  anj'  time,  for  men.  The  firemen  were 
in  the  deeper  depths  beneath.  "Round  the 
filthy  sides  of  each  den  there  were  riveted  as 
many  iron  bed-frames,  one  above  the  other,  as 
spaces  could  be  found  for  them,  to  the  num- 
ber of  about  fourteen.  Each  bed  contained 
its  proper  human  occupant,  dirty  and  sweaty. 


knives  or  forks,  no  table  on  which  to  lay 
them,  nor  even  a  bench  on  which  to  sit  down 
to  eat." 

Dr.  Home  gives  several  descriptions  of  ac- 
commodation for  seamen  in  ships  of  today, 
British  and  United  States  liners,  and  freight 
boats;  great  variety  exists,  but  even  the  best 
hardly  attain  a  reasonable  standard  of  hy- 
giene. The  provisions  of  the  Bill  presented 
to  the  House  of  Commons  in  1921  give  some 
indications  of  this  standard;  in  order  to  im- 
prove it  the  proposal  is  made  that  each  sea- 
man should  have  140  cubic  feet  of  space,  but 
space  for  mess-rooms,  bathrooms,  and  wash- 
ing places,  if  provided,  may  be  included  in 
the  140  cubic  feet!  A  death  rate  of  7.8  per 
thousand  for  the  merchant  service  is  com- 
pared with  3.3  for  the  navy  and  3.0  for  the 
array;  even  after  the  greater  age  of  the  sea- 
men is  allowed  for,  a  serious  surplus  remains. 
Apart  from  accidents — for  which  cause  of 
mortality  the  seaman  is  far  ahead  of  all  oc- 
cupations— respiratory     diseases,     especially 
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pneiuBonia  and  tuberculosis,  are  unusually 
prevalent  (see  table)  ;  the  latter  disease  is 
especially  rife  among  Lascar  seamen. 

Attention  is  directed  to  what  is  being  done 
for  factory  operatives  and  coal  miners;  and 
a  plea  is  entered  that  seamen  need  welfare 
accommodation  and  welfare  supervisors,  a 
welfare  fund  such  as  that  of  the  miners,  and 


compensation  for  tuberculosis  contracted  at 
sea.  They  need  good  ventilation,  and  warm 
and  dry  quarters.  Above  all  they  need  rea- 
sonable treatment  and  opportunities  for 
health}'  recreation  at  sea  and  in  port,  and 
last,  but  not  least,  continuous  service. — 
E.  L.  Collis. 
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GENERAL 


The  Work  op  the  Industrial.  Fatigue  Re- 
search Board  and  its  Applications  to  In- 
dustry. D.  R.  Wilson.  Jour.  Roy.  Soc.  Arts, 
Nov.  18,  1921,  70,  No.  3600,  3-20.— This  paper 
presents  a  bird's  eye  view  of  the  investigations 
which  have  been  made  in  England  by  the 
government  for  the  purpose  of  studying  the 
human  factor  in  industry.  Mr.  Wilson  points 
out  how'  precautions  to  protect  the  health  and 
safety  of  workers  have  now  been  extended 
through  attention  to  their  physiological  and 
psychological  response  to  industrial  environ- 
ment. The  methods  followed  have  been  the 
measurement  of  output,  of  morbidity  and 
mortality,  of  labor  turnover,  of  lost  time,  and 
of  accident  incidence.  Output  has  proved 
the  most  valuable  measurement  so  far,  but  the 
others  have  been  closely  studied.    Results  have 


been  obtained  which  throw  light  upon  opti- 
mum hours  of  work,  upon  impersonal  factors 
in  efiScieney,  such  as  temperature,  ventilation 
and  lighting,  and  upon  personal  factors,  such 
as  vocational  selection  and  motion  study. 
Excellent  diagi-ams  are  reproduced  showing 
hourly  rates  of  charging  blast  furnaces,  of 
output  in  silk  weaving,  and  of  innate  diurnal 
rhythm ;  other  diagrams  exhibit  variations  in 
output  throughout  the  week  in  diiferent  indus- 
tries. The  effect  of  seasonal  changes,  of  light- 
ing and  of  practice  are  also  shown.  Varia- 
tions in  output  due  to  these  different  influ- 
ences are  shown  to  be  far  more  than  sufficient 
to  make  an  industry  prosperous  or  the  reverse. 
The  Board  is  now  appealing  to  industries  in 
their  own  interests  to  come  forward  and  help 
in  this  work,  the  value  of  which  has  been  so 
incontestably  proved. 
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Mr.  Wilson  claims  that  the  -work  of  the 
Board  is  the  first  systematic  attempt  to  ascer- 
tain facts ;  that  it  has  a  direct  and  important 
bearing  on  the  increase  of  production;  that 
it  has  laid  bare  facts  deserving  of  immediate 
attention;  and  that  already  the  resiilts  are 
bearing  fruits.  Those  unacquainted  with  the 
work  of  the  Board  will  find  this  article  of 
great  value. — E.  L.  CoUis. 

Vocational  Guidance  (A  Review  of  the 
Literati-re).  B.  Muscio.  Indust.  Fatigue  Re- 
search Board,  Report  No.  12.  His  Majesty's 
Stationery  Office,  London,  1921,  pp.  57.— 
Among  the  factors  affecting  human  efficiency 
in  industry,  perhaps  one  of  the  most  import- 
ant is  some  method  of  ensuring  that,  so  far 
as  practicable,  every  worker  shall  be  placed 
ai  initio  in  an  occupation  for  which  he  is 
naturally  fitted.  The  high  labor  tui-nover 
commonly  occurring  among  beginners  em- 
ployed in  factories  tends  to  show  that  the 
initial  selection  of  an  occupation  is  often  a 
matter  of  chance,  and  that  any  permanent 
employment  .subsequently  obtained  is  only 
secured  after  a  process  of  trial  and  error. 
Apart  from  other  considerations,  there  can  be 
nothing  more  discouraging  than  the  realiza- 
tion that  a  long  period  of  training  has  only 
been  partly  effective  and  that  the  time  so 
spent  might  have  been  used  more  profitably  in 
another  sphere. 

The  recognition  of  these  facts  has  led  to 
the  development  in  recent  years  of  the  methods 
known  as  vocational  guidance.  Vocational 
guidance  may  be  defined  as  a  policy  that  at- 
tempts, on  a  scientific  basis,  to  guide  each  in- 
dividual into  an  occupation  for  which  his 
psychophysiological  constitution  fits  him,  and 
is  to  be  distinguished  from  vocational  selec- 
tion. The  former  results  from  asking :  For 
what  occupation  is  this  or  that  individual  best 
fitted?  The  latter  results  from  asking:  Is 
this  or  that  individual  fitted  for  this  particular 
occupation?  The  former  question  places  at 
least  as  much  emphasis  on  the  needs  of  the 
individual  as  on  the  needs  of  industry;  the 
latter  emphasizes  the  need  of  a  particular  in- 
dustry. 

It  has  been  urged  in  favor  of  vocational 
guidance  that  adaptation  of  the  worker  to  his 
work  on  the  basis  of  natural  fitness  may  be 
expected  (a)  to  effect  a  decrease  of  inditstrial 
fatigue ;  (b)  to  bring  about  an  increase  in  out- 


put; (c)  to  produce  a  situation  in  which  the 
worker  finds  more  interest  in  his  work;  (d) 
to  reduce  labor  turnover;  and  (e)  to  reduce 
the  number  of  industrial  accidents,  partly  by 
lessening  labor  turnover,  and  partly  by  guid- 
ing those  who  are  naturally  likely  to  have 
accidents  into  occupations  in  which  accidents 
are  impossible. 

Methods  in  Vocational  Investigations. — 
The  currently  accepted  method  for  deter- 
mining the  psychophysiological  capacities 
required  in  a  given  occupation  is  as  fol- 
lows :  Groups  of  persons  engaged  in  the  occu- 
pation and  representing  different  grades  of 
efficiency  are  given  a  number  of  tests,  the  re- 
sults of  which  are  compared  with  work  records 
by  the  method  of  correlation.  Probably  the 
chief  difficulty  to  be  overcome  in  carrying  out 
this  procedure  is  that  of  obtaining  a  reliable 
efficiency  grading  for  the  occupation. 

The  choice  of  the  tests  to  be  used  in  any 
given  case  has  been  guided  by  a  variety  of 
considerations.  The  different  procedures  by 
which  the  desired  information  may  be  obtained 
have  been  classified  as  follows :  (a)  The  ex- 
perimenter may  use  sample  tests :  that  is, 
standardized  samples  of  the  actual  work  may 
be  used  as  tests,  (b)  He  may  use  analogous 
tests :  here  the  test  is  no  part  of  the  actual 
work  but  is  modelled  on  it  and  is  similar  to  it. 
(c)  He  may  first  observe  the  occupation  and 
analyze  it  into  its  psychophysiological  or  neu- 
romiLscular  elements,  and  then  give  standard 
tests  for  each  of  these  elements,  (d)  Or,  final- 
ly, a  very  empirical  method  may  be  used :  the 
experimenter  maj^  give  a  number  of  tests 
chosen  at  random  and  simply  accept  as  good 
tests  those  which  yield  large  correlation  co- 
efficients with  efficiency  in  the  occupation.  In 
practice,  this  fourth  procedure  is  usually  more 
or  less  similar  to  the  third,  since  practical 
reasons  always  demand  some  limitation  of  the 
number  of  tests  used. 

It  has  sometimes  been  urged  that  vocational 
aptitudes  are  determined  not  so  much  by  the 
possession  or  lack  of  special  mental  or  phys- 
iological capacity  as  by  general  emotional 
and  temperamental  qualities.  A  few  attempts 
have  been  made  to  determine  whether  interests 
could  be  made  the  basis  of  vocational  guidance. 
The  results  obtained  by  dift'erent  investigators, 
however,  are  very  conflicting.  There  is  the 
difticulty  of  estimating  the  intensity  of  an 
interest,  the  psychological  facts  of  competing 
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interests,  the  relatively  fleeting  character  of 
many  interests,  and  the  fact  that  many  occu- 
pations excite  little  or  no  interest.  When  it 
is  added  that  the  relation  of  interest  to 
capacity  is  ambiguous,  and  that  a  youth's  in- 
terests are  often  a  consequence  of  insufficient 
knowledge  about  occupations,  it  seems  clear 
that  little  use  can  be  made  of  interest  by 
vocational  guidance.  It  is  generally  recog- 
nized, however,  that  temperamental  factors  are 
very  important,  and  their  relation  to  different 
occupations  is  urgently  iu  need  of  investiga- 
tion. 

Special  Investigations. — Detailed  accounts 
are  given  of  all  the  past  investigations 
that  have  been  carried  out  on  vocational 
guidance.  The  occupations  studied  include 
clerical  work,  engineering  and  metallurgical 
work,  music,  printing,  salesmanship,  tele- 
graphy, telephone  operation,  transport  work, 
and  a  few  miscellaneous  occupations. 

Future  Investigations. — While  the  investi- 
gations reviewed  suggest  that  a  scientific 
vocational  guidance  policy  is  certainly  pos- 
sible, it  is  difficult  to  assess  the  value  of 
many  of  the  results.  The  investigations  not 
infrequently  give  the  impression  of  somewhat 
rough  and  ready  attempts  to  solve  practical 
problems;  and  there  is  sometimes  about  them 
an  air  of  accidentalism  both  as  regards  the 
person  upon  whom  tests  were  made  and  also 
as  regards  the  tests  that  have  been  used.  Dif- 
ferent investigators,  attempting  to  discover 
the  capacities  required  for  the  same  occupa- 
tion, have  sometimes  obtained  significant  posi- 
tive correlation  coefficients  with  very  different 
tests.  In  such  instances,  the  conclusions  of 
the  investigators  are  probably  individually 
one-sided  and  need  to  be  combined. 

What  seems  necessary  now  is  a  far  more 
systematic  and  sustained  investigation  into 
the  capacities  required  for  different  occupa- 
tions than  has  hitherto  been  attempted.  If  a 
sound  basis  is  to  be  obtained  for  vocational 
guidance,  occasional  investigations  of  the  type 
reviewed,  the  possibility  of  which  depends 
upon  the  willingness  of  a  few  employers  and 
groups  of  workers  to  co-operate  with  the 
scientific  investigator,  while  suggestive  and 
useful  up  to  a  certain  point,  are  insufficient. 

A  more  adequate  method  of  investigation 
suggests  itself.  Large  numbers  of  young  per- 
sons who  are  about  to  enter  industry  might 


receive  a  thorough  psychophysiological  ex- 
amination. As  far  as  possible,  they  should 
be  re-examined  annually  for  several  years, 
first  to  guard  against  errors,  always  possible 
in  a  single  examination,  and,  secondly,  to  de- 
termine what  changes,  if  any,  are  produced  in 
the  ability  to  carry  out  different  tests  by  work- 
ing at  different  occupations.  During  a  period 
of  from  seven  to  ten  years,  an  exact  record 
should  be  kept  of  the  industrial  history  of 
those  who  are  examined,  and  their  success  or 
failure  in  different  occupations  should  be  cor- 
related with  their  psychophysiological  consti- 
tution. Within  a  decade  an  investigation  of 
this  nature,  if  carried  out  systematically  and 
extensively,  should  lay  a  satisfactory  scientific 
foundation  for  a  national  vocational  guidance 
policy. 

The  points  to  be  emphasized  concern:  (1) 
the  exact  nature  of  the  problems  to  be  investi- 
gated; and  (2)  the  method  of  investigation. 

In  view  of  the  investigations  above  reviewed, 
the  problems  may  be  stated  as  follows:  (a)  to 
determine  the  general  intelligence  level  re- 
quired by  each  occupation;  (b)  to  determine 
the  special  capacities  (including  physiological 
characteristics)  required  by  each  occupation; 

(c)  to  determine  the  relation  of  temperamental 
qualities  to  efficiency  in  different  occupations. 

Concerning  general  methods,  it  is  suggested : 

(d)  that  investigations  similar  in  type  to  those 
reviewed  should  be  carried  out  in  as  large  a 
variety  of  occupations  as  possible;  (e)  that, 
in  addition,  extensive  investigations,  to  be 
continued  over  a  number  of  years,  should  be 
inaugurated,  for  the  purpose  of  making  psy- 
chophysiological measurements  of  young  per- 
sons in  different  occupations  and  of  comparing 
such  measurements  with  occupational  records. 

The  report  concludes  with  a  valuable  biblio- 
graphy of  English  and  foreign  literature  deal- 
ing with  the  subject. — D.  K.  Wilson. 

Report  of  the  Division  of  Industrial 
Safety.  Reprinted  from  Ann.  Rep.  Mass. 
State  Dept.  Labor  and  Industries,  Boston, 
1921,  pp.  83.  — The  work  of  the  former 
Board  of  Labor  and  Industries  is  continued 
in  the  Division  of  Industrial  Safety  of  the 
new  Department  of  Labor  created  under 
chapter  350  of  the  General  Acts  of  1919. 
The  duties  of  the  Division  include  the  ad- 
ministration of  the  laws  regarding  the  em- 
ployment of  women  and  minors;  regulating 
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labor  on  public  worlvS :  providing  for  the 
adequate  lighting,  ventilating  and  sanitation 
of  industrial  establishments ;  providing  for 
the  guarding  of  dangerous  machinery;  reg- 
ulating tenement -house  work;  and  the  ad- 
ministration of  such  general  labor  laws  as 
those  regarding  one  day's  rest  in  seven,  the 
weekly  payment  of  wages  and  advertising 
for  employees  during  strikes. 

The  report  gives  in  detail  an  account  of 
the  work  of  inspection,  the  number  of  visits, 
and  the  testing  of  the  "block  system;"  and 
there  are  sections  on  hours  of  employment 
for  women  and  minors,  industrial  safety, 
building  trades,  new  rules  for  woodworking 
machinery,  safeguarding  of  machinery  by 
manufacturers,  hoods  for  grinding  wheels, 
industrial  health,  occupational  diseases  (lead 
poisoning,  anthrax,  dermatitis,  poisoning  by 
gas  and  fumes),  courses  in  industrial  hy- 
giene at  Harvard  Medical  School,  special 
investigations,  health  hazards  in  the  gran- 
ite-cutting industry,  health  of  women  and 
minors  in  laundries,  accident  prevention, 
the  transportation  industry,  licenses  for 
home  work,  hours  for  public  employees,  and 
weekly  payment  of  wages.  An  appendix  of 
about  forty-five  pages  contains  a  tabulated 
report  of  home  permits,  employment  certifi- 
cates and  educational  certificates  issued  dur- 
ing 1920. 

Many  facts  of  general  interest  from  the 
point  of  view  of  industrial  hygiene  may  lie 
gleaned  from  the  report : 

During  the  year  about  4,000  orders  deal- 
ing with  hazards  found  in  the  various  in- 
dustries were  issued.  The  "significance  of 
these  figures  is  more  fully  realized  when 
it  is  understood  that  in  a  large  manufactur- 
ing establishment  the  issuance  of  a  single 
order  frequently  results  in  removing  many 
hazards." 

There  were  more  than  3,000  taliulatable 
accidents  in  the  building  trades  of  the  state 
in  the  year  ending  June  30,  1019,  and  now 
four  inspectors  are  giving  their  time  to 
securing  compliance  with  rules  and  regula- 
tions for  the  prevention  of  accidents  in 
building  operations.  The  regulations  require 
firms  engaged  in  painting  to  register  with 
the  Department,  and  much  has  been  done 
to  prevent  the  use  of  bad  stagings. 

Accidents  of  the  most  serious  kind   occur 


in  the  use  of  grinding  wheels  covered  with 
cast-iron  hoods.  A  east-iron  hood  will  not 
hold  parts  of  broken  wheels.  Steel  hoods 
prevent  accidents.  A  grinding  wheel  safety 
code  is  now  in  process  of  preparation,  and 
some  tentative  rules  are  reported.  It  is 
advised  that  hoods  be  mounted  so  as  to  main- 
fain  alignment  with  wheels,  the  fastenings 
to  have  ample  strength  to  minimize  displace- 
ment in  case  of  wheel  breakage. 

It  is  said  that  despite  work  done  in  re- 
gard to  first-aid  equipment,  infection  from 
minor  injuries  seems  to  be  on  the  increase, 
and  the  statistics  show  that  during  the  year 
there  were  5.603  cases  of  infection,  eighteen 
fatal,  and  twenty-seven  causing  permanent 
partial  disability.  The  principle  of  first- 
aid  treatment  is  not  successful  without  tlie 
real  co-operation  of  the  emploj'ees. 

During  the  year,  eighteen  cases  of  anthrax 
have  been  reported  and  have  been  investi- 
gated. Usually  in  plants  where  there  is 
danger  of  infection,  good  first-aid  rooms  are 
provided  and  foremen  are  instructed  to  re- 
port all  cases  of  cuts,  bruises  or  abrasions 
of  the  skin  and  to  require  employees  to  re- 
port for   medical  treatment. 

Fifty  cases  of  lead  poisoning  have  been 
investigated.  Attention  is  called  to  the  haz- 
ard of  scouring  automobile  bodies  with  sand- 
pa])er  after  the  priming  coat  has  been  ap- 
plied, and  to  the  possibility  of  absorption 
of  lead  through  the  skin  in  some  kinds  of 
work. 

"Xew  conditions  in  the  industrial  world 
have  contributed  to  make  fume  and  gas 
poisoning  a  serious  problem  in  connection 
with  the  general  health  of  employees  in  cer- 
tain types  of  establishments."  The  manu- 
facture of  dyes,  coal  tar  products  and  ben- 
zene is  often  carried  on  without  much  pro- 
tection. Suitable  exhausts,  and  provision  of 
sanitary  and  washing  facilities  are  neces- 
sary. 

Special  investigation  was  made  of  the  ef- 
fect of  different  processes  in  the  manufac- 
ture of  tobacco  upon  the  health  of  employees. 
The  effect  upon  beginners  and  upon  minors, 
llie  danger  of  tuberculosis  and  other  respi- 
ratory diseases,  occupational  neuroses^  der- 
matitis, toxic  aml)lyopia,  and  the  general 
effect  on  the  health  of  women,  especially  with 
regard  to  the  genital  system,  were  consid- 
crc,!. 
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The  health  hazards  in  the  granite-cutting 
industry  were  also  given  especial  attention. 
The  introduction  of  compressed-air  surfac- 
ing niachinerj-  with  the  use  of  pneiunatic 
tools  has  increased  the  hazards  in  this  in- 
dustry by  generating  a  powdery  dust  which 
is  easily  inhaled.  In  the  finer  work  the  face 
is  brought  close  to  the  point  of  operation, 
thus  increasing  the  risk.  Portable  exhaust 
.systems  can  be  made  to  remove  the  dust. 


The  wet  wash  laundrj',  the  latest  develop- 
ment in  this  industry,  is  usually  carried  on 
under  bad  conditions,  with  crowding  of 
machinery  and  inadequate  provision  for  the 
disposing  of  waste  water  and  steam. 

Jlore  fatal  accidents  take  place  among 
employees  in  the  transportation  industry 
than  in  any  other.  Of  a  total  of  376  fatal 
accidents  in  the  state  during  the  year,  102 
were  in  this  industry. — G.  E.  Partridge. 
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Experimental  Tar  Cancer.  B.  Block  and 
W.  Dreifuss.  Abstracted  as  follows  from 
Schweiz.  med.  Wchnschr.,  Nov.  10,  1921,  51, 
No.  45,  1033,  in  Jour.  Am.  Med.  Assn.,  Jan. 
14,  1922,  78,  No.  2,  152.— "Bloch  and  Dreifuss 
were  conducting  research  in  this  line  in  1912, 
and  resumed  it  in  1920.  They  experimented 
with  rabbits,  guinea-pigs  and  white  mice. 
Their  results  with  rabbits  were  like  those  pub- 
lished by  the  Japanese  investigators  in  this 
line,  but  the  cancers  induced  in  white  mice 
surpassed  them  in  every  respect.  Guinea-pigs 
have  proved  refractory  to  date.  The  special 
feature  of  their  research  is  that  they  experi- 
mented with  the  different  elements  of  the  coal 
tar,  as  well  as  the  whole  tar,  painting  the 
back  of  the  white  mouse  with  the  substance 
daily  for  160  days  or  more.  The  tumors  con- 
tinue to  grow  in  diameter  and  depth  after  the 
applications  have  been  suspended,  and  meta- 
static tumors  were  found  in  axillary  and  in- 
guinal glands  and  in  the  lungs.  Thej-  found 
up  to  20  metastatic  nodules  in  one  lung,  and 
this  lung  metastasis  was  evident  in  30  to  40 
per  cent,  of  the  mice  that  lived  long  enough. 
Their  experiments  with  the  different  elements 
of  the  tar  demonstrated,  they  say,  that  the 
cancer-inducing  fraction  is  a  substance  with  a 
boiling  point  of  over  300°  C.  freed  from  the 
bases,  phenols,  etc.,  that  boil  at  a  low  tempera- 
ture. It  is  effectual  even  after  distillation, 
inducing  in  four  months  in  100  per  cent,  ex- 
tensive and  rapidlygrowing  malignant  tumors. 
The  work  was  done  at  the  dermatologic  clinic 
at  Zurich  of  which  Bloch  is  chief." — C.  K. 
Drinker. 


("EXTRAL  NERVOUS  SYSTEM 

The  Neuroses  and  the  Industrial  Com- 
mission. Lewis  J.  Pollock.  Nation's  Health, 
Jan.  15,  1922,  4,  No.  1,  40-42.— In  this  paper 
the  author  discusses  at  some  length  the  trau- 
matic hysteria  which  frequently  results  from 
an  industrial  accident.  Hysteria  following 
injury  may  be  due  to  several  causes:  "(1) 
fear  of  being  severely  injured,  unable  to  re- 
sume occupation  and  support  of  family  with 
ensuing  desire  for  pension;  (2)  resentment 
and  desire  for  compensation,  and  rarely  for 
causes  not  associated  with  either  of  these  two, 
such  as  would  have  produced  hysteria  had  any 
other  'accident'  than  injury  occurred. 

"Is  it  meant  by  this  that  these  patients  are 
faking,  putting  this  on,  that  they  hypothecate 
their  illness?  It  is  not.  They  suffer  just  as 
much  as  if  they  were  disabled  from  organic 
causes.  Is  the  condition  imagined?  It  is  not. 
.  .  .  The  symptoms  are  real  enough,  but  they 
occur  only  because  of  suggestion,  not  because 
of  injury  or  shock.  Usually  the  patient  is  in- 
jured or  is  in  an  accident,  he  experiences  some 
pain  or  slight  disability,  he  is  fearful  lest  it 
be  serious,  he  becomes  introspective,  attentive 
to  himself,  sensations  which  formerly  he  would 
dismiss  are  now  indicative  of  serious  ailment. 
His  friends  ask  him  innumerable  questions 
with  entailing  suggestions.  An  enforced 
period  of  idleness  occurs.  He  is  examined  by 
physicians,  who,  by  injudicious  questions,  sug- 
gest new  symptoms.  He  is  fearful  lest  he  be 
unable  to  resume  his  occupation  and  support 
his  family.    Here  in  short  is  a  well  prepared 
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field  for  the  development  of  severe  signs  of 
hysteria.  He  seeks  compensation  and  legal 
advice  and  forthwith  a  hysteria  develops.  It 
does  not  occur  immediately  after  accident,  it 
occurs  following  a  latent  period  during  which 
time  suggestion  has  had  an  opportunity  to 
act. ' ' 

Such  a  man  is  not  a  malingerer.  Malinger- 
ing is  a  "wilful  imitation  of  disease  for  the 
purpose  of  gain.  .  .  .  Although  back  of  both 
conditions  there  is  an  illicit  motive,  the 
hysterical  patient  is  not  aware  of  it. ' ' 

What  relation  does  compensation  bear  to 
hysteria  ?  "  It  is  the  opinion  of  contemporary 
neurologists  that  were  it  not  for  possibility  of 
compensation  the  traumatic  neuroses  would 
practically  not  exist. 

"Litigation  holds  out  promise  of  reward 
and  fosters  the  neuroses.  Prolonged  litigation 
prolongs  the  duration  of  a  neurosis  and  pro- 
longed forms  of  compensation  work  to  the 
same  end.  ...  As  soon  as  it  is  recognized 
that  immediate  final  settlement  cures  a 
hysteria,  it  wiU  be  found  that  the  amount  of 
expense,  otherwise  prolonged,  will  be  reduced. 
The  quicker  the  patient  recovers,  whatever 
the  initial  cost,  the  less,  in  my  opinion,  will  be 
the  expense.  Certainly  an  early  and  final 
settlement  is  the  only  just  procedure  for  such 
a  case.  In  addition  to  this  several  essential 
features  in  the  handling  of  such  a  case  stand 
out;  an  early  and  correct  diagnosis  by  com- 
petent observers,  avoidance  of  careless  exam- 
inations and  ignorant  diagnoses,  a  quick  re- 
turn to  some  form  of  work,  and  avoidance  of 
prolonged  litigation  and  its  ensuing  chances 
for  suggestions  and  fixation,  particularly  when 
the  patient  is  an  observer  of  the  trial  of  his 
case." — Katherine  R.  Drinker. 


MENTAL 

Hygiene  of  the  ]\Iind.  L.  Bianchi.  Ab- 
stracted as  follows  from  Eiforpia  Med.,  Dec. 
3,  1921,  37,  Xo.  49,  1141,  in  Jour.  Am.  Med. 
Assn.,  Feb.  11,  1922,  78,  No.  6,  474.— "In 
this  opening  lecture  of  the  course  on  nervous 
and  mental  diseases,  Bianchi  emphasized 
among  other  things  the  stabilizing  effect  of 
work  on  the  mind,  and  deplored  the  prevail- 
ing conception  that  the  fewer  hours  we  have 
to  work  the  better  off  we  are.  'This  is  the 
view  which  politicians  and  labor  leaders — 
to  promote  their  own  selfish  interests — are 
impressing  on  the  public.  The  result  is  that 
the  shoi-tening  of  the  hours  of  labor,  instead 
of  giving  leisure  for  home  duties  and  family 
life,  is  deteriorating  character  and  mental 
health  as  the  free  hours  are  devoted  to  loaf- 
ing. Work — the  great  stabilizer  of  the  nerv- 
ous system — is  abhorred  and  shirked  more 
and  more — a  sad  perversion  of  the  ideal 
aimed  at  in  the  early  agitation  for  the  eight 
hour  day.'  Nervous  disease  is  becoming 
more  and  more  prevalent,  and  the  number 
of  the  insane  has  trebled  in  the  last  twenty 
years.  Physicians  should  be  on  the  lookout 
for  anomalies  in  character  as  well  as  in  the 
blood  or  tissues.  He  says  that  his  forty 
jears  of  practice  have  demonstrated  that 
anomalies  in  character  in  children  can  be 
effectually  combated  by  wise  management 
and  hygiene,  either  in  the  home  or  with  some 
wise  and  patient  teacher.  Those  children 
that  failed  to  get  this  favorable  environment 
or  were  sent  to  a  large  school  where  all  were 
treated  alike,  had  their  abnormal  traits  in- 
tensified, and  grew  up  to  be  candidates  for 
the  reform  school  or  asylum."  —  C.  iv. 
Drinker. 


POISONOUS     HAZARDS    AND  THEIR    EFFECTS: 
CHEMICALS,  ETC. 


GASES, 


Gas  Masks  for  Gases  Met  in  Fighting 
FiEES.  A.  C.  Fieldncr,  S.  H.  Katz,  and  S.  P. 
Kinney.  U.  S.  Bur.  Mines,  Tech.  Paper  248, 
Aug.,  1921,  pp.  61. — This  report,  which  is 
weU  supported  by  a  bibliography  and  a  very 
complete  index,  sets  forth  in  simple  technical 
and  non-technical  language  the  advantages 
and  disadvantages,  under  very  definite  condi- 
tions, of  a  modified  type  of  United  States 


Army  gas  mask  for  use  in  fighting  fires  of 
various  origins. 

It  is  pointed  out  that  of  the  combustion 
products  of  explosives  and  fuels,  both  liquid 
and  solid,  carbon  monoxide  is  the  most  dan- 
gerous and  is  not  absorbed  by  the  present  type 
of  army  gas  mask.  A  new  mask  and  absorbent 
now  being  devised  will,  it  is  believed,  be 
effective  against  this  gas,  as  well  as  against 
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the  other  gases  usually  encountered  in  fight- 
ing fires.  From  a  physiological  standpoint 
carbon  monoxide  and  the  oxides  of  nitrogen 
are  the  most  dangerous  and  consequently  the 
most  important  gases  to  the  fire  fighter.  The 
safest  means  at  present  of  obviating  the  effects 
of  these  two  gases  is  by  the  use  of  oxygen  or 
air  breathing  apparatus,  although  this  is  cum- 
bersome and  not  popular  with  firemen. 

The  present  armj-  gas  mask  effectively  ab- 
sorbs the  following  products  resulting  from 
the  heating  of  carbon  tetrachloride  when  used 
as  a  fire  extinguisher :  chlorine,  sulphur  diox- 
ide, vapors  of  ammonia,  acetone,  alcohols, 
aniline,  chloroform,  ether,  toluene,  benzene, 
carbon  disulphide,  carbon  tetrachloride,  for- 
maldehyde, turpentine,  phosgene  and  hydro- 
chloric acid  gas.  Carbon  monoxide,  illuminat- 
ing gas  as  containing  physiologically  danger- 
ous percentages  of  carbon  monoxide,  nitrogen 
oxides,  gasoline  and  petroleum  vapors  are  best 
obviated  by  the  use  of  oxygen  i"espirators,  or 
gas  masks  to  which  a  source  of  pure  air  is 
connected  by  non-collapsible  rubber  tubing. 

Several  types  of  gas  masks  and  of  air  and 
oxygen  breathing  apparatus  are  described  and 
illustrated.  The  preparation  of  absorbents  for 
cannisters  is  dealt  with  and  their  respective 
limitations  pointed  out.  Highly  activated 
charcoal,  soda  lime,  silica-gel  as  an  ammonia 
absorbent,  as  well  as  salt  hj^drates  of  copper, 
cobalt  and  nickel  with  silica-gel,  are  described 
in  detail. 

Experiments  with  incompletely  burned  fires 
in  closed  spaces  are  tabulated,  with  analyses 
of  the  gases  resulting.  Specifications  for  fire 
fighters'  masks  are  appended,  with  a  table  of 
thirty-six  gases  most  commonly  encountered 
in  fire  fighting,  and  a  list  of  Bureau  of  Mines 
publications  relating  to  this  general  subject. — 
Philip  Drinker. 

The  Catalytic  Oxidation  of  Carbon 
Monoxide.  T.  H.  Rogers,  C.  S.  Piggot,  W.  H. 
Bahlke,  and  J.  M.  Jennings.  Jour.  Am.  Chem. 
Soc,  Sept.,  1921,  43,  No.  9,  1973-1982.— This 
research  was  undertaken  for  the  Chemical 
Warfare  Service  for  the  purpose  of  providing 
a  gas  mask  ingredient  which  would  be  a  suit- 
able oxidizing  agent  against  carbon  monoxide. 
The  most  satisfactory  mixture  was  found  to  be 
manganese  dioxide  with  silver  or  copper  oxide, 
or  both.  Water  vapor  was  found  to  exert  an 
appreciable  effect  on  the  life  of  the  catalysts. 


Persons  interested  in  the  subject  of  indus- 
trial respirators  are  referred  to  the  reviews  of 
articles  by  Levy  and  West,  and  Desgrez,  Guil- 
lemard,  Hemmerdinger  and  Labat,  which  ap- 
peared on  pages  247  and  248  of  the  abstract 
section  of  the  March  issue  of  this  Journal. — 
Philip  Drinker. 

The  Catalytic  Oxidation  of  Carbon 
Monoxide  at  Ordinary  Temperatures.  D.  J. 
Merrill  and  C.  S.  Scalionc.  Jour.  Am.  Chem. 
Soc,  Sept.,  1921,  43,  No.  9,  1982-2002.— This 
is  a  report  of  a  Chemical  Warfare  Service  in- 
vestigation on  the  development  of  a  suitable 
catalj'tic  mixture  for  use  as  an  oxidizing  agent 
for  carbon  monoxide.  The  authors  found  the 
two  most  satisfactoi'y  mixtures  to  be  man- 
ganese dioxide  and  basic  copper  carbonate, 
and  manganese  dioxide,  copper  oxide,  cobal- 
tic  oxide,  and  silver  oxide,  respectively.  The 
use  of  a  drying  agent,  such  as  calcium  chloride, 
is  pointed  out,  and  the  various  factors  in- 
fluencing the  activity  of  the  catalysts  are  dis- 
cussed.— Philip  Drinker. 

Carbon  Monoxid  Poisoning.  H.  Giinther. 
Abstracted  as  follows  from  Ztschr.  f.  klin. 

Med.,  Nov.  15,  1921,  92,  No.  1-3,  41,  in  Jour. 
Am.  Med.  Assn.,  Feb.  4,  1922,  78,  No.  5,  396. 
— "Giinther  found  evidence  of  polyneuritis 

from  illuminating  gas  poisoning  in  about  1 
per  cent,  of  the  215  cases  at  the  Leipzig  med- 
ical clinic  in  the  last  thirty  years.  Hemor- 
rhagic polymyositis  was  noted  in  three  cases, 
accompanied  bj'  elimination  of  a  peculiar 
pigment  in  the  urine  in  the  one  fatal  case."' 
— C.  K.  Drinker. 

Methane  in  California  Gold  Mines.  B. 
0.  Pickard  and  E.  D.  Gardner.  U.  S.  Bur. 
Mines,  Reports  of  Investigations,  Serial  No. 
2303,  Dec,  1921.— The  authors  describe  the 
occurrence  of  methane  in  certain  California 
gold  mines,  the  geology  of  its  formation,  and 
its  detection  and  properties.  They  refer  to 
eleven  Bureau  of  Mines'  circulars  relating 
to  this  gas. — Philip  Drinker. 

The  Determination  op  Oxides  op  Nitro- 
gen. V.  C.  Allison,  W.L.  Parker,  and  G.  W. 
Jones.  U.  S.  Bur.  Mines,  Tech.  Paper  249, 
Sept.,  1921,  pp.  13. — This  pamphlet  discusses 
the  physiological  effects  of  oxides  of  nitrogen, 
the  sampling  of  gases  containing  these  oxides, 
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and  their  quantitative  determination  by  the 
di-phenyl  sulphonie  acid  method.  It  is  pointed 
out  that  there  is  no  advantage  in  determining 
nitric  and  nitrous  oxides  separately,  since  the 
former  is  ultimately  oxidized  to  nitrogen  per- 
oxide in  the  presence  of  oxygen  and  then 
forms  nitrous  and  nitric  acids  in  the  presence 
of  water  vapor.  The  authors  claim  that  10 
parts  of  oxides  of  nitrogen  as  nitrate  could  be 
detected  in  1,000,000  parts  of  the  air  oxides 
of  nitrogen  mixture,  with  an  accuracy  of  5 
or  6  parts  per  million. — Philip  Drinker. 

Blood  in  Tetrachlorethane  Poisoning. 
O.  R.  Minot  and  L.  W.  Smith.  Abstracted  as 
follows  from  Arch.  Int.  Med.,  Dec.,  1921,  28, 
No.  6,  687,  in  Jour.  Am.  Med.  Assn.,  Jan.  14, 
1922,  78,  No.  2,  146.— "A  study  by  Minot 
and  Smith  of  the  blood  of  sixty-eight  persons 
exposed  to  a  greater  or  lesser  degree  to  tetra- 
chlorethane, indicates  that  blood  examination 
is  of  value  in  the  prevention  of  tetrachlor- 
ethane poisoning  and  in  the  diagnosis  and 
prognosis  of  poisoning  by  this  substance.  The 
blood  changes  usually  can  be  observed  before 
clinical  symptoms  develop.  The  blood  ab- 
normalities include  (a)  a  progressive  increase 
of  large  mononuclear  cells,  often  reaching 
40  per  cent.  This  is  the  most  important 
change,  (b)  The  appearance  of  many  im- 
mature large  mononuclears.  (c)  A  slight 
elevation  in  the  white  count,  (d)  A  pro- 
gressive but  slight  anemia,  (e)  A  slight  in- 
crease in  the  number  of  platelets.  A  per- 
centage of  large  mononuclear  white  cells 
above  12  is  the  first  sign  of  a  reaction  to 
tetrachlorethane,  and  is  a  signal  for  close 
observation  of  that  person.  The  presence  of 
a  considerable  number  of  young  large  mo- 
nonuclear cells,  some  formed  and  many 
broken,  is  to  be  considered  as  indicating  a 
severer  condition  than  when  the  same  number 
of  more  mature  large  mononuclears  are  pres- 
ent."— C.  K:  Drinker. 


Experimental  Poisoning  with  Picric 
Acid.  Candela  and  Amelio.  II  Lavoro,  Nov. 
30,  1921,  12,  No.  7,  213-214.— In  certain  ani- 
mals, for  example  guinea-pigs,  it  is  impos- 
sible to  produce  icterus  by  administering 
picric  acid,  although  there  is  a  marked  toxic 
effect.  In  others,  such  as  dogs,  striking  icterus 
is  produced  which  is  hematogenous  in  nature. 
Applymg  these  results  to  picric  acid  poison- 
ing in  man,  it  can  be  seen  that  they  throw 
doubt  on  the  theory  that  the  yellow  tint  of 
the  skin  is  to  be  attributed  solely  to  the  affin- 
ity of  picric  acid  for  the  cells  of  the  cutis. 
Examination  of  the  urine  shows  only  traces 
of  urobilin  and  biliary  pigments  as  is  usually 
true  in  hemolytic  jaundice  in  man,  which 
fact  seems  to  point  to  the  conclusion  that  in 
man,  as  in  dogs,  the  jaundice  of  picric  acid 
poisoning  is  a  hemolytic  jaundice.  In  cases 
of  icterus  of  this  character  it  is  important 
to  remember  that  the  individual  maj'  have 
a  predisposition  to  erythrocytic  fragility 
which  is  perhaps  not  as  infrequent  as  has  been 
supposed. — Alice  Hamilton. 

Treatment  of  Acute  Phosphorus  Poi- 
soning. H.  V.  Atkijison.  Abstracted  as  fol- 
lows from  Jour.  Lab.  and  Clin.  Med.,  Dec, 
1921,  7,  No.  3,  148,  in  Jour.  Am.  Med.  Assn., 
Jan.  21.  1922,  78,  No.  3,  244.— "  Atkinson 
asserts  that  liquid  petrolatum  given  one 
hour  after  taking  phosphorus  furnishes  com- 
plete protection  against  the  onset  of  harm- 
ful symptoms.  Liquid  petrolatum  is  physio- 
logically inert  and  acts  entirely  by  reason 
of  its  physical  properties.  Its  use  is  recom- 
mended in  the  treatment  of  phosphorus  poi- 
soning. Since  liquid  petrolatum  is  a  harm- 
less and  non-irritating  cathartic,  it  may  be 
used  to  delay  absorption  from  the  intestine 
in  many,  perliaps  all.  cases  of  poisoning." 
— C.  K.  Drinker. 


DUST  HAZARDS  AND  THEIR  EFFECTS 


AiTTOMATic  Filter  for  the  Measurement 
OF  Suspended  Impurity  in  the  Air.  J.  S. 
Owens.  Jour.  Roy.  San.  Inst.,  Jan.,  1922, 
42,  No.  4,  2(),')-2fi8. — Dr.  Owens  describes  an 
automatic    filter   which   he   has   designed   for 


the  air.  The  apparatus  is  essentially  an 
automatic  aspirator  by  means  of  which,  at 
regular  intervals  of  time,  which  may  be 
varied  in  length  at  will,  a  fixed  volume  of 
air   is   drawn   through   a   filtering   paper  of 


the  measurement  of  suspended  impurity  in      sufficiently  fine  texture  to  collect  on  its  sur- 
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face  the  whole  of  the  dirt  in  the  air  in  the 
form  of  a  discolored  patch  which  can  be 
interpreted  later.  This  is  combined  with  a 
clock-work  arrangement  for  moving  the 
paper  after  each  record  is  taken,  so  that  a 
fresh  filtering  area  is  brought  into  position 
for  the  next  record,  and  the  time  of  each 
record  is  registered.  The  filter  paper,  which 
is  in  the  form  of  a  disk  and  is  separated  into 
twenty-four  hourly  divisions,  rotates  with 
the  clock.  At  regular  intervals  air  is  drawn 
through  a  patch  of  the  paper.  In  action  the 
volume  of  air  drawn  through  the  paper  at 
each  operation  is  exactly  two  liters  at  atmos- 
pheric pressure — a  volume  which  has  been 
found  quite  convenient.  Each  record  is  in- 
terpreted by  comparing  the  blackness  with 
a  standard  scale  of  shades  calibrated  by  com- 
parison with  larger  paper  filter  records,  the 
deposit  on  which  has  been  actually  weighed. 
The  scale  of  shades  consists  of  squares  num- 
bered from  1  to  20,  of  even  gradation  of 
shade  from  white  to  nearly  black.  The 
matching  presents  little  difficulty  and  results 
can  be  expressed  in  absolute  units,  each  shade 
having  been  found  to  represent  0.32  mg.  of 
dirt  per  cubic  meter,  which  is  equivalent  to 
0.54  pounds  per  million  cubic  yards.  The 
only  attention  which  the  instrument  requires 
is  the  changing  of  the  paper  di.sk  once  every 


twenty-four  hours,  and  the  daily  winding  of 
the  clock.— E.  L.  Collis. 

Pneumonoconiosis  and  Asthma  in  S.\w 
Mill  Workmen.  K.  Gade.  Abstracted  as 
follows  from  ifiinchen.  med.  Wchnschr.,  Sept. 
9,  1921,  68,  No.  36,  1144,  in  Jour.  Am.  Med. 
Assn.,  Jan.  7,  1922,  78,  No.  1,  76.— "Gade 
states  that,  while  pneumonoconiosis  resulting 
from  the  inspiration  of  coal,  metal,  and  min- 
eral dust,  and  of  vegetable  material,  in  the 
form  of  flour  and  tobacco  dust,  has  received 
widespread  consideration  in  the  literature, 
little  has  been  said  about  analogous  diseases 
resulting  from  breathing  in  the  dust  of  wood 
fiber  in  saw  mills,  planing  mills  and  similar 
industries.  Under  the  microscope,  the  wood 
particles  in  the  air  are  found  to  have  many 
sharp  edges  and  points.  Under  habitual  in- 
halation of  wood-fiber  particles  they  set  up 
a  catarrhal  affection  of  the  respiratory  pas- 
sages, with  many  disagreeable  symptoms  and 
possibly  disastrous  results.  Some  wood  fibers 
contain  alkaloids  and  ethereal  oils,  which 
seem  to  produce  an  additional  toxic  effect. 
He  therefore  urges  that  greater  attention  be 
paid  to  the  installation  of  mechanical  devices 
to  dispose  of  the  dust,  spraying,  wearing  of 
dust  masks,  ventilation,  etc." — C.  K.  Drinker. 


OCCUPATIONAL  INFECTIOUS  DISEASES:   OCCURRENCE, 
TREATMENT    AND    PRE^^ENTION 


Certain  Fundamentals  in  Early  Diag- 
nosis OF  Pulmonary  Tuberculosis.  Laivra- 
son  Brown.  Jour.  Am.  Med.  Assn.,  Jan.  14, 
1922,  78,  No.  2,  79-84.— "1.  The  diagnosis 
of  pulmonary  tuberculosis  is  in  most  instances 
more  easily  made  today  than  formerly,  but 
in  the  remainder  such  a  diagnosis  may  tax 
the  ingenuity  of  the  cleverest  physician. 

"2.  The  diagnosis  of  pulmonary  tubercu- 
losis is  not  complete  with  the  determination 
only  of  the  presence  of  the  disease,  but  must 
include  also  opinions  about  its  activity,  stage, 
and  place  and  length  of  treatment. 

"3.  Pulmonary  tuberculosis  should  be 
suspected  in  every  case  of  blood  spitting, 
pleurisy  with  effusion,  persistent  cough,  un- 
due fatigue,  loss  of  weight,  fistula-in-ano,  or 
prolonged  exposure  to  infection,  whether  in 
childhood  or  in  adult  life. 


"4.  It  should  be  remembered  that  syphilis 
and  tuberculosis  respect  no  one. 

"5.  He  who  fails  on  examination  to  strip 
the  patient  to  the  waist  may  injure  not  only 
the  patient  but  himself  as  well. 

"6.  He  who  would  diagnose  pulmonary 
tuberculosis  early  must  be  willing  to  pay 
for  it  in  time  and  care  and  patience. 

"7.  Auscultation  is  vastly  more  helpful 
to  him  who  is  not  fully  proficient  in  the 
elicitation  of  physical  signs  than  are  per- 
cussion and  inspection. 

"8.  The  detection  of  rales  is  the  most  im- 
portant factor  in  the  physical  diagnosis  of 
early  pulmonary  tuberculosis. 

"9.  Failure  to  detect  moderately  coarse 
rales  in  pulmonaiy  tuberculosis  is  due  more 
often  to  ignorance  of  how  to  produce  them 
rather  than  to  inability  to  hear  them. 
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"10.  Ill  early  stages  of  the  disease,  rales 
are  to  be  heard  only  after  a  simple  or  an 
expiratorj'  cough. 

"11.  Persistent  abnormal  signs  above  the 
second  rib  and  third  vertebral  spine,  at  one 
or  at  possibly  both  apexes,  demand  a  diag- 
nosis of  pulmonary  tuberculosis  until  it  can 
be  disproved.  Conversely,  such  signs  at  one 
or  both  bases  indicate  nontuberculous  disease 
until  disproved. 

"12.  Stereoscopic  roentgenograms,  care- 
fully taken  and  carefully  interpreted,  may 
reveal  slight  or  extensive  pulmonary  tubercu- 
losis -which  by  ordinary  methods  of  physical 
examination  may  escape  detection. 

"13.  In  anj-  doubtful  case,  pulmonary 
tuberculosis  should  never  be  excluded  with- 
out a  careful  roentgen-ray  studj*. 

"14.  The  presence  of  three  or  four  or 
more  tubercle  bacilli  in  the  sputum  is  the 
surest  proof  of  the  presence  of  tuberculosis 
in  the  respiratory  tract. 

"15.  Repeated  negative  sputum  examina- 
tions do  not  exclude  pulmonary  tuberculosis. 

"16.  It  should  be  borne  constantly  in 
mind  that  any  case  in  which  no  tubercle  ba- 
cilli have  ever  been  found  laay  not  be  tuber- 
culosis, and  this  fact  should  be  emphasized 
always  when  extensive  physical  signs  or  a 
long  history  is  present. 

"17.  Next  to  tubercle  bacilli,  the  presence 
of  moderately  coarse  rales  or  a  parenchymat- 
ous roentgen-ray  lesion  above  the  second  rib 
and  third  vertebral  spine  is  the  best  evidence 
of  pulmonary  tuberculosis. 

"18.  Hemoptysis  of  a  dram  or  more  with- 
out heart  disease  or  acute  pulmonary  infec- 
tion, and  idiopathic  pleurisy  ^vith  effusion, 
demand  a  diagnosis  of  suspected  pulmonary 
tuberculosis  and  careful  study. 

"19.  The  five  cardinal  diagnostic  points  in 
pulmonary  tuberculosis  are  tubercle  bacilli, 
moderately  coarse  rales  and  a  parenchymat- 
ous roentgen-ray  lesion  above  the  second  rib 
and  third  vertebral  spine,  hemoptysis  of  1 
dram  or  more,  and  pleurisy  with  effusion. 

"20.  At  least  one  or  more  of  these  points 
must  be  positive  before  a  diagnosis  of  pul- 
monary tuberculosis  can  be  made. 

"21.  If  all  five  cardinal  diagnostic  points 
are  lacking,  a  negative  diagnosis  in  regard  to 
pulmonary  tuberculosis  can  be  made;  but  in 
1  or  2  per  cent,  we  may  be  in  error. 

"22.    A  negative  subcutaneous  tuberculin 


test  in  an  early  case  enables  one  to  tell  the 
patient  that  treatment  at  this  time  is  not 
necessary. 

"23.  The  diagnosis  of  clinical  activity 
must  be  based  largely  if  not  entirely  on  symp- 
toms and  not  on  physical  signs. 

"24.  Pathologic  changes  in  the  lungs  can 
begin  before  any  signs  of  clinical  activity  are 
present  and  continue  long  after  all  have  dis- 
appeared. 

"25.  Cough  and  expectoration,  and  even 
in  certain  cases  tubercle  bacilli  in  the  sputum, 
are  not  positive  evidence  of  activity. 

"26.  Finally,  one  should  imagme  oneself 
in  the  patient's  place,  give  his  case  the  study 
one  would  ask  for  oneself,  and  not  subject 
him  to  loss  of  time,  of  health  and  possibly 
even  of  life,  by  hasty  conclusions  drawn  from 
carelessly  collected  and  insufficiently  con- 
sidered data." — C.  K.  Drinker. 

The  Dietary  Requirements  in  Pulmo- 
nary Tuberculosis.  Willmm  S.  Mc'Cann. 
Am.  Rev.  Tuberc,  Jan..  1922,  5,  No.  11,  870- 
875. — "1.  Estimates  of  the  total  daily  en- 
ergy requirements  of  patients  have  been  ar- 
rived at  by  determination  of  the  basal  heat 
production,  making  suitable  additions  for 
the  effects  of  fever,  food  ingestion,  and  of 
coughing  upon  the  metabolism. 

"2.  The  difficult  question  of  deciding 
upon  the  proper  proportions  in  which  the 
foodstuffs,  protein,  fat,  and  carbohydrate 
should  be  combined,  has  been  approached  by 
a  consideration  of  the  close  interrelation  of 
the  metabolism  with  the  respiratory  and  car- 
diac functions.  The  aim  has  been  to  devise 
a  diet  which  will  increase  as  little  as  pos- 
sible the  volume  of  respiration  and  the  cir- 
culation rate  through  the  lungs,  in  order  to 
limit  the  functional  demands  upon  an  in- 
jured organ." — M.  Dent. 

The  Pottery  Industry  and  Tuberculo- 
sis. Thiele.  Abstracted  from  Ztschr.  f. 
Tuberk.,  1921,  34.  No.  3-4.  in  Hyg.  Rund- 
.<*ehau,  Nov.  1.  1921,  31.  No.  21.  671.— Since 
the  reports  from  Jena,  which  brought  into 
question  the  findings  of  Koelsch  respecting 
the  prevalence  of  tuberculosis  as  an  occupa- 
tional disease  among  workers  in  the  porce- 
lain industry,  the  industrial  medical  officer 
of  Saxony  has  given  attention  to  the  same 
problem,  and  has  reached  the  same  conclu- 
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sion  as  Koelsch.  He  fuids  that  5  per  cent, 
of  686  persons  examined  showed  signs  of 
tuberculosis  of  the  lungs.  More  than  50  per 
cent,  of  the  workers  engaged  over  thirty 
years  in  the  pottery  industry  suffered  from 
"Staublungen."  About  the  same  conditions 
were  found  among  earthenware  workers; 
6.44  per  cent,  had  pulmonary  tuberculosis 
and  more  than  30  per  cent.  "Staublungen."' 
— G.  E.  Partridge. 

iHE  Decrease  in  Anthrax  Mortality  in 
Italy.  G.  Gherardi.  II  Lavoro,  Nov.  30, 
1921,  12,  No.  7,  193-203.— Italy,  a  coimtry 
predominantly  agricultural,  has  always  had 
an  anthrax  rate  far  above  the  average.  In 
recent  years,  however,  the  combined  effect 
-of  hygienic  precautions  and  the  therapeutic 
use  of  anti-anthrax  serum  have  resulted  in  a 
reduction  in  the  number  of  deaths  from  an- 
thrax and  m  the  proportion  of  fatalities  from 
among  anthrax  cases. 

Statistics  of  mortality  reckoned  in  five-year 
periods  from  1887  to  1916  show  that  the 
deaths  have  fallen  from  20.8  per  million  of 
population  to  6.2.  This  is  for  the  whole 
•country.  The  different  regions  show  varying 
rates  according  as  the  agricultural  part  of 
the  population  predominates.  Thus,  during 
the  period  given  above  the  rates  for  Calabria 
and  Basilicata,  which  are  purely  agricultural, 
were  4.5  and  90.5  per  million  of  population, 
while  \'enetia  and  Lombardy  had  rates  of 
-only  1.9  and  2.     Throughout  the  whole  coun- 


try the  mortality  from  anthrax  during  thirty 
years  has  been  reduced  to  about  one-third 
of  the  early  figure,  but  this  fall  is  much 
more  marked  in  the  purely  agricultural  re- 
gions of  the  south  and  southeast  than  in  cer- 
tain of  the  northern  provinces  where  the  rate 
has  been  either  stationarj-  or  has  even  slightly 
increased.  Thus,  in  the  Emilia,  in  Tuscany 
and  in  Liguria  the  rate  is  maintained  or  even 
increased  because  the  cities  of  Modena,  Genoa, 
and  Florence  are  centers  for  the  importation 
of  hides,  or  for  the  leather  industries. 

For  the  same  reasons  the  anthrax  rate  for 
women  has  decreased  more  than  that  for  men, 
since  women  are  exposed  to  infection  only  in 
agricultural  work,  and,  as  we  have  seen, 
hygienic  measures  have  been  signally  success- 
ful in  this  field,  while  the  work  of  unloading, 
transporting  and  treating  hides  is  carried  on 
exclusively  by  men  and  is  not  as  yet  as  well 
controlled. — Alice  Hamilton. 

Treatment  of  Anthrax  in  Man.  R.  Mon- 
teleone.  Abstracted  as  follows  from  Poli- 
clinico,  Nov.  28,  1921,  28,  No.  48,  1613,  in 
Jour.  Am.  Med.  Assn.,  Jan.  28,  1922,  78,  No. 
4,  314. — ^"Monteleone  extols  the  fine  results 
of  antianthrax  serotherapy,  as  he  witnessed 
it  in  thirty-five  cases.  His  research  has  con- 
firmed that  the  anthrax  bacilli  lurk  in  the 
tissues  to  the  farthest  limits  of  the  edema- 
tous zone,  and  hence  cauterization  is  not 
effectual  as  it  cannot  be  applied  over  this 
entire  zone." — C.  K.   Drinker. 


OCCUPATIONAL 


AFFECTIONS    OF 
SENSES 


THE    SKIN   AND    SPECIAL 


Occupational  Diseases  of  the  Skin  and 
Hands  in  C.'Vlifornia  Industry.  Robert  T. 
Legge.  Cal.  State  Jour.  Med..  Dec,  1921, 
19,  No.  12,  461-462. — Dermatitis  among  work- 
men consists  usually  in  eczematous  lesions, 
mainly  the  result  of  external  irritation  from 
exposure  to  dusts,  chemicals  and  oils.  "Flour, 
soot,  cement,  and  sugar  are  typical  examples 
and  factors  in  simple  dust  irritants  of  the 
skin,  while  anilin  and  wood  alcohol  produce 
desquamative  types,  and  machine  oils  and 
chlorin  gas  are  examples  of  the  group  that 
result  with  pustules." 

One  occupational  skin  disease  investigated 
was  that  among  packers  in  a  large  tile  and 
electric  lamp  manufacturing  company.     This 


disease  was  caused  by  an  Arachnida  known 
as  the  Pediculoides  ventricosus,  a  tiny  para- 
site which  attaches  itself  to  the  skin  by  means 
of  sucking  disks  and  claws.  To  prevent  fur- 
ther infection,  fumigation  by  means  of  sulphur 
of  the  straw  used  for  packing  was  advised. 
But  with  straw  to  be  used  in  packing  metals 
the  sulphur  process  results  in  tarnishing  the 
metaLs ;  in  this  case  formaldehyde  fumigation, 
followed  by  a  thorough  drying  in  the  sun,  is 
effective. 

The  second  dermatitis  investigated  was  that 
found  among  dried  fig  packers.  This  skin 
disease  is  attributed  to  the  milky  substance 
found  in  the  stems,  epidermis  of  the  fruit, 
and    in    the    latex    tubes    of    the    branches. 
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"  Strasburger.  a  botanist,  mentions  that  the 
latex  cells  secrete  in  the  milky  exudate  a 
poisonons  alkaloid,  calcium  malate  and  pro- 
teid  granules."  Among  the  fresh  fruit 
pickers  the  symptoms  sometimes  appear  in 
three  or  four  hours,  produce  a  stinging  sensa- 
tion, blister,  and  cause  sanguineous  oozing. 
"In  the  dried  fig  packers  the  symptoms  are 
slower  in  developing,  undoubtedly  due  to  the 
drying  by  causing  a  destructive  action  of  the 
enzyme,  which  is  found  normally  in  the  latex 
of  the  ficus  cariea.  The  abrasive  action  on  the 
cuticle  of  the  hands  of  the  operators  when 
pulling  open  the  dried  figs  permits  directly 
this  protein  enzyme  to  produce  a  digestive  and 
dissolving  action  of  the  tissues,  and  is  the 
etiology  that  is  responsible  for  the  lesions." 
Further  investigations  will  be  continued  in 
the  study  and  prevention  of  this  seasonal 
occupational  disease.  In  the  meantime  cotton 
gloves,  or  rubbing  the  hands  with  a  high-grade 
mineral  oil,  such  as  the  lighter  automobile 
lubricants,  are  offered  as  preventive  meas- 
ures.— M.  Dent. 

Problems  ix  the  Care  of  Ixdustrluv  In- 
juries OP  THE  Eye.  Hoivell  L.  Begle.  Jour. 
Mich.  State  Med.  Soc,  Nov.,  1921,  20.  No.  11. 
443-448. — The  author  treats  the  subject  un- 
der the  following  headings: 

1.  Foreign  Body  in  the  Cornea. — If  the 
foreign  body  is  not  deeply  imbedded,  re- 
move with  a  cotton  swab  in  the  first-aid 
room;  if  it  is  deeply  imbedded,  use  the 
binocular  loiip  and  sharp  spud,   taking  out 


all  rust-stained  tissue  as  well  as  the  foreign 
body.  If  the  patient  complains  much,  use 
a  solution  of  boric  acid  containing  a  few 
drops  of  4  per  cent,  cocaine.  Do  not  cover 
the  eye  with  a  pad.  Follow  up  each  case 
carefully,  especially  where  there  is  any  doiibt 
about  the  cleanliness  of  the  patient.  If  ul- 
cers develop,  cauterize  with  phenol,  trichlor- 
acetic acid,  or  the  actual  cautery,  according 
to  the  severity  of  the  ulcers. 

2.  Burns. — More  damage  is  done  by 
burns  than  at  first  appears.  In  some  cases 
mucous  grafts  from  the  lip  should  be  placed 
over  the  burned  area  after  removing  the 
necrotic  conjunctiva. 

3.  Perforating  Wounds. — These  should  be 
handled  with  care.  Some  eases  should  not 
even  be  looked  at  except  by  a  competent  eye 
specialist.  Gaping  wounds  of  the  cornea 
should  be  covered  by  a  conjunctival  flap. 

4.  Traumatic  Cataract. — Operation  should 
not  be  performed  until  the  eye  is  white  and 
quiet.  The  percentage  of  visual  loss  in  an 
aphakic  eye  is  at  least  60  per  cent. 

o.  Sympathetic  Ophthalmia.  —  "An  eye 
which  has  developed  iridocyclitis  after  a  per- 
forating injury  should  be  removed  just  as 
soon  as  it  appears  highly  probable  that  there 
will  be  no  useful  vision.  One  should  not 
trust  in  a  two  weeks'  safety  period."  If 
after  enucleation  sympathetic  ophthalmia 
does  not  develop  within  six  weeks,  one  may 
feel  fairly  safe.  Foci  of  infection  should  be 
sought  for  and  removed. — H.  G.  Noyes. 


OCCURRENCE  AND  PREVENTION  OF  INDUSTRIAL  ACCIDENTS 


Accident  Prevention  prom  a  Medical, 
Viewpoint.  W.  H.  Lipman.  Nation's  Health, 
Jan.  15,  1922,  4,  No.  1,  35-36.— "Industrial 
medicine  is  almost  entirely  a  preventive  un- 
dertaking. It  aims,  first  of  all.  to  prevent 
placing  the  wrong  man  at  a  given  job  or 
giving  the  wrong  job  to  an  applicant  for 
employment — all  of  which  is  to  the  benefit 
of  the  applicant,  the  working  force,  and  the 
public.  Second,  it  attempts  to  prevent  the 
spread  of  illness  among  emploj^ees  either  by 
periodic  physical  examination  or  by  early 
treatment  of  sickness.  Third,  by  promoting 
efficient  care  of  accidental  injuries,  it  pre- 
vents complications  and  reduces  disability  to 


a  minimum.  In  reality  this  is  nothing  more 
or  less  than  safety  work;  safety  for  the  em- 
ployee, for  his  family,  for  the  employer,  and 
for  the  public. 

"Complete  safety  work  is  composed  of  two 
parts,  one  as  indispensable  as  the  other:  (1) 
a  more  extended  use  of  mechanical  safety 
devices;  and  (2)  a  recognition  of  the  impor- 
tance of  the  human  element  before  and  after 
the  accident,  without  Avhieh  mechanical  pro- 
tection can  only  prevent  a  small  number  of 
accidents."  In  discussing  this  second  im- 
portant factor  in  safety  work.  Dr.  Lipman 
emphasizes  the  importance  of  the  attitude  of 
the  foreman  and  of  the  doctor  toward  the  pre- 
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vention  of  accidents,  and  during  the  course 
of  their  treatment. 

The  foreman  can  help  to  bring  home  to  the 
men  his  interest  in  safety  if  he  sees  to  it  that 
all  injured  persons,  no  matter  how  small  the 
injury,  are  sent  promptly  to  the  doctor's 
oflSce;  if  he  displays  interest  in  the  injured 
man  after  the  accident  has  occurred;  and  if 
he  calls  upon  or  especially  inquires  after  men 
seriously  enough  injured  to  be  absent  from 
work.  The  foreman  must  never  attempt  to 
treat  injuries  himself,  and  should  discourage 
fellow  workmen  from  giving  the  injured  per- 
son advice  as  to  treatment. 

The  plant  physician  can  contribute  his  part 
toward  imbuing  the  men's  minds  with  the 
advantages  and  desirability  of  safety  work 
if  he  attempts  to  make  the  men  feel  not  only 
confidence  in  his  professional  ability  but  also 
confidence  in  the  fact  that  he  is  their  friend 
and  counselor.  ' '  He  must  make  them  feel 
that  they  can  come  to  him  with  their  accidents 
or  their  claims  for  compensation  and  receive 
the  best  kind  of  advice ;  advice  that  is  fair 
both  to  them  and  to  the  company."  He  must 
treat  the  injured  men  like  patients  and  not 
like  "cases"  in  whom  his  only  interest  is  to 
make  an  accident  report. — Katherine  R. 
Drinker. 

Iron-Mine  Accidents  in  the  United 
States  in  1920.  U.  S.  Bur.,  Labor  Statis., 
Month.  Labor  Rev..  Nov.,  1921,  13,  No.  5, 
1105-1106.  —  According  to  a  preliminary 
statement  45,990  men  were  employed  in  the 
iron-mining  industry  in  1920,  and  reports 
from  the  iron-mine  operators  show  that 
there  were  106  deaths  from  accidents  in 
1920,  and  9.072  non-fatal  injuries  —  a  de- 
crease of  33  fatal  and  26  non-fatal  accidents 
as  compared  with  the  figures  for  1919.  These 
figures  indicate  a  fatality  rate  of  2.34  per 
1,000  men  (300-day  basis)  and  an  injury 
rate  of  200.49. 


Of  the  106  fatal  accidents  during  the  year, 
76  occurred  underground,  10  in  shafts,  6  at 
open-pit  workings,  and  14  in  surface  shops 
and  yards.  Of  the  9,072  non-fatal  accidents, 
6,565  occurred  underground,  169  in  shafts, 
1,010  at  open-pit  mines,  and  1,328  at  surface 
shops  or  yards. — G.  E.  Partridge. 

Accident  Pre\ention  in  the  Ritbber  In- 
dustry. H.  S.  Poole.  Safety  Engin.,  Dec, 
1921,  42,  No.  6,  254-259.— The  more  impor- 
tant phases  of  safety  work  particular  to  the 
rubber  industry  are  discussed  in  this  article, 
and  are  broadly  classified  under  the  follow- 
ing headings :  fire,  accidents  due  to  small 
tools,  hazardous  machinery,  and  vapor  poi- 
soning.— R.  M.  Thomson. 

What  the  Safety  Inspector  Must  Do 
AND  What  He  Has  Done.  J.  G.  Shaw. 
Safety  Engin.,  Dec,  1921,  42,  No.  6,  260-262. 
— This  article  contains  a  discussion  of  the 
purposes  and  results  of  safety  inspection 
work  from  the  insurance  companies'  view- 
point.— R.   ]\L  Thomson. 

Electrical  Hazards  Are  More  Danger- 
ous than  Mechanical  Ones.  W.  J.  Pef- 
ferhj.  Safety  Engin.,  Dec,  1921,  42,  No.  6, 
265-268. — This  article  pertains  to  the  elec- 
trical equipment  in  factories,  and  gives 
safety  notes  on  the  more  common  apparatus. 
— R.  M.  Thomson. 

Safety  Demands  Americanization.  L.  M. 
l^totveU.  Safety  Engin.,  Dec,  1921,  42,  No. 
6.  273-274.— This  short  article  illustrates  the 
positive  need  of  systematic  safety  education 
in  the  shop  in  order  to  protect  all  workers 
from  the  indifference,  ignorance  and  fatal- 
ism of  a  relative  few  in  their  midst. — R.  M. 
Thomson. 


INDUSTRIAL    SURGERY 


Dressing  the  Industrial  Injury  Cor- 
rectly. Virginia  L.  Montgomery.  Am. 
Jour.  Nursing,  Jan.,  1922,  22,  No.  4,  269-271. 
— The  treatment  and  dressing  of  the  minor 
industrial  injury  differ  from  the  ordinary 
technic   of   the   hospital   in   important   ways. 


Reduction  to  a  minimum  of  the  loss  of  time 
by  elimination  of  all  unnecessary  redressing 
and  by  strict  attention  to  everything  that 
can  .shorten  the  time  of  healing  is  of  special 
importance  to  industry.  Care  must  be  used 
to  attach  the  bandage  firmly  and  to  make  it 
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adequate  for  protection,  but  at  the  same  time 
as  trim  and  as  little  bulky  as  possible.  Often 
.  a  double  bandage  may  be  needed,  one  to  be 
removed  when  soiled.  Using  the  common 
zinc  oxide  adhesive  plaster,  the  nurse  can 
with    ingenuitv    overcome    many    difficulties. 


A  bandage  is  a  little  thing,  but  of  great 
importance  to  industry,  and  the  science  of 
its  proper  application  is  worthy  of  all  the 
efforts  of  the  industrial  nurse  if  she  would 
become  of  the  greatest  value  to  her  employer. 
— G.  E.  Partridge. 


INDUSTRIAL     PHYSIOLOGY:     NUTRITION, 

FATIGUE,  ETC. 


METABOLISxAI, 


Length  op  Work  D.\t  and  Industri.\i. 
Health.  Reynold  A.  Spaeth.  Nation's 
Health,  Jan.  15,  1922,  4,  No.  1,  32-33.— This 
article  is  a  discussion  of  the  difficulty — in- 
deed, the  impossibility — of  determining  by 
statistical  investigations  the  ideal  length  of 
the  working  day.  The  problem,  since  it  in- 
volves the  health  and  happiness  of  human 
beings,  and  not  solely  the  matter  of  maximum 
output,  is  a  social-ethical  problem,  and  not  a 
purely  scientific  one.  "The  failure,"  accord- 
ing to  Dr.  Spaeth,  "to  distinguish  clearly 
between  these  two  levels — the  unmoral  and 
dispassionate  scientific  level  and  the  social- 
ethical  one — has  led  to  a  vast  amount  of  con- 
troversy and  mismiderstanding. "  Sidney 
Webb  pei'ceived  the  real  nature  of  the  work- 
day problem  thirty  years  ago  when  he  wrote: 

"The  demand  for  shorter  hours  of  labor 
has  arisen  among  the  working  classes,  not 
so  much  from  the  conviction  that  their  pres- 
ent  hours    are    injurious    to    health — though 


that  in  many  cases  is  the  fact — not  so  much 
from  the  theory  that  shorter  hours  mean 
higher  wages — though  that  theory  is  in  the 
main  sound — but  from  the  strongly  felt  desire 
for  additional  opportunities  for  recreation 
and  the  enjoyment  of  life." 

Science  can  undoubtedly  aid  us  in  indicat- 
ing the  advantages  of  short  hours  in  one 
industry  and  of  long  hours  in  another — es- 
pecially, for  example,  in  industries  where  we 
deal  with  90  to  100  per  cent,  machine  proc- 
esses— but  there  is  no  universal  right  or 
wrong  working  day,  which  can  be  demon- 
strated statistically.  In  order  to  attain  the 
maximum  yield  from  labor,  the  elements  of 
work  must  be  proportioned  to  the  physio- 
logical requirements  of  the  workman.  The 
speed  of  economical  work  must  be  determined 
by  precise  and  specific  studies  in  each  indus- 
try, or,  it  may  be,  in  each  shop. — Katherine 
R.  Drinker. 


\VOMEN  AND  CHILDREN  IN  INDUSTRY 


State  Laws  Affecting  Working  Women. 
U.  S.  Dept.  Labor,  Women's  Bur.,  Bull.  Nd. 
16,  Washington,  1921,  pp.  51.  —  This  is  a 
very  useful  summary  of  the  various  state 
laws  affecting  women's  work.  The  survey 
includes  the  acts  of  the  state  legislatures  and 
the  regulations  of  state  industrial  boards 
which  usually  have  the  force  of  law.  Not 
all  the  laws  have  been  considered,  but  only 
those  affecting  the  length  of  the  working 
day  and  the  total  weekly  hours:  rest  periods 
and' time  for  meals;  night  work;  home  work; 
mimimum  wage;  and  mothers'  pensions. 
Laws  regulating  woi'king  eoiulitions  have  not 
been  included,  nor  have  laws  forbidding  em- 
ployment in  certain  occupations,  since  there 


are  a  great  number  of  these  with  wide  dif- 
ferences among  the  states. 

In  addition  to  laws  limiting  daily  hours 
in  specified  industries  or  occupations,  five 
states  have  legislation  supplementing  the 
laws  regulating  both  daily  and  weekly  hours, 
and  limiting  only  the  weekly  hours  for  cer- 
tain industries  or  occupations.  "A  compari- 
son of  the  charts  will  show  that  the  states 
which  have  laws  establishing  the  shortest 
working  day  and  week  are  also  the  states 
which  bring  the  greatest  number  of  indus- 
tries or  occi'pntinns  under  the  iirovisions  of 
the  law." 

Nineteen  states,   the  District  of   Columbia 
and  the  Territorj-  of  Porto  Rico  have  pro- 


ABSTRACTS 


15 


vided  for  breaks  in  the  working  day,  and  so 
insure  women  against  too  continuous  em- 
ployment. Twelve  of  these  states  have  lim- 
ited the  number  of  days  that  a  woman  may 
work  in  succession,  in  most  cases  to  six  out 
of  seven.  Fourteen  states  and  the  Territory 
of  Porto  Rico  have  provided  that  a  period 
of  time,  varying  from  thirty  minutes  to  one 
hour,  is  to  be  allowed  for  the  noonday  meal. 
Twelve  states,  also  the  District  of  Columbia 
and  Porto  Rico,  have  ruled  that  a  woman 
can  work  only  a  fixed  number  of  hours,  usu- 
ally five  or  six,  without  either  a  meal  period 
or  a  rest  period  of  some  kind.  Thirteen 
state?  and  Porto  Rico  prohibit  night  work 
for  women  in  certain  industries  or  occupa- 
tions. 

No  state  has  adequately  protected  its 
women,  however,  from  injurious  hours  of 
labor,  since  a  law  needs  to  specify  not  only 


a  definite  number  of  hours  per  week  but  a 
definite  number  of  hours  per  day  and  days 
per  week.  Neither  a  daily  nor  an  hourly 
limitation  alone  is  sufficient.  Provision 
should  be  made  also  against  too  long  con- 
tinuous employment;  simply  to  provide  for 
a  lunch  period  of  definite  length  is  not 
enough.  The  states  which  have  industrial 
commissions  are  covering  all  these  points 
more  rapidly  than  those  depending  on  sepa- 
rate acts  of  their  legislatures  for  each  step. 

About  one-fourth  of  the  states  have  laws 
either  prohibiting  or  regulating  home  work. 
Twelve  states  and  the  District  of  Columbia 
and  Porto  Rico  have  established  a  minimum 
wage  for  women  workers.  Forty  states  and 
two  territories  have  mothers'  pension  laws. 

Maps  and  charts  make  all  the  data  of  the 
survey  available  for  detailed  consideration. 
— G.  E.  Partridge. 


INDUSTRIAL  SANITATION:    FACTORY  CONSTRUCTION,   ILLU- 
MINATION, VENTILATION,  HEATING.    WATER    SUPPLY,    SEW- 
AGE DISPOSAL 


Good  Lighting  at  Low  Cost.  F.  I.  Kins- 
man. Factory,  Jan.,  1922,  28,  No.  1,  106.— 
This  short  paper  states  that  the  cost  of  light- 
ing for  one  firm  was  cut  60  per  cent,  by  the 
installation  of  mirrored  reflectors.  It  goes 
on  to  say  that  cutting  down  on  lighting  is 
wasteful  economically  as  the  workman's  time 
is  more  expensive  than  the  cost  of  increased 
lighting.— M.  Dent. 

Making  Light  out  of  Darkness.  M.  B. 
Jacobs.  Factory,  Jan.,  1922,  28,  No.  1,  102, 
104. — Few  factories  can,  under  normal  con- 
ditions, get  all  the  daylight  that  they  require. 
One  textile  mill  adopted  a  system  of  prism 
lighting  which  consisted  ''merely  in  .substi- 
tuting for  the  ordinai'y  window  glass  a  pane 
made  of  glass  with  a  prism  surface.  These 
prisms  will  collect  the  light  from  all  angles 
and  refract  it  into  the  shop.  ...  It  is  evident 
that  it  is  quite  necessary  to  have  the  prisms 
at  the  proper  angles.  Where  there  are  a 
number  of  floors  requiring  the  same  intensity 
and  direction  of  light,  prisms  must  be  varied 
to  meet  the  conditions  on  each  floor. 

"In  deep  light  wells  or  courts  where  there 
is  almost  never  direct  sunlight,  glass  canopies 
are   used   in   addition   to   the   prism   window 


glass.  They  are  placed  over  windows,  and 
can  be  set  at  a  particular  angle  to  the  walls, 
so  that  the  light  rays  are  drawn  from  the 
sky,  received  and  controlled  by  the  prism, 
and  thrown  directly  into  the  interior  of  the 
building. 

"Since  these  prism  windows  have  been  in- 
stalled, this  concern  has  been  able  nearly  to 
halve  its  light  bills,  to  say  nothing  of  the 
better  working  condition,  both  for  safety  and 
increased  production." — M.   Dent. 

Why  White  Walls  Pay?  J.  R.  Rogers. 
Factory,  Jan.,  1922,  28,  No.  1,  96,  98.— A 
thorough  study  of  the  reflecting  values  of 
different  colored  paints  in  relation  to  white 
paint  was  made  by  a  Detroit  manufacturing 
firm  with  the  following  results :  white  100 
per  cent. ;  light  green  53  per  cent. ;  light 
yellow  49  per  cent. ;  light  buff  44  per  cent. ; 
light  gray  27  per  cent. ;  brown  6  per  cent. ; 
and  red  5  per  cent. 

Two  charts  are  given,  one  showing  the 
average  hours  a  day  of  sunshine,  cloudiness, 
and  darkness  for  each  month,  and  the  other 
showing  the  number  of  deaths  occurring 
from  industrial  accidents.  On  analysis,  one 
finds   that    the   largest   number   of    accidents 
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occur  during  the  darker  winter  months.  It 
takes  about  four  and  a  half  times  more  elec- 
trical energy  to  light  a  plant  with  dark  walls 
as  it  does  to  light  the  same  plant  with  white 
walls.  The  difference  between  the  actual  cost 
of  lighting  in  these  two  types  of  plants  rep- 
resents a  saving  which  would  easily  pay  for 
the  cost  of  painting. 

Finally,  it  is  pointed  out  that  good  lighting 
contributes  toward  accident  prevention  and 
safety,  and  raises  the  whole  morale  of  a  plant. 
— M.  Dent. 

How  Clean  Windows  Cut  Cost.  P.  J. 
Harrison.  Factory,  Jan.,  1922,  28,  No.  1,  98, 
100. — That  diminished  efSciency  results  from 
improperly  cleaned  windows  was  demon- 
strated when  tests  were  made  in  one  factory, 
where  the  windows  were  not  cleaned  for 
several  months,  which  showed  that  fully  50 
per  cent,  more  light  was  admitted  after  a 
good  cleaning.  Not  only  is  the  cost  of  artifi- 
cial illumination  greater  when  windows  are 
dust  coated,  but  there  is  a  bad  psychological 
effect  from  dirt  and  gloom. — M.  Dent. 

Recommendations  for  Lighting  Indus- 
trial Establishments.  Mass.  Dept.  Labor 
and  Industries,  Jan.,  1922. — A  committee 
appointed  by  the  Department  of  Labor  and 
Industries  has  drawn  up  a  proposed  set  of 
regulations  to  govern  industrial  lighting  in 
the  state  of  Massachusetts.  The  types  of 
work  included  in  the  proposed  regulations 
have  been  divided  into  eight  classes  accord- 
ing to  the  intensity  of  illumination  required, 
and  range  from  the  minimum  figures  of  0.02 
foot-candles  for  "roadways  and  yard  thor- 
oughfares" to  a  minimum  of  7.00  foot- 
candles  required  for  "extreme  eases  of  fine 
work."  The  classification  of  the  work  under 
one  or  more  of  these  eight  divisions  is  to  be 
determined  by  the  inspectors,  subject  to  re- 
view by  the  department. 

Rules  are  suggested  to  govern  the  shading 
of  lamps  or  working  spaces,  distribution  of 
light  on  work,  entrance  and  exit  lighting, 
switches  and  controls,  maintenance,  and 
natural   lighting. 

The  code  is  to  be  tried  out  by  employers 
before  being  adopted,  and  a  public  hearing 
is  to  be  held  on  May  16  for  purposes  of  dis- 
cussion and  possible   alterations.     The  com- 


mittee emphasizes  the  importance  of  adher- 
ing to  a  uniform  interstate  code,  and  this 
proposed  code  differs  but  little  from  that 
approved  by  the  American  Engineering 
Standards  Committee.  Copies  of  the  pro- 
posed code  may  be  obtained  from  the  Depart- 
ment of  Labor  and  Industries,  473  State 
House,   Boston. — Philip   Drinker. 

The  Influence  of  Atmospheric  Condi- 
tions ON  Industrl^l  Efficiency.  H.  M. 
Vernon.  Jour.  State  Med.,  Dec,  1921,  29, 
No.  12,  353-362. — Moving  air,  even  if  it  con- 
tains a  considerable  amount  of  exhaled  carbon 
dioxide,  is  more  invigorating  than  pure  but 
stagnant  air.  Hill's  kata-thermometer  is  a 
fairly  accurate  device  for  measuring  slight 
air  currents.  If  the  kata  cools  half  as  fast 
again  as  it  does  in  still  air,  the  air  currents 
are  moving  at  50  feet  per  minute ;  if  it  cools 
twice  as  fast,  they  are  mo-ving  at  142  feet, 
and  if  three  times  as  fast,  at  410  feet.  Ham- 
bly  and  Bedford  found  in  boot  and  shoe 
factories  an  average  air  velocity  of  36  feet 
per  minute,  though  in  10  per  cent,  of  the 
shops  it  was  70  feet  or  more.  Bedford  and 
Vernon  found  in  the  badlj^  underventilated 
potters'  shops  a  velocity  of  18  feet  per  min- 
ute in  winter,  and  29  feet  in  summer.  The 
same  is  found  in  cotton  weaving  sheds. 

The  term  "draught"  is  very  indefinite,  as 
it  depends  on  the  temperature  of  the  moving 
air  and  upon  the  individual  exposed.  In 
shops  where  fairly  active  work  is  done  the 
temperature  should  be  between  60°  and  65°, 
though  it  is  necessarily  higher  in  summer 
weather.  Potters  appear  to  have  gotten  ac- 
climatized to  a  stuffy  atmosphere,  for  at  times, 
when  investigators  foiuid  it  almost  oppressive, 
they  considered  it  "just  comfortable." 

There  is  no  direct  and  exact  proof  of  an 
influence  of  atmospheric  conditions  upon  effi- 
ciency and  productivity  in  many  industries, 
but  certain  trades  present  very  suggestive 
facts  on  this  score.  Vernon  found  a  seasonal 
variation  in  the  output  of  rolling-mill  men  in 
the  tinplate  trade,  the  average  output  in 
August  being  10  per  cent,  less  than  in  Janu- 
ary. In  intermediate  months  the  output 
showed  intermediate  values  which  ran  paral- 
lel with  the  mean  air  temperatures  deter- 
mined over  the  seven-year  period  investigated. 
It  is  argued  that  the  installation  of  a  thor- 
oughly efficient  system  of  ventilation   in  an 
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unventilated  works  might  increase  the  aver- 
age output  for  the  whole  year  by  about  12 
per  cent.  Temperature  effects  restricted  the 
outputs  of  laborers  in  open-hearth  steel 
smelters,  in  steel  rolling  mills,  in  puddling 
wrought  iron  and  in  deep  mines. 

Acclimatization  is  another  factor  fixing  the 
endurable  limit  of  temperature.  This  is 
brought  about  by  adaptation  of  the  heart,  the 
pulse  rate  not  being  so  markedly  accelerated ; 
by  reduction  in  the  respiration  rate;  and  by 
acceleration  of  the  perspiration  rate. 

The  question  of  humidity  is  especially  im- 
portant in  linen  and  cotton  weaving.  The 
weavers  show  a  considerable  lowering  of 
blood  pressure  as  compared  with  other  in- 
dustrial workers,  and  there  is  little  doubt 
that  their  efficiency  is  impaired  by  the  at- 
mospheric conditions  under  which  they  work. 

Atmospheric  conditions  influence  efficiency 
indirectly  through  the  effect  which  they  have 
on  the  frequency  of  accidents,  as  was  found 
in  two  large  shell  factories  during  the  War. 
Accident  frequency  was  at  a  mmimum  at  67°  ; 
at  temperatures  below  and  above  this  point  it 
increased  rapidly.  The  optimum  temperature 
for  accident  immunity  is  rather  higher  than 
that  for  working  efficiency,  but  the  frequency 
is  only  a  little  greater  at  60°  to  65°  than  at 
67°,  so  that  this  is  probably  the  best  tempera- 
ture range  to  aim  at. 

The  high  mortality  in  the  potters'  trade 
may  be  partly  due  to  the  overheated  state 
of  their  shops,  quite  apart  from  the  dust 
hazard  also  existing.  The  less  the  ventilation, 
the  hotter  and  more  humid  the  atmosphere, 
and  the  more  crowded  the  shops,  the  greater 
the  number  of  bacteria  present ;  and  every 
worker,  healthy  or  unhealthy,  thereby  runs 
an  increased  risk  of  infection — and  this  risk 
is  sometimes  very  great. — Barnett  Cohen. 

Providing  Good  Toilets.  R.  B.  Fleathcote. 
Factory,  Jan.,  1922,  28,  No.  1,  116.  — The 
B.  F.  Goodrich  Company  uses  "8-foot  units 
of  white-enameled  steel-ware  equipped  with 
five  goosenecks  provided  with  spray-heads 
about  two  inches  in  diameter,  located  20 
inches  from  the  bottom  of  the  lavatorj^ 
through  which  water  mixed  with  steam  flows 
with  some  pressure.  Also  between  each 
gooseneck  a  liquid  soap  dispenser,  of  a  tilt- 
ing style,  is  attached,  filled  with  a  good 
quality  of  liquid  soap."  Other  good  fea- 
tures are  that  the  lavatory  units  have  no  stop- 


pers at  the  waste  openings  and  that  paper 
towels  are  furnished. — M.  Dent. 

Cleaning  Cuspidor.s.  F.  K.  Douglass. 
Factory,  Jan.,  1922,  28,  No.  1,  112,  114.— 
The  B.  F.  Goodrich  Company  describes  the 
following  method  of  cleaning  cuspidors  in 
the  hope  that  the  suggestions  may  be  of  use 
to  other  plants. 

"A  rectangular  metal  box  is  used  for  both 
collection  and  distribution,  having  a  cover 
in  four  parts  (this  prevents  exposing  the 
contents  of  carriers  to  those  not.  in  sympathy 
with  tlie  tobacco  habit),  placed  on  a  4- 
wheel  truck  and  made  demountable  in  order 
that  the  load,  box  included,  may  be  promptly 
removed  from  the  truck,  and  a  load  of  clean 
cuspidors  started  on  its  tour  of  distribution 
and  collection. 

' '  Cuspidors  are  emptied  into  a  digestor 
composed  of  a  i/4-iiich  screen  receptacle 
placed  over  a  sewer  opening,  all  of  which  is 
surrounded  by  a  metal  cylinder  with  foot- 
operated  cover.  When  the  solid  matter  has 
filled  the  screen  receptacle  it  is  removed 
from  the  cylindrical  envelop  and  an  empty 
clean  one  replaces  it,  the  full  screen  being 
emptied  into  a  garbage  can  and  covered, 
ready  for  final  disposition  at  the  incinerator. 

' '  The  cuspidors  after  being  emptied  at  the 
digestor  ai-e  passed  to  a  bench  provided  with 
racks  properly  equipped  with  pegs  on  which 
to  set  the  bowl  and  covers  of  cuspidors. 
These  racks  are  then  placed  in  a  machine 
which  is  provided  with  warm  water  into 
which  has  been  placed  a  washing  solution. 
The  water  is  pumped  into  the  cuspidors 
through  rapidly  revolving  sprays  with  con- 
siderable force.  Wlien  this  washing  is  done, 
which  requires  about  li/o  minutes,  the  pump 
is  stopped  and  a  douche  of  steam  and  hot 
water  is  thrown  on  them,  thereby  rinsing 
them,  of  the  washing  solution,  and  thoroughly 
clean.sing  and  disinfecting  the  cuspidors. 
They  are  then  removed  from  the  trays  and 
placed  in  the  rectangular  box,  and  are  ready 
again  for  distribution.  Of  course,  when 
trays  are  removed  from  the  machine,  four 
more  trays  replace  them,  and  so  on  in  mul- 
tiple. The  cuspidors  used  in  this  factory, 
about  5,000  in  number,  are  made  of  galvan- 
ized metal,  about  9  inches  in  diameter,  with 
removable  top  which  is  concave  with  a  2-inch 
opening.  All  cuspidors  are  cleaned  every 
dav." — M.  Dent. 
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INDUSTRIAL  MEDICAL  SERVICE:  MEDICAL  DISPENSARIES  AND 
HOSPITALS  IN  INDUSTRIAL  PLANTS 


Health  Service  fob  Seattle  Building. 
Eelen  A.  Carnes.  Hosp.  Management,  Dec, 
1921,  12,  No.  6,  56,  58. — The  Metropolitan 
Building  Company  has  adopted  a  policj'  of 
hiring  employees  who  are  fit,  of  trying  to  keep 
them  fit  while  they  are  working  for  the  com- 
pany,- and  of  caring  for  them  when  they  are 
ill.  The  company  has  a  doctor  who  examines 
every  applicant  for  work  and  decides  what 
position  he  or  she  is  physically  able  to  fill. 
Old  employees  are  given  periodical  physical 
examinations  and  advice  as  to  treatment,  if 
any  is  necessary. 

In  examining  an  employee,  the  doctor  takes 
a  brief  family  history,  a  personal  history, 
height,  weight,  pulse,  temperature  and  blood 
pressure,  examines  the  nose,  throat,  heart  and 
lungs,  and  makes  an  analysis  of  the  urme  and 
a  careful  record  of  all  defects.  All  findings 
are  entered  on  the  examination  blank.  If  any 
recommendations  are  made,  the  personnel  de- 
partment sees  that  they  are  followed  out. 

The  company  pays  employees  for  absences 
on  account  of  illness  after  they  have  been  em- 
ployed six  months  and  after  the  third  day  of 
illness.  It  also  maintains  a  small  summer  camp 
where  employees  may  spend  their  vacations 
rent  free.  The  company  sees  a  return  for  all 
these  benefits  in  increased  enthusiasm  and 
co-operation  on  the  part  of  employees,  and  in 
lessened  absenteeism  and  labor  turnover. — 
M.  Dent. 

Health  Service  of  Stetson  Company. 
Hosp.  Management,  Dec,  1921,  12,  No.  6,  60, 
62.— The  John  B.  Stetson  Company  of  Phila- 
delphia has  every  comfort  and  health  pi'ovision 
possible  for  its  employees.  These  provisions 
include  factory  and  office  buildings  of  modern 
construction,  with  maximum  light  and  ventila- 
tion, cafeterias,  rest  rooms  for  women,  first-aid 
room,    dental    department,    and    a    sixty-bed 

hospital. 

The  first-aid  room  is  supervised  by  a  gradu- 
ate nurse  and  her  assistant.  Jlinor  accidents 
and  ailments  are  treated  there;  serious  cases 
are  sent  to  the  hospital  or  eared  for  by  the 
medical  director.  The  company  medical  direc- 
tor has  daily  office  hours  at  the  plant,  and  em- 
ployees may  call  for  advice  and  medicine  for 
the  sum  of  50  cents. 

Dental  service  is  available  from  i)  o'clock  to 


5  o'clock,  two  dentists  being  in  attendance, 
one  in  the  morning  and  one  in  the  afternoon. 
A  small  charge  is  made  for  dental  service  also. 
The  health  service  has  a  visiting  staff  con- 
sisting of  a  welfare  worker  and  a  graduate 
nurse,  who  visit  all  employees  after  they  have 
been  absent  two  days.  The  Stetson  hospital 
gives  general  service  besides  caring  for  em- 
ployees. Only  13  per  cent,  of  aU  patients 
cared  for  in  the  hospital  in  1919  were  employ- 
ees. An  employee  may  have  a  free  bed  in  the 
ward  or  in  a  semi-private  ward,  or  he  may 
pay ;  a  deduction  of  one-third  the  usual  charge 
is  made  for  him  if  he  wishes  to  pay. — M.  Dent. 

Health  Service  of  Armour  &  Co.  Hosp. 
Management,  Jan.,  1922,  13,  No.  1,  58,  64.— 
Armour  and  Companj'  make  no  pretense  of 
being  actuated  by  benevolence  in  maintain- 
ing their  employee  health  service,  but  do  so 
from  purely  business  motives  in  an  endeavor 
to  reduce  time  lost,  absenteeism,  and  labor 
turnover. 

The  Chicago  plant  of  the  company  has  a 
large,  centrally  located  and  well-equipped 
hospital  with  a  personnel  of  twelve,  which 
includes  an  X-ray  specialist  and  a  dentist. 
Employees  are  instructed  in  hygiene  and 
care  of  the  health.  The  dental  work  done 
by  the  company  is  mostly  prophylactic  and 
advisory,  dental  work  being  advised  if  seri- 
ous conditions  are  found.  If  the  employee 
is  not  fuiancially  able  to  have  the  work  done, 
the  necessary  funds  are  advanced  by  the 
company. 

A  gj'mnasium  for  men.  rest  rooms  for 
girls,  corrective  exercises,  and  aesthetic  and 
folk  dancing  for  girls  are  some  of  the  differ- 
ent kinds  of  health  service  rendered.  Any 
worker  who  has  illness  in  his  family  maj' 
request  the  company  physician  to  visit  his 
family.  The  company  also  assists  in  the 
maintenance  of  a  sanatorium  in  Arizona  for 
tuberculous  employees. — M.  Dent. 

An  Industrial  Emergency  Hospital.  Bert 
T.  Barnes.  Nation's  Health.  Jan.  15,  1922,  4. 
No.  1,  37. — This  paper  is  a  brief  description  of 
the  equipment  and  work  of  the  emergency 
hospital  at  the  ship  and  repair  yard  of  the 
-Morse  Dry  Dock  and  Repair  Company,  Brook- 
lyn, N.  Y.     The  antlioi-  enii)liasizes  especially 
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the  continuous  day  and  night  service  and  the 
follow-up  work  of  this  hospital ;  the  effort  to 
give  medical  treatment  to  all  injuries,  no  mat- 
ter how  trivial ;  the  utilization  of  specialists  in 
cases  requiring  unusual  attention ;  the  visiting 
of  employees'  families  by  the  hospital  nurses; 
and  the  co-operation  between  the  hospital  staff 
and  the  editors  of  the  employees'  magazine,  in 
their  mutual  efforts  to  promote  safety  work. — 
Katherine  R.  Drinker. 

1021  AND  THE  Industrial,  Ho-pital.  San- 
ford  DeHart.  Hosp.  Management,  Jan., 
1922,  13.  No.  1,  56-57,  64.— Many  industrial 
hospitals  were  curtailed  in  1921  for  the  fol- 
lowing reasons : 

1.  The   business   depression. 

2.  Over-expansion  of  the  hospital  depart- 
ment. Sometimes  the  personnel  comprised 
not  only  doctors  and  nurses,  but  also  physi- 
ologists,  osteopaths,   etc. 

3.  Because  the  physician  or  nurse  failed 
to  keep  the  plant  manager  informed  by 
weekly  or  monthly  reports  of  what  the  hos- 
pital, was  accomplishing.  When  the  man- 
ager knows  what  is  being  done  by  the  hospi- 


tal he  is  not  slow  to  see  the  humane  and  eco- 
nomic advantages  of  such  an  institution. 

The  physician  or  nurse  of  an  industrial 
hospital  is  doubly  valuable  because  he  or 
she  has  gathered  a  knowledge  of  the  prin- 
ciples governing  accident  prevention  and 
modern  manufacturing  methods  and  can 
make  remedial  suggestions  so  that  the  same 
injury   will  not   occur  twice. 

In  the  R.  K.  LeBlond  Tool  Company  the 
accident  prevention  work  was  placed  under 
the  supervision  of  the  medical  department 
three  years  ago.  The  remainder  of  this  ar- 
ticle points  out  how  the  co-operation  between 
the  medical  and  engineering  departments 
has  resulted  in  increased  efficiency  and  safety 
within  the  plant.  One  example  will  suffice 
to  illustrate  this  point.  Traumatic  conjunc- 
tivitis, blepharitis  and  keratitis  were  espe- 
cially prevalent  in  one  department.  A  con- 
ference was  called  between  the  medical  and 
engineering  departments  with  the  result  that 
a  safety  guard  was  installed  which  has  en- 
tirelv  eliminated  this  hazard. — M.  Dent. 


INDUSTRIAL  NURSING 


Inditstrial  Nursing  as  a  Means  of  Fight- 
ing Tuberculosis.  Lee  K.  Frankel.  Pub. 
Health  Nurse,  Jan.,  1922,  14,  No.  1,  3-7. 
■ — This  is  a  very  general  discussion  of  the 
possibilities  for  good  in  the  work  of  the  in- 
dustrial nurse  (including  both  the  shop 
nurse  and  the  nurse  of  the  visiting  nurses' 
association)  as  an  educator,  in  close  contact 
with  both  the  public  and  the  industrial  man- 
agement, and  bringing  to  the  employer  a 
knowledge  of  the  home  conditions  of  his 
workers.  It  is  the  business  of  the  industrial 
nurse  to  know  the  needs  of  the  workers,  not 
merely  during  the  hours  of  work,  but  at  all 
times,  and  to  see  that  industry  takes  proper 
care  of  its  workers  and  extends  its  interest 
to  all  the  conditions  upon  which  welfare  and 
efficiency  depend. 

One  of  the  natural  results  of  such  general 
oversight  will  be  the  periodic  health  exam- 
ination, and  then  we  shall  be  able  to  find 
tuberculosis  in  its  earliest  stages  and  can 
apply   treatment  with   every   probability   of 


cure.  The  results  of  the  experiment  in 
Framingham  where  two-thirds  of  the  popu- 
lation were  examined  show  that  at  present 
not  nearly  all  of  either  the  early  or  the  ad- 
vanced cases  of  tuberculosis  are  being 
reached. 

The  work  of  the  Metropolitan  Life  Insur- 
ance Company  of  New  York  shows  what  may 
be  done.  There  are  approximately  275  em- 
ployees working  in  the  New  York  office,  all 
of  whom  have  had  tuberculosis,  and  have 
had  treatment  at  the  company's  sanatorium. 
These  cases  were  discovered  because  the  com- 
pany requires  periodic  medical  examinations. 
The  nurses,  by  going  into  the  homes,  help 
to  find  the  early  conditions  producing  tuber- 
culosis. Eighty-five  per  cent,  of  those  treat- 
ed at  the  sanatorium  have  been  returned  to 
work  with  the  disease  corrected. 

As  a  further  illustration  of  what  may  be 
accomplished  by  adequate  attention  to  the 
whole  problem  of  the  employee,  the  welfare 
work  of  a  large  industrial  concern  in  the 
South    is    mentioned,    which    employs    fifty 
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physicians  and  a  large  number  of  nurses  and 
has  a  hospital  on  which  it  is  spending  a  mil- 
lion dollars.     It   is   a   part   of   the   work   of 


this  system  to  extend  care  to  the  families 
of  the  workers  at  all  times,  not  merely  when 
there  is  sickness. — G.  E.  Partridge. 


INDUSTRIAL   PERSONAL   AND   COMMUNITY   HYGIENE: 
HOUSING,  ETC. 


How  Health  Talks  Help.  T.  E.  Ray- 
mond. Factory,  Jan.,  1922.  28.  No.  1,  112, 
— The  author  sets  forth  the  advantages  of 
occasional  short  health  talks  to  employees, 
reminding  them  of  the  fact  that  personal 
hygiene  is  necessary  to  health.  An  example 
of  such  a  talk  is  given. — JI.  Dent. 

Cre-ating  Ixterest  in  Health.  J.  B. 
Jacobs.  Factory,  Jan,,  1922,  28,  No,  1,  108. 
— In  this  plant  pamphlets  and  posters  upon 
the  bulletin  board  had  failed  in  the  past  to 
arouse  any  interest  in  health.  The  doctor 
thereupon  devised  a  plan  to  divide  the  plant 


clubs  into  teams  between  which  a  health 
competition  should  be  held  for  the  period  of 
a  month.  "Cards  were  given  all  members 
containing  the  information  and  rules.  Daily 
exercise,  gymnasium  work,  swimming,  8 
hours'  rest  at  night,  proper  diet,  sleeping 
in  the  fresh  air  and  general  care  of  the  body 
were  counted.  The  perfect  score  was  100 
and  failure  to  observe  the  rules  was  checked 
by  a  committee  each  day." 

The  plan  succeeded  admirably  and  gen- 
eral interest  in  health  was  spread  through- 
out the  plant. — M.  Dent. 


INDUSTRIAL    INVESTIGATIONS    AND    SURVEYS 


MoTiox  STfDY  IX  Metal  Polishing.  E. 
Farmer,  assisted  by  R.  S.  Brooke.  Indust.  Fa- 
tigue Research  Board,  Report  No.  15,  Metal 
Series  Xo.  5.  His  Majesty's  Stationery  Of- 
fice, London,  1921,  pp,  65, — This  report  em- 
bodies the  results  of  an  extensive  investigation 
into  the  possibilities  of  applying  motion 
study  methods  in  the  buffing  trade.  "The 
effects  on  output  and  fatigue  are  clearly  in- 
dicated, and  certain  principles  are  suggested, 
not  confined  to  the  particular  process  inves- 
tigated but  immediately  applicable  to  all 
trades  in  which  the  grinding  or  polishing  of 
metal  is  carried  on,"  The  substance  of  the 
report  is  summarized  as  follows: 

"1.  By  close  observation  of  the  move- 
ments of  a  number  of  emery  wheel  filers,  pro- 
vided with  seating,  glass  screens  and  con- 
toured rests,  the  unproductive  time  was  con- 
siderably reduced.  Then  by  training,  and 
the  institution  of  a  team  in  the  case  of  'set' 
forks,  the  output  in  two  shops  increased  with- 
out any  apparent  increase  of  effort  on  the 
part  of  the  workers. 

"2.  The  design  and  provision  of  seats  for 
outside  dolliers  were  arrived  at  after  a  close 
study  of  an  individual  worker  on  a  wide  va- 


riety of  work  over  6-day  periods,  standing 
and  seated.  The  effects  of  seating  resulted  in 
greater  buoyancy  in  the  workers,  and  the  out- 
put seated  is  slightly  higher  than  with  con- 
tinuous standing 

"3.  The  methods  of  work  and  movements 
of  a  number  of  outside  grease  dolliers  were 
systematically  observed.  Astonishing  differ- 
ences were  noticed  between  workers  with  long 
years  of  experience.  Eventually  a  systema- 
tized set  of  movements  was  employed  in  a 
training  scheme  which  resulted  in  great  im- 
provement in  the  work  and  piece-work  earn- 
ing of  many  of  the  older  hands.  This  train- 
ing with  novices  in  a  few  days  enabled  a 
standard  efficiency  to  be  attained  hitherto 
.said  to  be  attained  only  after  months  of 
practice. 

"4.  A  similar  study  of  the  movements  in 
roughing  had  also  satisfactory  results  when 
applied  to  a  training  scheme,  although  in  this 
process  a  longer  time  is  required  to  attain 
proficiency  on  account  of  the  more  compli- 
cated movements.  The  attempt  to  reduce  the 
number  of  strokes,  to  do  more  work  with  the 
hands  and  less  movement  with  tho  body, 
quickly  leads  to  a  more  rhythmic  use  of  hu- 
man energy  with  increased  comfort  to  the  in- 
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dividual  and  improved  quality  of  the  work. 
"5.  The  process  of  glazing  on  wheels 
dressed  with  emery  was  under  observation, 
and  although  the  material  side  of  the  ques- 
tion is  somewhat  outside  the  scope  of  this  in- 
vestigation, the  change  of  practice,  by  reliev- 
ing some  of  the  more  strenuous  work  of 
roughing,  gives  a  noticeable  relief  to  the 
worker  and  considerably  reduces  the  rosin- 
ing required  to  keep  the  roughing  wheels  in 
condition.  This  glazing  of  the  edges  of 
spoons  and  forks  is  of  special  interest,  as  it 
is  one  of  the  chief  differences  between  French 
and  English  practice. 

"6.  A  recording  wattmeter  connected  with 
a  separate  motor  driving  an  individual  wheel 
enabled  a  graphical  illustration  of  every  sepa- 
rate movement,  and  an  approximate  estimate 
of  its  duration  and  strength,  to  be  obtained. 
These  records  for  the  moment  have  been  spe- 
cially directed  to  observing  the  incidence  of 
fatigue  at  different  periods  of  the  day's  work. 

"7.  Since  in  actual  practice  no  worker  can 
continuously  perform  any  operations  of  the 
nature  of  polishing  throughout  a  working  day 
without  suitable  rest  pauses,  an  attempt  was 
made  to  study  the  effect  of  artificially  intro- 
ducing regular  pauses  each  hour  and  com- 
paring the  time  thus  allowed  and  the  effect 
on  the  work  with  the  time  voluntarily  taken 
by  a  steady  worker. 

"8.  Attention  is  drawn  to  some  prelimi- 
nary results  obtained  by  running  an  insiding 
buff  at  different  speeds." 

From  the  findings  reported  it  is  concluded : 

"1.  A  definite  course  of  training  should 
be  given  to  all  workers  who  enter  the  buffing 
trade,  instead  of  allowing  them  to  pick  up 
their  trade  as  best  they  can. 

"2.  This  course  of  training  should  be 
based  on  the  principles  indicated  in  this  re- 
port. No  claim  is  made  that  they  represent 
a  final  stage  of  perfection,  but  only  that  they 
are  more  satisfactory  than  the  traditional 
methods. 

"3.  Further  experiments  should  be  car- 
ried out  in  the  buffing  trade.  Among  the 
problems  which  require  research  is  that  of 
vibration.  .  .  .  The  connection  between 
rhythm,  fatigue  and  rest  pauses  should  be 
more  carefully  examined. 

"4:.  Efforts  should  be  made  on  the  tech- 
nical side  to  devise  an  abrasive  which  is  less 


dusty  and  dirty  than  loose  sand,  and  not  so 
coarse  as  an  emery  wheel. 

".5.  Seats  should  be  provided  for  the  work- 
ers and  their  benches  should  be  modified  in 
such  a  way  as  to  permit  the  use  of  the  seats 
without  discomfort  being  caused  by  inade- 
quate space  for  the  legs. 

"6.  Further  research  should' be  carried 
out  on  the  proper  size  and  breadth  of  wheels 
and  the  most  economical  speed  at  which  they 
should  revolve." — M.  C.  Shorley. 

An  Investigation  into  the  Packing  op 
Chocolates.  E.  Farmer  and  A.  B.  B.  Eyre. 
Jour.  Nat.  Inst.  Indust.  Psychol.,  Jan.,  1922, 
1.  No.  1,  12-16. — ^Fatigue  in  chocolate  pack- 
ers is  mental  rather  than  physical,  as  the 
chocolates  have  to  be  packed  in  such  a  way 
as  to  produce  an  artistic  effect.  By  introduc- 
ing a  new  type  of  bench  and  arranging  the 
varieties  of  chocolates  in  a  more  convenient 
way  for  selection,  so  as  to  increase  the 
rhythm  of  the  movements  and  diminish  the 
need  for  voluntary  decisions,  the  output  was 
increased  36  per  cent.,  though  part  of  this 
improvement  was  due  to  the  maintenance  of 
a  more  regular  supply  of  chocolates.  The 
hourlj-  output  curve,  previous  to  the  improved 
conditions,  showed  a  rapid  fall  during  the 
course  of  the  afternoon  spell,  but  subsequently 
it  kept  at  a  steady  level,  presumably  because 
of  a  reduction  in  fatigue. — H.  M.  Vernon. 

An  Investigation  into  the  Tin-Box  In- 
dustry. E.  Farmer  and  R.  St.C.  Brooke. 
Jour.  Nat.  Inst.  Indust.  Psychol.,  Jan.,  1922, 
1,  No.  1,  9-11. — Conditions  which  induced 
unnecessary  fatigue  in  the  workers  were  in- 
vestigated, and  in  consequence  many  small 
improvements  in  the  manufacture  of  tin 
boxes  were  introduced.  For  instance,  the 
size  of  the  piece  of  short  metal  supplied  to 
the  workers  was  found  to  be  unsuitable.  On 
substitution  of  a  better  size,  a  saving  of  time 
amounting  to  from  30  to  40  per  cent,  was 
effected  in  some  instances.  The  sheets  of  tin 
were  not  kept  at  the  right  height,  and  the 
girls  had  to  stoop  to  pick  them  up.  By  plac- 
ing the  sheets  on  a  box,  the  stooping  was 
avoided,  and  the  time  of  the  complete  stamp- 
ing operation  was  reduced  9  per  cent.  Again, 
some  girls  were  found  to  be  more  expert  at 
soldering  round  boxes  than  angular  boxes, 
and  others  showed  the  opposite  capacity; 
they  were,  therefore,  sorted  out  and  put  on 
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the  process   at   which   they   were   most   effi-     rest  pauses  were  carried  out,  with  useful  re- 
cient.     Other  experiments  in  seating  and  in     suits. — H.  M.  Vernon. 

INDUSTRIAL  PSYCHOLOGY  AND  INDUSTRIAL    MANAGEMENT 
IN  ITS  HEALTH  RELATIONS 


The  Human  Factor  ix  Industey.  III. 
C.  H.  Northcott.  Indust.  Management,  Dec, 
1921.  62,  No.  6,  363-369.— This  is  a  general 
study  of  the  instincts  and  desires  displayed 
in  industrial  life,  with  the  practical  conclu- 
sions for  industry  based  upon  the  following 
propositions:  (1)  The  springs  of  human  ac- 
tion lie  in  instinctive  predispositions  which 
experience  hardens  into  desire  or  aversion, 
and  habit  consolidates.  (2)  A  normal  and 
healthy  life  is  dependent  upon  adequate  sat- 
isfaction of  these  innate  tendencies.  (3) 
The  balking  or  repression  of  these  impulses 
causes  disquiet,  agitation,  or  some  direct 
form  of  perverted  conduct. 

The  most  powerful  instinct  in  industrial 
life  is  the  gregarious  instinct,  and  very 
closely  related  to  it  is  the  tendency  to  sym- 
pathetic emotion.  Another  important  ele- 
ment is  the  impulse  to  gain  leadership  and 
mastery — and  the  capitalistic  system  is 
based  largely  on  the  cultivation  of  this  in- 
stinct, which  has  greater  strength  when  the 
more  elementary  desires  have  obtained  satis- 
faction. Contrasted  with  this  instinct  is  that 
of  submission  which  prompts  men  to  follow 
a  leader.  Analysis  of  industrial  life  shows 
other  instincts,  such  as  the  creative  or  self- 
expressive  instinct,  appearing  as  an  instinct 
of  workmanship ;  the  instinct  of  pugnacity ; 
and  the  instinct  of  fear. 

These  instincts  are  powerful  and  urge  to- 
ward expression ;  their  repression  is  followed 
by  .  many  manifestations  of  disturbance. 
"TTnlike  the  unused  muscle  they  do  not  die 
of  inanition."  Inner  conflicts  are  caused, 
and  one  of  the  most  natural  results  of  re- 
pression is  anger. 

There  is  much  in  industry  that  is  repres- 
sive of  the  instincts.  The  gregarious  instinct 
is  repressed  by  every  effort  to  destroy  col- 
lective bargaining  and  every  refusal  to  re- 
ceive accredited  representatives  of  workers, 
^lodorn  conditions  of  industry  deny  the  op- 
portun'ty  of  leadership  to  most  men.  Mod- 
ern industry  is  repressive  in  that  it  tends  to 
suppress  initiative  and  to  discourage  respon- 


sibility and  self-direction.  The  atmosphere 
is  mainly  one  of  opposition.  A  process  of 
modification  of  instincts,  and  hardening  into 
habits  is  constantly  going  on,  so  that  if  we 
think  of  the  behavior  of  man  as  merely  a 
clashing  of  instincts  we  leave  out  one  essen- 
tial fact. 

If  the  repression  of  instincts  were  final 
and  irrevocable,  nothing  but  disaster  could 
result.  The  hope  of  a  peaceful  future  lies  in 
the  alteration  of  the  character  of  industry 
under  the  guidance  of  intelligence.  Indus- 
trial engineers  have  set  about  the  gradual 
changing  of  industry  in  the  direction  of  the 
normal  expression  of  human  nature.  They 
have  shown  that  the  gregarious  instinct  can 
receive  due  recognition,  and  it  is  now  being 
demanded  that  industry  shall  afford  an  op- 
portunity for  the  development  of  personality 
and  of  a  full  and  satisfying  life.  It  is  re- 
quired of  industry  that  it  become  a  medium 
for  education  and  experience,  and  the  means 
by  which  personal  intelligence,  initiative  and 
sense  of  responsibility  may  be  increased. 
These  are  demands  made  by  the  workers 
themselves,  and  arise  from  a  clear  perception 
of  their  own  needs. — G.  E.  Partridge. 

A  Comparison-  of  Speed  with  Accuracy  in 
THE  Learning  Process.  Mary  Sturt.  Brit. 
Jour.  Psychol.,  Dec,  1921,  Vol.  12,  289-300.— 
It  was  formerly  maintained  that  in  learning 
habits  involving  muscular  activity  it  is  better 
to  insist  at  the  outset  on  accuracy  rather  than 
speed.  Gilbreth  has  recently  controverted  this 
view,  and  maintains  that  speed,  not  accuracy, 
should  be  insisted  on,  for  he  points  out  that 
slow  movements  are  inevitably  different  in 
form  from  (the  same)  fast  movements.  The 
question  was  put  to  a  practical  test  with  two 
groups  of  ten  girls,  all  of  them  aged  12  to  14. 
They  were  selected  from  large  groups  on  the 
strength  of  similar  performances  in  various 
tests  (memory,  spelling,  etc.).  The  groups 
were  at  different  schools,  so  that  they  could 
not  discuss  the  experiment  with  one  another. 
Each  subject  was  given  two  half-hours'  teach- 
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ing  a  week  in  typewriting  for  sixteen  weeks. 
The  subjects  at  one  school  were  told  that  speed 
was  the  important  consideration,  and  they 
were  given  marks  and  prizes  simply  for  speed ; 
while  the  other  group  were  told  to  aim  at  ac- 
curacy, and  their  papers  were  returned  to 
them,  corrected  for  mistakes,  but  with  no  men- 
tion of  speed.  Then  for  six  weeks  the  instruc- 
tions given  to  the  two  groups  were  reversed, 
and  it  was  found  that  almost  immediately  the 
"accuracy  group,"  though  previously  much 
slower,  attained  the  same  speed  as  the  former 
"speed"  group,  but  the  speed  group  did  not 
attain  the  accuracy  of  the  former  "accuracy" 
group  till  the  end  of  the  six  weeks.  Hence  it 
appears  that,  so  far  as  typewriting  is  con- 
cerned, the  same  speed  is  obtained  finally 
whether  or  not  speed  is  insisted  on  at  the  start. 
Also  it  seems  probable  that  a  high  quality  of 
work  can  be  obtained  finally,  without  insisting 
on  a  high  quality  throughout  the  learning  pro- 
cess. Still,  it  seems  unwise  to  demand  speed 
from  the  very  beginning,  as  it  becomes  more 
difficult  for  the  learner  to  acquire  correct 
movements. — H.  M.  Vernon. 


Tests  for  Clerical  Occupations.  Cyril 
Burt.  Jour.  Nat.  Inst.  Indust.  Psychol.,  Jan., 
1922,  1,  No.  1,  23-27. — A  very  elaborate  set  of 
tests  for  clerical  occupations  is  described, 
which  includes  graded  tests  of  intelligence  and 
educational  attainments,  i.  e.,  tests  of  linguis- 
tic ability  and  general  information,  and  nu- 
merous tests  of  speed  and  accuracy  in  type- 
writing and  shorthand.  The  whole  series  takes 
about  two  hours,  and  was  applied  to  thirty 
typists  in  the  office  of  an  Education  Authority. 
The  results  of  the  test  agreed  very  closely  with 
the  general  views  of  the  supervisor,  and  it  was 
possible  to  deduce  from  the  individual  per- 
formances a  list  of  minimal  standards  of  merit 
(1)  for  those  capable  of  work  of  a  high  order 
of  intelligence;  (2)  for  those  capable  of  mere- 
ly mechanical  work;  (3)  for  those  at  present 
unfit  for  practical  work,  but  likely  to  become 
capable  after  further  training;  and  (4)  for 
those  incapable  of  shorthand  and  typing.  De- 
tailed correlations  will  be  published  later. — 
H.  M.  Vernon. 


INDUSTRIAL   SERVICE   AND   MUTUAL    BENEFIT    ASSOCIATIONS 


Lecture  Conference  for  "Welfare  Super- 
visors. Industrial  Welfare  Society,  London, 
1921. — This  publication  reports  the  proceed- 
ings of  the  second  annual  conference  of  the 
Industrial  Welfare  Society,  which  was  held  at 
Balliol  College,  Oxford.  Conferences  such  as 
this  were  inaugurated  during  the  War  by  the 
Welfare  and  Health  Section  of  the  Ministry 
of  Munitions.  Their  success  has  led  to  their 
continuance;  indeed,  a  further  conference 
was  held  (also  at  Balliol  College)  by  the 
Welfare  Workers'  Institute  in  January  of 
this  year.  The  value  of  these  conferences, 
where  the  members  attending  live  together  for 
several  days  in  college,  meet  one  another  for 
exchange  of  views,  and  hold  informal  gather- 
ings at  any  moment,  is  far  greater  than  can  be 
evaluated  by  merely  reviewing  the  lectures 
and  addresses  given. 

The  conference  was  opened  by  Lord  Gorell, 
first  chairman  of  the  Miners'  Welfare  Com- 
mittee (now  succeeded  by  Lord  Chelmsford, 
late  Vicei'oy  of  India).  He  dwelt  upon  the 
unique  way  in  which,  under  the  Mining  In- 
dustry Act,  the  welfare  movement   is  being 


spread  throughout  the  coal  fields,  and  in  the 
course  of  a  scholarly  address  emphasized  the 
importance  of  education  to  industrial  welfare. 
Dr.  Gorell  spoke  from  his  experience  in  or- 
ganizing education  for  the  army,  and  from  the 
benefit  which  has  resulted.  That  way  leads  to 
knowledge,  at  once  the  foe  of  unrest  and  the 
foundation  of  sound  practice.  Mr.  C.  D. 
Burns  discussed  economic  history,  with  special 
reference  to  industry  and  to  the  factors  con- 
cerned with  industrial  legislation  in  the  nine- 
teenth century.  He  showed  how  each  advance 
was  a  step  on  the  road  to  the  welfare  move- 
ment, by  which  a  man  should  be  able  to  find 
his  humanity,  not  merely  in  leisure,  but  in  his 
actual  work.  The  next  lecturer  was  Mr.  E. 
Farmer,  who  dealt  with  industrial  psychology, 
a  subject  bound  to  come  to  the  front  once  the 
individuality  of  each  worker  receives  atten- 
tion. Stress  was  laid  on  the  need  for  separat- 
ing this  subject  from  that  of  the  economics  of 
production.  Efficiency  may  and,  indeed,  is 
bound  to  result,  but  efficiency  should  not  be 
the  only  objective.  The  individual,  his  capac- 
ity and  natural  i-hythms,  and  the  way  in  which 
physical    energy   can   be  conserved   and    not 
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wastefully  expended,  should  come  first.  Un- 
profitable industrial  disputes  are  often  based 
on  psychological  irritation,  an  irritation  re- 
sulting from  wasteful  expenditure  of  energy; 
while  industrial  accidents  are  frequently  an 
outward  sign  of  the  same  inward  and  mun- 
dane ennui.  Here  vocational  selection,  occu- 
pational training  and  motion  study  are  needed 
to  enable  the  worker  to  find  in  his  work  an  in- 
tellectual service,  in  place  of  a  monotonous 
routine. 

The  subject  of  camps  and  camping  was  in- 
troduced by  Mr.  R.  S.  Wood.  He  told  how 
last  year  railway  vouchers  had  been  issued  to 
nearly  100,000  young  persons  travelling  to 
camps,  but  that  far  too  few  were  issued  to  boys 
industrially  employed ;  and  he  impressed  upon 
his  audience  the  value  of  camp  life  for  creat- 
ing a  spirit  of  comradeship,  discipline,  good 
form  and  good  tone,  in  addition  to  a  tradition 
of  open-air  life  and  of  enjoying  the  out-of- 
doors.  Dr.  C.  W.  Kimmins  was  in  his  element 
in  pressing  the  educational  possibilities  pre- 
sented by  the  new  day-continuation  .scheme 
just  launched  in  London  and  elsewhere.  He 
pointed  out  that  welfare  supervisors  had  here 
a  magnificent  opportunity  of  applying  modern 
educational  methods  and,  through  research,  of 
obtaining  an  idea  of  the  make-up  and  special 
aptitudes  of  juveniles.  In  this  way  a  neces- 
sary link  between  education  and  industry 
could  and  should  be  forged.  The  value  of  folk 
dances  and  music  in  recreation  was  made 
manifest  by  Mr.  C.  J.  Sharp,  who  told  of  his 
discovery  of  a  bit  of  Elizabethan  England  still 
existing  in  the  center  of  the  United  States, 
where  an  illiterate  and  isolated  community 
had  preserved  the  songs  and  dances  of  "Mer- 
ry England."  This  happj'  people,  who  knew 
how  to  play  and  live  abundant  lives,  had  re- 
tained an  art  nearly  lost  by  modern  industrial 
peoples.  Folk  dances  and  folk  songs  should 
be  preserved  and  taught  again ;  they  are 
quickly  learned  because  they  are  in  the  blood ; 
they  supply  an  outlet  for  faculties  not  exer- 
cised at  work,  and  this  is  the  true  object  of 
recreation. 

The  attitude  of  labor  toward  industrial  wel- 
fare was  the  subject  of  a  pronouncement  by 
Mr.  P.  Bramley.  He  laid  his  hand  on  the  cold 
Marxian  doctrine  that  improvements  which 
tend  to  make  industrial  conditions  under 
capitalism  more  tolerable  only  perpetuate  a 


wrong  economic  system,  and  declared  it  not 
merely  moribund,  but  dead.  He  welcomed 
welfare  and  all  means  of  health  culture  as 
advantageous  to  physical  and  mental  develop- 
ment. By  this  means  may  be  broken  down  the 
antagonism  and  suspicion  only  too  prevalent 
today  between  employers  and  workers ;  for 
welfare  woi-k  cannot  be  successful  without  the 
consent  and  goodwill  of  both  workers  and  em- 
ployers. He  promised  the  movement  the  un- 
qualified support  of  organized  labor.  This 
address,  which  should  be  read  as  published, 
was  one  of  great  importance,  and  marks  the 
great  advance  made  from  the  semi-veiled  or 
open  opposition  of  only  four  years  ago. 

Sir  Andrew  Duncan,  who  followed,  spoke 
from  the  employer's  point  of  view  and  pointed 
out  that  welfare  was  a  movement  on  the  part 
of  industry  itself,  not  driven  thereto  by  legis- 
lation ;  it  represented  a  practical  problem  for 
attack.  He  placed  the  inside-the-workshop 
aspect  first,  by  which  means  men  might  come 
to  say  that  they  loved  for  its  own  sake  the 
work  which  provides  their  livelihood.  Welfare 
should  start  with  the  juveniles,  to  whom  men 
should  show  example  in  craftsmanship  and 
conduct,  and  employers  should  extend  sjTn- 
pathy  and  encouragement  during  apprentice- 
ship in  craft  training  and  craft  discipline.  In 
relation  to  outside-the-workshop  activities,  the 
employer  only  functions  as  any  other  citizen 
to  maintain  the  spirit  of  welfare  which  en- 
dures whether  times  be  good  or  bad.  He  held 
that  the  welfare  of  those  employed  was  an 
obligation  or  burden  which  industry  cannot 
afford  to  pass  on  entirely  to  other  aspects  of 
communal  life  and  citizenship. 

The  last  address  was  delivered  by  Professor 
E.  L.  Collis,  who,  in  dealing  with  the  health  of 
the  industrial  worker,  pointed  out  certain 
broad  principles  of  health  and  the  way  in 
which  welfare  supervisors  can  act  as  apostles 
of  preventive  medicine.  In  so  doing,  he 
touched  upon  the  importance  of  ventilation, 
personal  hygiene,  drinking  water,  food  and 
light,  as  well  as  the  rules  underlying  activity 
and  fatigue.  He,  like  the  previous  speaker, 
laid  stress  on  the  paramount  importance  of 
inside-the-workshop  conditions,  and  warned 
his  hearers  against  devoting  too  much  time  to 
the  more  sho\Arj'  and  attractive  subject  of 
recreation. — E.  L.  Collis. 
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Industrial  Hygiene.  T.  Oliver.  Ab- 
stracted as  follows  from  Colliery  Guarcliau, 
1921.  Vol.  122,  307-308,  by  C.  C.  Davis,  iii 
Chera.  Abstr.,  Feb.  10,  1922.  16,  No.  3,  451. 
— "An  address  dealing  with  CO  poisoning 
and  other  industrial  hazards." 

The  Problem  op  Industrial  Hygiene  and 
THE  Co-operation  op  Physicians  in  Indus- 
trial Supervision.  H.  Rasch.  Zentralbl.  f. 
Gewerbehyg.,  Sept.,  1921,  9,  No.  9,  185-190. 
(Conclusion  of  article;  the  first  part  was 
abstracted  in  This  Journal,  Jan.,  1922,  3, 
Xo.  9,  205.) — Supervision  of  conditions  in 
the  factory  and  in  the  surrounding  com- 
inunity  should  be  entrusted  to  the  same  of- 
ficial. Industrial  hygiene  cannot  dispense 
with  the  constant  participation  of  physi- 
cians, acting    with    the    technical    inspectors 


and  administrators.  The  ])laiis  used  in 
Hamburg  are  outlined  as  examples  of  how 
physicians  may  participate  in  several  ways 
in  such  work. — E.  L.   Sevringhaus. 

The  Problem  of  Industri^vl  Hygiene  and 
THE  Co-operation  op  Physicians  in  Indus- 
trial Supervision.  Holtzmann.  Zentralbl. 
f.  Gewerbehyg.,  Sept.,  1921,  9,  No.  9,  190- 
192. — The  author  reiterates  and  emphasizes 
the  arguments  presented  bj'  Rasch  in  his 
paper  by  the  same  title,  which  is  reviewed  in 
the  preceding   abstract. — E.   L.   Sevringhaus. 

Draft  Conventions  and  Recommenda- 
tions Adopted  by  the  Third  Session  op  the 
International  Labour  Conference.  In- 
ternat.  Labour  Office,  Ofiicial  Bull.,  Dec.  7, 
1921,  supplement  to  Vol.  4,  No.  23,  pp.  26. 
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— The  Draft  Conventions  and  Recommenda- 
tions included  in  this  number  of  the  Officio! 
Bulletin  are  listed  below  for  the  benefit  of 
interested  readers: 

Recommendation  concerning  tlie  prevention  of 
unemployment  in  agriculture. 

Recommendation  concerning  the  protection,  be- 
fore and  after  child-birth,  of  women  wage-earners 
in  agriculture. 

Recommendation  concerning  night  work  of 
women    in    agriculture. 

Draft  Convention  concerning  the  age  for  admis- 
sion  of  children  to  emplo.vment  in  agriculture. 

Recommendation  concerning  night  work  of  chil- 
dren and  young  persons  in  agi-iculture. 

Recommendation  concerning  the  development  of 
technical  agricultural  education. 


Kei-ommeudation  concerning  li\iug-in  conditions 
of   agricultural    workers. 

Draft  Convention  concerning  the  rights  of  asso- 
ciation  and   combination  of  agricultural   workers. 

L>raft  Convention  concerning  workmen's  com- 
pensation in  agriculture. 

Recommendation  concerning  social  insurance  in 
agriculture. 

Draft  Convention  concerning  the  use  of  white 
lead  in   painting. 

Draft  Convention  concerning  the  application  of 
the  weekly  rest  in  industrial  undertakings. 

Recommendation  concerning  tlie  apiilication  of 
tlie  weekly  rest  in  commercial  establishments. 

Draft  Convention  fixing  the  minimum  age  for 
the  admission  of  young  persons  to  employment  as 
trimmers   or  stokers. 

— M.  C.  Shorlev. 


SYSTEMIC  OCCUPATIONAL  DISEASES:    OCCURRENCE,  TREATMENT 

AND  PREVENTION 


CENTRAL  NERVOUS  SYSTEM 

Post-Traumatic  Neurosks:  Their  Mech- 
anism. Joseph  Catton.  Calif.  State  Jour. 
Med.,  Dee.,  1921,  19,  No.  12,  468-471.— In 
this  address,  delivered  before  the  Fiftieth 
Annual  Meeting  of  the  Medical  Society  of 
the  State  of  California,  Dr.  Catton  presents 
the  attitudes  of  the  three  schools  of  thought 
which  have  developed  as  a  result  of  the  ef- 
forts to  explain  the  basic  mechanism  of  the 
mental  and  nervous  disturbances  following 
physical  trauma.  The  first  school  holds  that 
there  is  a  definite  organic  basis  for  the 
phenomena :  the  second,  that  the  disease 
pictures  I'est  on  a  psychogenic  and  non- 
organic basis;  and  the  third  is  made  up  of 
investigators  who  have  varying  opinions  in- 
cluding organic  and  psychogenic  features. 


The  following  suggestions  are  made  in  the 
hope  that  they  may  indicate  lines  of  in- 
vestigation : 

''Difi'erential  symptomatology  should  be 
worked  out  as  between  the  frank  and  less 
frank  organic  conditions,  the  latter  of  which 
have  been   termed  functional. 

"Surveys  should  be  made  of  the  after- 
histories  of  accident  cases  thought  to  have 
been  settled  by  the  'lump  sum  closure 
method.' 

"Early  complete  examinations  should  be 
made  in  order  to  detect  loqalizing  organic 
signs  which  may  later  disappear. 

"Experimental  work  on  animals  should  l)e 
continued  as  regards  injuries  to  the  nervous 
system  following  physical  trauma  with  or 
without  external  evidences  of  injury." — JI. 
C.  Shorlev. 


POISONOUS  HAZARDS  AND  THEIR   EFFECTS:    GASES, 
CHEMICALS,  ETC. 


Diffuse  Hemorrhage  of  the  Heart  Mus- 
culature IN  A  Case  of  Poisoning  by  Il- 
luminating Gas.  Georg  Strassmann.  Wien. 
klin.  Wehnschr.,  1921,  Vol.  34,  483-484.— 
This  rather  rare  occurrence  is  believed  to 
have  been  due  to  the  abnormal  constitution 
of  the  individual  described. — Rarnett  Cohen. 


Koel.sch.  Zentralbl.  f.  Gewerbehyg.,  Sept., 
1921,  9.  No,  9,  198-203.— This  article  pre- 
sents a  review  of  the  .symptoms  and  the  types 
of  cases  of  methyl  alcoliol  poisoning,  the 
methods  of  absorption  of  the  poison,  and 
the  necessary  precautions. — E.  L.  Sevring- 
haus. 


The   OcciTi'.vrioNAL  and  Mfcdical  REvir:\v 
OF  Wood   Spihit   or   .Methyl   Alcoiioi,.      F. 


Hazards    in     Workixc    with     Denati'rer 
Ai.coiioL.    P.urnisher  s  EczKMA.    F.  Koclsch. 
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Zentralbl.  f.  Gewerbehyg-.,  Sept.,  1921,  9,  No. 
9,  203-207. — The  eczema  of  burnishers  occurs 
among  those  using  alcohol  denatured  with 
methyl  alcohol, .pyridine,  or  turpentine.  The 
cause  is  not  decided.  It  may  be  due  to  the 
removal  of  the  fat  and  water  from  the  skin 
by  the  alcohol  itself,  and  by  the  use  of  the 
strong  soap  for  cleansing.  Simple  rules  for 
treatment  are  given. — E.  L.  Sevringhaus. 

The  Impending  Prohibition  op  the  TJ.se 
OF  White  Lead  and  the  Methods  op  Blood 
Study  as  a  Defense.  Johannes  ScJwenfeld. 
Zentralbl.  f.  Gewerbehyg.,  Nov.,  1921,  9,  No. 
11.  2.56-264. — A  variety  of  industries  would 
suffer  severely  if  the  use  of  white  lead  were 
prohibited.  The  conservation  of  health  does 
not  demand  such  a  step.  Study  of  the  blood 
has  made  diagnosis  so  much  more  accurate 
that  the  effects  of  lead  can  be  detected  before 
clinical  signs  appear.  Experience  of  the 
author  and  of  others  is  cited  to  show  how 
early  diagnoses  are  made  and  how  affected 
individuals  are  cured.  The  author  consid- 
ers thirty  basophilic  staining  red  cells  per 
million  evidence  of  lead  influence,  although 
no  intoxication  may  have  taken  place.  He 
believes  polychromatophilia  to  be  even  earlier 
as  a  sign  of  lead  influence  than  the  baso- 
philic degeneration. — E.  L.  Sevringhaus. 

LiiLiD  Poisoning  and  the  International 
Labour  Conference.  H.  E.  Armstrong. 
Brit.  Med.  Jour.,  Dec.  17.  1921,  No.  3181, 
1042-1044. — A  question  arising  at  the  Geneva 
Conference  was  whether  medical  science  was 
in  a  position  to  diagnose  lead  poisoning 
properly,  and  the  report  received  stated  that 
only  specially  trained  medical  men  could  di- 
agnose saturnism. 

The  writer  complains  that  his  efforts  at 
the  Conference  to  bring  into  the  discussion 
the  effects  of  volatile  thinners  were  thwarted, 
and  that  the  medical  subcommittee  reported 
that,  as  far  as  painters  using  white  lead  or 
other  lead  compound  are  concerned,  saturn- 
ism is  the  chief  risk  f although  the  statistics 
are  vitiated  in  several  ways),  and  that  b.v  far 
the  most  important  danger  is  from  dust  that 
enters  through  the  nose  and  mouth. 

The  dust  produced  by  dry  rubbing  down 
is  the  chief  risk  in  painting,  and  if  this  is 
eliminated    and    careless    work    deprecated 


there  should  be  little  objection  to  house- 
■' painting  as  an  occupation.  The  risks  from 
lead  poisoning  in  the  white  lead  and  the  pot- 
tery industries  have  been  nearly  abolished  by 
the  introduction  of  mechanical  methods  of 
removing  dust  and  by  wise  regulations.  Tt 
is  also  proved  conclusively  that  volatile  com- 
pounds of  lead  are  not  given  off  by  paint  as 
has  been  .so  often  asserted.  Turpentine,  on 
the  other  hand,  is  a  cause  of  poisoning  which 
has  often  been  attributed  to  lead.  In  fact, 
all  solvents  of  oil  which  can  be  used  as  thin- 
ners in  paints  and  varnishes  are  lethal  sub- 
stances, and  there  is  danger  in  repeated  and 
continued  exposure  to  small  amounts  of  tur- 
pentine and  similar  substances.  —  G.  E. 
Partridge. 

Industrial  Poisoning  in  Making  Coal- 
Tab  Dyes  and  Dye  Intermediates.  Alice 
Hamilton.  U.  S.  Dept.  Labor.  Bull.  No. 
280,  1921,  pp.  87.— This  report  on  the 
hazards  from  poisoning  in  the  indu.stries  us- 
ing coal  tar  dyes  and  intermediates  is  based 
in  part  on  inspections  of  plants  in  the 
United  States  and  in  Europe,  and  in  part 
on  a  study  of  all  the  available  literature 
dealing  with  the  subject.  There  is  a  brief 
historical  review  indicating  the  rapid 
change  from  crude  and  careless  practices  lo 
the  present  stage  of  efficiency,  a  stage  which, 
however,  leaves  room  for  much  improvement. 
The  fullest  treatment  is  given  to  the 
benzene  derivatives,  but  phosgene,  the  ali-  ' 
pliatic  compounds  and  inorganic  compounds 
are  also  reported  on.  Lists  of  the  substances 
that  are  .shown  to  be  harmful  by  the  reports 
of  factory  inspectors  both  in  the  United 
States  and  Germany  are  given,  with  other 
data  and  a  summary  of  the  experiences  of 
the  two  countries.  The  various  processes 
used  in  manufacture  are  described  in  out- 
line, since  "it  is  impossible  to  generalize 
about  the  dangers  of  the  color  industry." 
There  is  a  section  on  prevention  of  occupa- 
tional poisoning,  and  the  following  topics 
are  treated  in  the  five  appendices:  structure 
of  the  benzene  ring  and  its  principal  deriva- 
tives; products  derived  from  coal  (chart)  ; 
rules  and  regulations  suggested  for  safety 
in  the  manufacture  of  benzene  derivatives 
and  explosives  (for  Massachusetts)  ;  safety 
standards  for  the  manufacture  of  nitro  and 
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amido  compounds  adopted  by  New  Jersey 
and  Pennsylvania ;  regulations  for  the  man- 
ufacture of  niti-o  and  amido  derivatives  of 
benzene  and  of  explosives  with  use  of  dinitro- 
benzol  or  dinitrotoluol. 

The  subject,  as  presented  by  the  author,  is 
far  too  complex  to  allow  brief  summarizing. 
The  paper  should  be  read  in  its  entirety  by 
all  interested  in  its  topic. — G.  E.  Partridge. 

Valve  of  Calculi  Sulfide  ix  Bichlor- 
ide OF  ^MERcrRY  Poisoning.  S.  W.  Sapping- 
ton  and  G.  A.  Hopp.  Abstracted  as  follows 
from  Hahnemannian  ilonthly.  1921.  Vol.  56, 
753-761.  by  J.  S.  Hepburn,  in  ('hem.  Ab.str., 
Feb.  20,  1922.  16,  No.  4,  590.— "Of  22  rab- 
bits in  which  Hg  was  given  as  a  poison  and 
CaS  as  an  antidote,  18  died,  17  within  5  days 
and  1  on  the  6th  day.  Of  the  remaining  4 
live  rabbits.  1  was  given  a  neutral  test-tube 
mixture  of  poison  and  antidote,  another  had 
the  antidote  poured  immediately  on  top  of 
the  poison  in  the  stomach,  a  third  survived 
after  an  intravenoiis  injection  and  a  fourth 
after  excessive  doses  of  CaS  by  the  stomach. 
Only  2  of  the  22  rabbits  could,  in  the  prac- 
tical sense,  be  said  to  have  been  saved  by  the 
antidote." 

A  Report  on  the  D.vngers  of  Penetra- 
ting Radiations  and  the  [Methods  of  Avoid- 
ing Them.  A.  Broca.  Abstracted  as  follows 
from  Jour,  de  radiol.  et  d'electrol..  1921.  Vol. 
5,  414.  in  Med.  Science,  Feb..  1922.  5.  No.  5. 
451-452. — "The  author  begins  by  giving  an 
account  of  emanation  in  which  he  states  that 
it  is  only  dangerous  when  confined,  and  es- 
pecially so  to  those  charging  the  tubes:  those 
who  apply  either  radium  or  its  emana- 
tion to  patients  do  not  come  under  the  di- 
rect action  of  its  rays  because  of  the  screens. 
He  con.siders  the  question  of  the  effect  on 
the  atmosphere  and  concludes  that  good 
ventilation  will  avert  all  danger.  He  puts 
forward  the  hypothesis  that  possibly  the  ini- 


nute  trace  of  emanation  often  observable  in 
the  air  is  useful  to  life  or  even  indispen- 
sable, and  says  that  institutes  of  radium 
shoiald  not  be  classed  as  unjiealthy  institu- 
tions with  the  quantities  at  present  in  exist- 
ence. 

"Danijers  of  Penetrating  Radiations  for 
the  Manipulators — Methods  of  Protection. — 
An  account  of  the  various  lesions  caused 
by  X-rays  and  radium  is  given,  and  the 
author  states  that  in  institutes  of  radium, 
lesions  analogous  to  the  chronic  le.sions 
caused  by  X-rays  are  seen ;  leucopenia  espe- 
cially is  mentioned.  To  combat  this  the  per- 
sonnel at  the  Radium  Institute  of  Paris 
have  their  blood  examined  periodically  and 
are  given  the  holidays  necessary  to  maintain 
the  blood  in  order ;  these  precautions  have 
been  found  to  be  sufficient.  In  brief,  the 
points  to  be  observed  are:  (1)  only  handle 
a  radio-active  tube  with  forceps,  taking  ad- 
vantage of  the  falling  off  of  the  radiation 
according  to  the  sqiiare  of  the  distance ;  (2) 
to  protect  deep  organs  from  effects  at  a  re- 
mote  date  use   lead  screens. 

"Protection  of  Medical  Personnel  and 
their  Surroundings. — The  author  states  that 
every  X-ray  bulb  should  have  an  absorb- 
ent cover  and  every  beam  of  rays  should  be 
as  small  as  possible.  These  devices  will  not 
always  be  sufficient  when  using  penetrating 
rays  over  a  long  period,  and  here  advantasre 
of  the  square  of  the  distance  law  can  be 
taken." 

"Conclusions.  —  The  younger  radiologists 
who  take  the  precautions  mentioned  above 
are  not  affected  bj^  chronic  radiodermatitis 
or  by  leucocytic  disorders.  At  present  a 
radiological  installation  is  not  prejudicial  to 
the  neighbourhood.  In  conclusion  the  author 
states  that  those  who  make  radiolosry  their 
work  are  much  the  same  as  those  medical  men 
who  are  daily  exposed  to  infectious  diseases; 
the  dangers  in  the  two  cases  are  of  the  same 
order  of  probability." 


DCrrPATTOXAL  INFECTIOUS  DISEASES:    OCCURRENCE, 
TREATMENT  AND  PREVENTION 


Industrul  TuBERCiLOSis.  F .  II  umhcrt .  Tn- 
ternat.  Jour.  Pub.  Health.  Nov.-Dec,  1921, 
11,  No.  6,  621-630.— The  main  part  of  this 
paper  consists  of  tables  derived  from  a  study 
made  by  the  Prudential  Insurance  Company 


of  New  York  on  the  basis  of  their  experi- 
ence in  the  years  from  1907  to  1912.  The  per- 
centage of  deaths  from  tuberculosis  in  un- 
healthy trades  (28  trades  included)  is  giv- 
en.    The  statistics  are  said  to  "confirm  in  a 
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large  measure  findings  which  are  now  classi- 
cal," but  to  show  also  some  variation. 

Tuberculosis  of  the  lungs,  other  forms  of 
tuberculosis  and  other  respiratory  diseases 
causing  death  are  recorded  for  three  age 
groups  (15  to  24,  25  to  44,  45  and  over)  for 
the  different  occupations  of  the  list.  The  oc- 
cupations have  been  grouped  also  in  regard 
to  the  essential  hazard  involved,  and  the  per- 
centage of  deaths  (in  proportion  to  all  dis- 
eases) is  given  for  the  different  age  groups 
and  the  types  of  respiratory  disease  for  each 
occupational  group. 

It  is  shown  that  different  places  are  taken 
by  the  same  occupation  according  to  the  age, 
and  it  is  also  pointed  out  that  the  relative 
danger  of  tuberculosis  can  only  be  deter- 
mined for  any  given  trade  by  giving  the  tu- 
berculosis death  rate  in  it  as  a  percentage  of 
the  total  death  rate.  "This  method  of  com- 
parison acquits  tuberculosis  of  various  un- 
just accusations."  The  high  tuberculosis  mor- 
tality in  certain  trades  corresponds  with  a 
higher  general  mortality. 

Greenwood  maintains  that  analysis  of 
statistics  on  these  points  should  take  account 
of :  (a)  industrial  selection — type  of  phy- 
sique chosen  by  the  occupation,  the  age  at 
which  workers  enter,  etc.;-  (&)  industrial 
status;  (c)  the  industrial  environment.  To 
quote  from  Collis  and  Greenwood:  "The 
role  of  the  factory  is,  by  confinement  in  mo- 
notonously ventilated  rooms  and  by  causing 
general  fatisue,  to  reduce  the  resistance  of 
the  operative  to  those  sources  of  infection  to 
which  he  is  exposed  in  the  natural  course  of 
life." 

It  is  the  theory  of  Collis  and  Greenwood 
that  the  industrial  environment,  whatever  it 
may  be.  is  one  cause  of  "tuberculization;" 
and  this  theory  was  borne  out  by  experiences 
in  industry  during  the  War.  "The  propor- 
tion of  tuberculosis  deaths,  as  compared  with 
the  total  mortality  increased  from  35  per 
cent,  to  42  per  cent,  in  the  industrial  regions, 
but  not  in  the  others." 

Tebb  conducted  an  inquiry  in  some  muni- 
tions factories  and  showed  that  tuberculosis 
(as  measured  by  officially  reported  cases) 
was  five  times  as  frequent  in  the  group  of 
factories  in  which  building  construction  and 
hvgienic  conditions  wore   poor,   as  compared 


with  "large  modern  factories,  well  con- 
structed and  managed  in  conformity  with 
the  requirements  of  hygiene." 

Brauning  has  published  figures  about 
tuberculosis  among  hospital  nurses.  The  gen- 
eral tuberculosis  morbidity  in  this  class  is 
60  per  10,000,  as  compared  with  63  per  10,- 
000  among  insured  people  in  all  occupations. 
But  a  careful  study  of  eases  shows  "a 
marked  preponderance  of  infection  amongst 
women  who  were  formerly  healthy  and  who 
have  had  charge  of  cases  of  tuberculosis." 

Maes  has  studied  the  effects  of  a  secluded 
and  ascetic  life  as  explaining  the  predomi- 
nance of  tuberculosis  in  a  Catholic  congre- 
gation. But  Hamel's  results  are  in  partial 
contradiction  with  the  findings  of  Maes. 

Tuberculosis  morbidity  and  mortality 
statistics  should  be  compiled  on  a  uniform 
plan  and  .should  not  be  used  without  consult- 
ing both  the  general  mortality  rate  and  the 
incidence  of  tuberculo.sis  relative  to  other  in- 
dustries. The  influence  of  industrial  life  on 
tuberculosis  morbidity  might  be  reduced  by 
the  application  of  general  measures  of  hy- 
giene not  specially  directed  against  ti;ber- 
culosis. 

"Special  surveys  should  be  carried  out  for 
each  separate  occupation  in  order  to  disclose 
the  ultimate  avoidable  causes  of  contagion 
and  to  stimulate  scientific  prophylaxis." — 
G.  E.  Partridge. 

Disinfecting  Skins  and  Hair  for  An- 
THR.AX.  Hennj  Field  Smyth.  Am.  Jour. 
Hyg..  Sept.-Nov.,  1921.  1,  Xos.  5-6  541- 
556. — "This  paper  gives  details  of  several 
series  of  tests  carried  out  by  the  author  on 
the  disinfection  of  skins  and  horse  hair  for 
anthrax. 

' '  In  these  tests  five  strains  of  anthrax  bacil- 
li were  employed,  an  old  laboratory  stock 
strain,  three  strains  isolated  from  tannery 
soak  vats  and  one  strain  isolated  from  horse 
hair. 

"Especially  resistant  spores  were  obtained 
by  preliminary  growth  on  wheat  agar. 

"Re.i'uvenation  of  spores  damaged  by 
treatment,  but  not  killed,  was  encouraged  by 
subculture  in   dextrose-serum-bouillon. 

"In  testing  action  on  skins  the  most  satis- 
factory method  of  preparing  samples  was 
found     to     be     intradermal     inoculation     of 
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soaked  squares  of  skin  with  saline  suspen- 
sious  of  anthrax  spores. 

"The  lime  soak  of  5  per  cent.  CaO  per- 
mitted by  the  Bureau  of  Animal  ludustry 
regulations  proved  to  be  unreliable,  even 
after  a  72-hour  exposure. 

•'The  Schattenfroh  method  of  soaking 
skins  in  2  per  cent.  HCl  and  10  per  cent. 
NaCl  solution  for  48  hours  at  room  tempera- 
ture gave  uniformly  good  results  if  carried 
out  under  conditions  similar  to  those  em- 
ployed in  the  tannery,  and  produced  skins 
that  could  be  made  into  satisfactory  leather. 


■'Anthrax  infested  horse  hair  can  be  satis- 
factorily disinfected  by  several  methods : 

"(a)  By  steam  under  pressure  in  the 
autoclave   (15  lbs.)  for  30  minutes. 

"  (ft)  By  dry  heat— 200°  F.  for  24  hours 
(but  not  200°  F.  for  15  min.  as  permitted  by 
the  Bureau  of  Animal  Industry). 

"(c)  By  formaldehyde  as  used  in  Eng- 
land. 

"Cyllin  disinfectant  in  the  strength  and 
under  the  conditions  certified  in  England 
will  not  kill  anthrax  spores." 


OCCUPATIONAL    AFFECTIONS    OF  THE  SKIX  AND  SPECIAL  SENSES 


Eye  Conseev-\tion  in  Industry.  Eye- 
sight Conservation  Bull.,  No.  1,  1922,  pp.  29. 
— This  pamphlet,  published  by  the  Eye  Sight 
Conservation  Council  of  America,  presents 
one  important  phase  of  the  study  of  "Waste 
in  Industry"  as  conducted  luider  the  aus- 
pices of  the  Federated  American  Engineer- 
ing Societies — namely,  the  chapter  on  con- 
servation of  vision.  The  subject  is  treated 
under  three  headings:  hazards,  vision,  and 
illumination. 

Hazards. — The  effectiveness  of  protective 
methods  is  discussed,  and  reports  from  sev- 
eral large  industries  are  included  as  proof 
of  the  advantages  of  goggles.  A  list  of  the 
processes  or  operations  in  which  protection 
to  the  eyes  is  necessary  is  quoted  from  the 
"National  Code  for  the  Protection  of  the 
Heads  and  Eyes  of  Industrial  Workers," 
and  the  requirements  and  standards  for  gog- 
gles, methods  of  overcoming  objections  to 
goggles,  and  the  treatment  of  unavoidable 
accidents   are  given   brief  consideration. 

Vision. — "That  coi-rection  of  sub-standard 
vision  produces  an  increase  in  return  that 
will  pay  for  its  cost — though  no  set  of  fig- 
ures at  hand  w-ill  place  this  return  on  a  de- 
pendable monetary  basis — is  the  conclusion 
of  the  management  in  plants  where  several 
years  of  trial  have  provided  a  basis  for  judg- 
ment." As  examples,  the  experiences  of  the 
Hood  Rubber  ('ompany.  of  the  Cheney  Silk 
Company,  and  of  Sears-Roebuck  and  Com- 
pany are  cited. 

Figures  are  given  showing  the  frequency 
of    sub-standard    vision,    and    emphasis    is 


placed  on  the  necessity  of  visual  acuity 
standards  which  will  give  the  necessary 
minimum   for  each  kind  of  work. 

Illumination. — Although  the  value  of  good 
lighting  has  been  recognized  for  some  time, 
it  has  not  been  sufficientlj^  appreciated,  on 
a  monetary  basis,  to  enforce  its  general 
adoption.  This  is  shown  in  a  tabulated  re- 
port of  the  lighting  conditions  found  in  446 
plants  investigated. 

The  requirements  for  efficient  lighting  are 
stated  briefly,  and  the  merits  of  different 
lighting  systems  are  compared.  "The  cost 
for  providing  adequate  illumination  for  the 
entire  industry  of  the  country  would  amount 
to  one-half  per  cent,  to  one  per  cent,  of 
wages.  The  cost  per  capita  of  correcting  vi- 
sion, instituting  and  eari-ying  out  measures 
of  protection  against  hazards  and  bringing 
the  lighting  up  to  good  standards,  is  defi- 
nitely greater  in  the  small  plant  than  in  the 
larger  organizations — those  employing  two 
thousand  workers  or  more — and  the  small 
plants  are  in  the  large  majority.  These 
smaller  plants  are  therefore  less  ready  to 
take  up  any  of  these  measures  unless  the 
earty  returns  of  a  dividend  can  be  clearly 
shown.  Reports  of  more  stiidy,  the  example 
of  the  earlier  ones  to  t-ike  the  steps,  must  be 
brought  before  them  constantly  so  that  ef- 
forts to  check  preventable  loss  along  these 
lines  may  become  more  nearly  universal." 

A  copy  of  this  bulletin  may  be  secured  by 
forwarding  25  cents  in  stamps  to  the  Eye 
Sight  Conservation  Council  of  America, 
Times  Building,   New  York  Citj'. 
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OCCURRENCE  AND  PREVENTION  OF  INDUSTRIAL  ACCIDENTS 


The  Promotion  of  Accident  Prevention. 
Part  ii.  Schoeneich.  Zentralbl.  f.  Gewer- 
behyg..  Sept.,  1921,  9,  No.  9,  207-211.— In- 
juries with  disability  lasting  over  fourteen 
weeks  are  due  more  to  the  dangers  of  daily 
life  and  work  than  to  the  special  occupation- 
al risks.  The  increa.sing  toll  of  accidents, 
in  spite  of  law.s  and  mechanical  devices,  can 
be  met  only  by  getting  co-operation  in  pre- 
ventive work  among  all  the  workers.  The 
function  of  the  school  is  discussed  at  length 
in  this  regai'd. — E.  L.  Sevringhaus. 

Insepar.\ble  Safety  Devices.  Hans  Hcd- 
ericli.  Zentralbl.  f.  Gewerbehyg.,  Nov.,  1921, 
9,  No.  11,  271-274. — Diagrams  are  shown  of 
several  safety  devices  which  are  designed  to 
make  the  different  types  of  presses,  to  which 
they  are  attached,  inoperable  if  they  are  de- 
tached or  are  not  used. — E.  L.  Sevringhaus. 

A  Fatal  Accident  from  Welding  a  Ben- 
zine Container.  Morgner.  Zentralbl.  f. 
Gewerbehyg.,  Sept.,  1921,  9,  No.  9,  211-212. 
— ^A  metallic  benzine  container  was  sent  in 
for  repair  of  a  leak.  Welding  with  the  acety- 
lene flame  caused  an  explosion  with  fatal 
result  to  the  operator  because  the  vapors  of 
the  benzine  had  not  been  completely  removed 
from  the  tank.  Difficulty  in  removing 
vapors  of  hydrocarbons  is  pointed  out,  and 
the  methods  recommended  are  discussed. — 
E.  L.  Sevringhaus. 

FiREFOAM  Protection  of  Extra-Haz.'Vrdoijs 
Risks  ix  Manifactories.  D.  M.  Patterson. 
Abstracted  as  follows  from  Chem.  and  Metall. 
Engin.,  1921,  Vol.  25,  887-888,  by  W.  H. 
Boynton,  in  Chem.  Abstr.,  Jan.  20,  1922,  16, 
No.  2,  804. — "In  the  dye-making,  paint  and 
varnish  industries  water  has  little  value  as 
protection  against  fire.  An  automatic  Fire- 
foam  sprinkler  system  is  effective.  The  sys- 
tem requires  two  solution  tanks  and  two 
separate  piping  sy.stem.s.  one  pipe  to  deliver 
AL  (SOJ  ,  solution  and  the  other  NaHCO, 
solution  containing  Foamite.  The  foam 
produced  upon  contact  of  these  two 
solutions  has  a  volume  eight  times 
their  combined  volumes.  Mixture  is  ef- 
fected   at    the    sprinkler    head.       The    tank 


storing  the  acid  solution  must  be  of 
wood  of  special  construction  or  of  Pb-lined 
steel.  The  dry  pipe  system  and  ordinary 
piping  are  generally  used  to  eliminate  the 
necessity  of  Pb-lined  pipe  throughout  and 
the  system  must  be  washed  out  with  water 
after  use.  The  valveless  .system  used  for 
small  installations  is  illustrated.  The  solu- 
tion tanks  are  filled  2/3  full  of  the  solutions 
and  air  pressure  built  up  to  the  pressure  re- 
quired to  deliver  the  solutions  to  the  heads. 
The  same  pressure  is  built  up  in  the  pipe 
lines  through  the  check  valves;  these  have 
a  small  orifice  through  them  which  compen- 
sates for  minor  leaks  in  the  air  pipes,  but 
is  too  small  to  compensate  when  a  sprinkler 
head  is  released.  The  result  of  this  unbal- 
anced piTssure  in  the  solution  tanks  starts 
the  sprinklers." 

Safety  in  the  California  Petroleum 
Industry.  Roy  W.  Kelly.  Nat.  Safety 
News,  Jan.,  1922,  5,  No.  1,  13.— Owing  to 
the  fact  that  the  majority  of  employees  en- 
gaged in  the  oil  industrj*  are  native-born  or 
of  native-born  parentage,  the  problem  of  or- 
ganized safety  work  is  very  simple. 

The  Associated  Oil  Company,  which  has  a 
typical  safety  program,  has  a  safety  organi- 
zation headed  by  a  safety  board  consisting 
of:  the  general  superintendent  of  produc- 
ing fields,  the  manager  of  manufacturing, 
the  chief  engineer,  the  manager  of  the  tax 
and  claim  department,  and  the  manager  of 
the  industrial  relations  department.  Local 
safety  committees  exist,  both  in  producing 
fields  and  in  the  refineries,  of  representatives 
of  workmen  and  of  foremen. 

The  functions  of  the  safety  board  are  su- 
per-snsorj'  and  executive.  It  originates  plans 
and  passes  upon  suggestions  made  by  local 
committees.  It  secures  data  upon  which  to 
base  its  safetj^-  campaigns.  In  each  of  the 
eight  large  divisions  of  the  company,  the  in- 
dustrial relations  department  has  an  em- 
ployment foreman  who  is  responsible  for  the 
following  matters :  employment,  inspection 
of  housing  and  sanitation,  investigation  of 
grievances,  safety,  etc. 

Records  show  the  causes  and  number  of 
accidents.      Of   these,   the   majority   are   due 
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to  carelessuess,  inattention,  or  the  wrong 
metliod  of  doing  the  work.  In  order  to  de- 
crease the  number  of  accidents,  educational 
channels  have  been  opened  through  mass 
meetings  with  lectures  and  motion  pictures, 
bulletin  boards  with  accompanying  photo- 
graphs, the  establishment  of  a  small  library, 
and  a  "Xo  Accident  Week."  —  'SI.  C. 
Hamblet. 

Cement  Plant  Accidents  Cit  7.")  Per 
Cent,  in  1921  Sapett  Drr'es.  H.  G.  Jacob- 
son.  Xat.  Safety  News.  Feb..  1922.  5,  No.  2, 
21. — "During  the  past  year  the  Bureau  of 
Accident  Prevention  and  Insurance  of  the 
Portland  Cement  Association  has  conducted 
safety  campaigns  at  a  number  of  its  plants 
in  the  form  of  no-accident  months.  The  pur- 
pose of  these  campaigns  was  to   prove  that. 


taking  the  plants  in  their  present  generally 
well  guarded  condition,  about  75  per  cent,  of 
the  accidents  can  be  prevented  by  applica- 
tion of  more  efBcient  methods  for  selling  the 
propo.sition  to  the  men. 

"Thirty-nine  plants  during  various 
months  of  the  year  conducted  these  no-acci- 
dent month  campaigns  with  the  result  that, 
in  comparison  with  the  corresponding  month 
of  the  previous  year  with  approximately  the 
same  number  of  men  employed  during  these 
months : 

"The  number  of  accidents  was  reduced 
from  155  to  45,  or  70.9  per  cent ; 

"Days  lost  were  reduced  from  2.205  to 
504,  or  77.1  per  cent. : 

"Deaths  were  reduced  from  4  to  1.  or  75 
per  cent." — M.  C.  Hamblet. 


IXDUSTRIAL   SURGERY 


Underground  Dressing  Stations.  R.  R. 
Bayers.  Hosp.  Management,  Jan.,  1922,  13, 
Xo.  1,  60,  62. — The  construction,  location 
and  equipment  of  first-aid  rooms  in  mines 
are  dealt  with  in  this  article.  A  first-aid 
dressing  station  should  be  built  with  the  pos- 
sibility in  mind  of  its  being  used  as  a  refuge 
chamber,  with  doors  and  stoppings  gas 
proof.  It  is  sometimes  possible  to  locate  a 
station  under  a  diamond  drill  hole  or  core 
drill  hole  extending  to  the  surface.  This 
will  help  to  ventilate  the  chamber,  serve  as 
conduit  for  telephone  and  electric  wires,  and 
if  the  station  is  used  as  a  refuge  after  a  dis- 
aster, food  and  water  can  be  lowered  to  tlie 
trapped  miners  through  it. 

The  minimum  equipment  required  in  gov- 
ernment leased  mines  is  given.  First-aid 
material  should  be  kept  in  tight  containers. 
In  addition,  a  well-equipped  first-aid  cabi- 
net, a  woolen  blanket,  a  water-proof  blanket, 
a  set  of  splints  and  a  .stretcher  should  bo 
kept  convenient  to  the  live  workings  in  each 
section  of  the  mine. 

Objections  concerning  the  stealing  and 
abuse  of  first-aid  materials,  the  tendency  to 
take  an  injured  man  to  the  station  before 
caring  for  his  injury  in  any  way,  and  the 
fact  that  men  having  minor  injuries  dressed 
at  the  station  feel  that  it  is  unnecessary  to 
be  treated   by  a  physician,  are  an.swered. 


Medical  and  JMedical-Defense  Aspects 
OP  Fractures.  J.  E.  Tuckerman.  Ohio 
State  Med.  Jour.,  Xov.  1,  1921,  17,  Xo.  11, 
735. — Up  to  May,  1921,  in  forty  instances 
out  of  107  matters  referred  to  the  Ohio  Med- 
ical Defense  Committee,  dissatisfaction  arose 
from  fractures.  Fractures  cause  upwards 
of  one-half  the  suits  against  physicians,  and 
this  accords  with  the  experience  of  medical 
defense  committees  in  other  states.  The 
keeping  of  case  records  is  therefore  impor- 
tant. 

The  various  complications  arising  from 
fracture  are  commented  on :  the  tendency 
of  charity  patients  and  those  misrepresent- 
ing their  economic  status  to  be  induced  to 
enter  suit  more  frequently  than  others;  the 
physical  condition  of  patients  and  complicat- 
ing diseases;  complicating  infectious:  pain; 
and  concealed  fractures.  The  value  of  the 
radiograph  record  taken  before  and  after 
sotting,  the  limitations  of  the  radiograpli 
record,  and  the  restoration  of  function  are 
also  discussed. — -G.  E.   Partridge. 

Fractured  Femurs.  C.  E.  Early.  Calif. 
State  Jour.  Mod.,  Dee..  1921.  19,  Xo,  12,  474- 
477. — The  author  concludes  with  the  follow- 
ing sumnuiry : 

"1.  Fracture  of  the  femur  is  a  serious 
process,  both  in  its  immediate  aspect  and  its 
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possibility  of  permanent   impairment   of  the 
artisan 's  function. 

"2.  The  Whitman  and  Thomas  splint 
methods  bring  almost  perfect  resiilts  if  prop- 
erly applied.  The  medical  profession  was 
slow  to  take  them  up  but  the  great  war.  and 
later  experiences  in  industrial  surgery, 
proved  their  efficiency. 

"3.  Every  case  should  be  painstakingly 
watched.  Daily  inspection  and  frequent  X- 
ra.y  examinations  are  as  essential  as  the 
proper  application  of  the  method  chosen  for 
treatment. 


"4.  The  mobility  of  the  knee  should  be 
carefully  guarded  both  by  free,  passive,  and 
active  movements  and  massage. 

"I  have  purposely  not  entered  into  the 
discussion  of  compounded  fractures  of  this 
bone,  because  the  essentials  of  treatment  are 
the  same  as  in  uncomplicated  cases,  save  for 
the  proper  management  of  the  soft  parts  and 
any  ensuing  infection.  This  would  open  up 
the  field  of  the  treatment  of  wounds  and  in- 
fections and  would  really  not  in  any  way 
be  tantamount  to  the  essential  process  con- 
sidered here — the  treatment  of  fractured 
femurs."— M.  C.  Shorlev. 


INDUSTRIAL   PHYSIOLOGY:    NUTRITION,  METABOLISM, 
FATIGUE,  ETC. 


ISecond  Annual  Report  op  the  Ixdustri.Uj 
Fatigue  Research  Board  to  September  30, 

1921.  H.    M.     Stationery     Office,    London, 

1922,  pp.  65. — This  report  on  the  work  ac- 
complished by  the  Industrial  Fatigue  Re- 
search Board  is  one  of  unusual  interest  since 
it  contains  an  admirable  analysis  which  sets 
forth  how  the  facts  established  in  the  vari- 
ous reports  which  have  been  issued  tit  into 
the  whole  study  of  human  activity. 

The  report  first  details  the  means  of  meas- 
urement used  in  the  different  investigations 
— output,  labor  turnover,  sickness  and  mor- 
tality, lost-time  and  accidents — and  then 
proceeds  to  narrate  how  they  have  been  ap- 
plied in  many  industries,  such  as  the  manu- 
facture of  munitions  of  war;  boot  making; 
textile  spinning  and  weaving;  the  manu- 
facture of  iron,  steel,  and  tinplates:  metal 
polishing;  and  foundry  work. 

This  report  shows  how  coherent  has  been 
the  work,  and  how  immense  advances  have 
been  made  in  this  new  science,  the  study  of 
the  human  factor  in  industry.  Regularity 
of  output  from  hour  to  hour,  from  spell  to 
spell,  and  from  day  to  day,  is  found  to  mark 
high  efficiency  and  sound  physiological  en- 
vironment ;  this  follows  from  the  conclusion 
that  output  is  controlled  by  two  opposing 
factors:  (a)  increased  efficiency  due  to  prac- 
tice, which  causes  a  rise  in  output;  and  (6) 
fatigue  effects,  which  accumulate  during  the 
course  of  the  spell,  of  the  day,  or  of  the 
week,    and    tend    to    bring    about    a    gradual 


fall  in  output.  Whatever  postpones  fatigue 
effects  permits  full  play  of  efficiency  due  to 
practice.  Rest-pauses,  organized  to  suit  dif- 
ferent processes,  are  found  useful  to  this 
end.  Attention  to  the  personal  rhythm  of 
the  workers  produces  important  results. 
Ventilation  planned  on  physiological  lines 
is  shown  to  be  of  great  value  and  to  be  prac- 
ticable. Optimum  temperatures  for  differ- 
ent classes  of  work  are  established.  The  in- 
fluence of  illumination  is  displayed.  The 
effects  of  reducing  and  of  lengthening  hours 
of  work  have  been  fully  prospected.  The  in- 
fluence of  the  human  and  of  the  mechanical 
factors  on  work  are  established.  Vocational 
selection  and  motion  stiidy  have  received 
attention ;  and  in  relation  to  the  latter  the 
new  work  referred  to  promises  to  revolu- 
tionize previous  methods  and  ideas. 

Throughout  the  report  appeal  is  made  to 
statistics  and  to  excellent  diagrams  in  sup- 
port of  the  conclusions  arrived  at.  The  whole 
is,  however,  so  condensed  that  no  adequate 
summary  can  be  presented.  The  document 
is  indeed  quite  different  from  ordinary  re- 
p(U'ts,  and  resembles  rather  a  well  and  care- 
fully written  textbook,  to  which  everyone 
interested  in  the  subject  of  industrial  hy- 
giene must  turn  for  information  and  advice. 

The  machinery  and  organization  for  car- 
rying on  the  research  during  the  year  un- 
derwent reconstruction,  necessitated  by  the 
stem  need  for  economy.  Opportunity  was 
at   the   same  time   taken  to   widen   the  terms 
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of  reference  to  the  Board,  so  that  in  future 
the  scope  of  activities  may  cover  all  sides 
of  human  industrial  aeti\'ity. — E.  L.  CoUis. 

Industrial,  Fatigue  in  Chemical,  Works. 
E.  F.  Armstrong.  Jour.  Soe.  Chem.  Indust., 
Jan.  16.  1922,  41.  No.  1.  2-3R.— A  brief  gen- 
eral article  to  the  effect  that  labor  in  chemi- 
cal plants  is  confronted  with  work  requiring 
a  greater  degree  of  intelligence  and  of  a  less 
monotonous  type  than  the  ordinar.y  piece- 
work met  with  in  general  manufacturing. 
Shorter  hours  of  labor  and  the  general  dis- 
inclination of  the  worker  to  exert  himself 
make  the  problem  of  industrial  fatigue  of 
minor   importance. — Philip   Drinker. 

The  Problem  of  Int^ustrial,  Fatigue  m 
India.     Glarhjs  M.  Brougliion.    Jour.  Indian 


Indust.  and  Labour,  Nov..  1921.  Vol.  1.  Part 
■1. — This  article  is  a  good  summary  of  the 
work  which  has  been  done  in  England.  In- 
terest is  attached  to  its  appearance  in  India 
and  to  an  appeal  which  the  author  makes 
for  similar  work  to  be  undertaken  in  that 
country.  She  asks  for  records  to  be  kept 
of  output,  sickness,  labor  turnover,  and  ac- 
cidents for  purposes  of  subsequent  scientific 
analj^sis  and  study.  India  presents  its  own 
problems;  industrialism  is  young;  there  is 
no  hereditary  industrial  class  and  labor  is 
almost  entirely  recruited  from  the  ranks  of 
agricultural  workers.  Hence,  unique  oppor- 
tunities exist  for  watching  and  investigating 
the  effect  of  industrial  development,  and  for 
guiding  it.  as  it  has  not  been  guided  else- 
where, from  small  beginnings  on  hygienic 
lines.— E.  L.  Collis. 


INDUSTRIAL    SANITATION:    FACTORY    CONSTRUCTION,    ILLUMINA- 
TION, VENTILATION,  HEATING, WATER  SUPPLY,  SEWAGE  DISPOSAL 


The  Report  of  the  Committee  (British) 
ON  Smoke  and  Noxious  Vapoutjs  Abate- 
ment. J.  B.  Cohen.  Jour.  Soc.  Chem.  In- 
dust., Jan.  16,  1922.  41.  No.  1.  1-2R.— A  re- 
view of  the  report  of  the  above  committee. — 
Philip  Drinker. 

Second  Report  of  the  Departmental 
(Home  Office)  Committee  on  Lighting 
IN  Factories  and  Workshop.?.  Illuminating 
Engineer,  Oct.,  1921.  14,  No.  8,  192.— This 
committee  was  appointed  in  1913,  issued  its 
first  report  in  1915.  and  resumed  work  after 
the  war  in  1920.  The  second  report  which 
has  now  been  issued  deals  chiefly  with:  (1) 
glare;  (2)  shadow;  (3)  constancy.  In  the 
first  report  glare  was  defined  as  resulting 
from:  (1)  the  effect  of  looking  directly  at 
a  bright  source  of  light;  (2)  the  annoyance 
caused  bj'  the  presence  of  a  bright  source  of 
light  towards  the  edge  of  the  field  of  vision; 
(3)  the  result  of  looking  at  polished  sur- 
faces. The  first  essential  is  the  proper  shad- 
ing of  the  light  sources,  and  in  this. connec- 
tion the  committee  makes  the  following 
recommendations : 

1.  Glare. — "(A)  ....  Every  light  source 
(except  one  of  low  brightness)  within  a  dis- 
tance of  100  feet  from  any  person  employed 


shall  be  so  shaded  from  such  person  that  no 
part  of  the  filament,  mantle  or  flame  is  dis- 
tinguishable through  the  shade,  unless  it  be 
so  placed  that  the  angle  between  the  line 
from  the  eye  to  an  unshaded  pai't  of  a  source 
and  a  horizontal  plane  is  not  less  than  20 
degrees,  or  in  the  case  of  any  person  em- 
ployed at  a  distance  of  6  feet  or  less  from 
the  source,  not  less  than  30  degrees." 

"(B)  .  .  .  .  Adequate  means  shall  be 
taken,  either  by  suitable  placing  or  screen- 
ing of  the  light  sources,  or  by  some  other 
effective  method,  to  prevent  direct  i-eflection 
of  the  light  from  a  smooth  or  polished  sur- 
face into  the  eyes  of  the  worker." 

2.  S}in(hw. — "  (C)  .  .  .  .  Ade([uate 
means  shall  be  taken  to  prevent  the  forma- 
tion of  shadows  which  interfere  with  the 
safety  or  efficiency  of  any  person  employed." 

3.  Constancy. — "(D)  ....  No  liglit 
sources  which  flicker  or  undergo  abrupt 
changes  in  candlepower  in  such  a  manner  as 
to  interfere  with  the  safety  or  efficiency  of 
any  person  employed  shall  be  used  for  the 
illumination  of  a  factory  or  workshop." 

"fE">  .  .  .  .  Tliat  as  regards  existing 
installations  a  reasonable  time  limit  should 
be  given  before  the  above  requirements  be- 
come operative." — T.  L.  Llewellyn. 
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Industrial  Lighting.  Some  Notes  on 
THE  Annual  Report  of  H.  M.  Chief  In- 
spector OF  Factories  for  1920.  Illuminat- 
ing Engineer,  Nov.,  1921,  14,  No.  9,  213.— 
Attention  is  called  to  the  Welfare  Pamphlet 
No.  7  on  "Lighting  in  Factories  and  Work- 
shops." One  of  the  worst  features  is  the 
neglect  of  natural  lighting;  broken  panes 
are  not  repaired  but  are  stuffed  with  rags, 
windows  are  allowed  to  become  covered  with 
dust  or  obscured  with  paint.  Thick  dulled 
glass  reduces  illumination,  is  difficult  to 
keep  clean  and  gives  a  dreary  lighting 
effect. 

In  a  sub-report  on  arc  welding,  Dr.  Bridge 
gives  an  account  of  the  inflammation  which 
results  from  an  exposure  lasting  onlj-  a  few 


seconds.  Dr.  Bridge  has  not  found  perma- 
nent injury  resulting,  but  cases  of  keratitis 
have  been  reported  by  other  observers.  The- 
inflammation  usually  begins  four  hours 
after  exposure  and  subsides  within  twenty- 
four  to  forty-eight  hours. 

Sir  J.  H.  Parsons  gives  a  summary  of  the 
report  of  the  Glassworkers'  Cataract  Com- 
mittee. Although  repeated  and  prolonged 
exposure  to  ultraviolet  rays  produces  changes 
in  the  lens,  the  conehision  of  the  committee 
is  that  the  active  agent  in  inducing  the  cata- 
ract among  glassworkers  is  exposure  to  heat 
enei-gy.  With  the  use  of  the  proper  type  of 
"Crookes"  glass  the  disease  would  be  abol- 
ished.— T.   L.  Llewellvn. 


INDUSTRIAL  HEALTH  LEGISLATION:    COURT  DECISIONS: 
WORKMEN'S  COMPENSATION  AND  INSURANCE 


New  York  State  Miscellaneous  Labor 
Laws  with  Amendments,  Additions  and  An- 
notations to  November  1,  1921.  N.  Y.  State 
Dept.  Labor,  Indust.  Commission,  1921,  pp. 
163. — "This  pamphlet  embraces  provisions  of 
the  laws  of  New  York  which  directly  or  indi- 
rectly affect  labor,  other  than  the  Labor  Law 
and  the  Workmen's  Compensation  Law.  The 
text  is  taken,  for  the  most  part,  from  the  Con- 
solidated Laws  of  1909  with  amendments  up 
to  and  including  the  year  1921.  Some  pro- 
visions are  taken  from  the  Civil  Practice  Act 
and  from  the  Code  of  Criminal  Procedure. 
A  few  are  special  or  local  acts.  Specific  ref- 
erence is  given  in  all  cases  to  amendments. ' ' — 
M.  Dent. 


Methods  of  Adjustment  in  Industrial 
Disputes  in  Germany.  Internat.  Labour 
Rev.,  Jan.,  1922,  5,  No.  1,  .51-65.— A  detailed 
history  of  legislation  and  the  work  of  courts 
and  boards  governing  industrial  relations  is 
given.  The  agencies  of  adjustment  are  of 
two  kinds,  those  set  up  by  law,  and  those 
created  by  collective  agreement.  The  statu- 
torj-  authorities  for  the  adjustment  of  dis- 
putes include  the  ordinary  and  special  ad- 
justment boards,  the  Demobilization  Com- 
missioners and  the  industrial  and  commercial 
courts,  the  guild  boards,  and  seamen's  boards. 
The  organization  and  the  procedure  of  these 
boards  is  given. 


In  1919  there  were,  in  Germany,  264  local 
adjustment  boards.  The  total  number  of  dis- 
putes brought  before  them  was  84,846,  some- 
what more  than  half  being  individual  dis- 
putes, a  type  that  was  intended  to  go  before 
these  boards  only  until  the  labor  courts  were 
set  up.  Of  the  total  number  of  disputes,  con- 
ciliation was  successful  in  35  per  cent. ;  arbi- 
tration in  36  per  cent. ;  and  simple  mediation 
without  oral  proceedings  in  28  per  cent. 

Figures  are  given  also  for  the  disputes 
taken  over  by  the  Federal  Ministry  of  Labor 
for  settlement. 

A  new  Labor  Disputes  Code  was  submitted 
to  the  Federal  Economic  Council  in  Novem- 
ber, 1920,  and  approved  in  December,  1921. — 
G.  E.  Partridge. 

I^raft  Conventions.  Internat.  Labour  Of- 
fice, Official  Bull.,  Nov.  23,  1921,  4,  No.  21, 
446-447. — In  Bulgaria  the  duration  of  work 
is  now  regulated  by  the  Decree  of  1919.  This 
goes  beyond  the  Draft  Convention,  in  in- 
eluding  commercial  enterprises.  The  Draft 
Convention  admits  exceptions,  but,  on  the- 
other  hand,  it  offers  advantages  for  the  ap- 
plication of  the  eight-hour  day  to  every  class- 
of  industry.  The  operation  of  the  Draft  Con- 
vention will  be  delayed  in  Bulgaria  probably 
until  July,  1924. 

In  regard  to  night  work  of  women  and 
young  persons,  the  present  Bulgarian  law  is. 


36 


THE  TOURXAL  OF  INDUSTRIAL  HYGIENE 


much  more  comprehensive  than  the  two  Draft 
Couventions.  Section  IS  applies  both  to  com- 
mercial and  transport  occupations  and  al- 
lows no  exceptions  in  the  case  of  persons  from 
16  to  IS  years.  The  exceptions  provided  in  re- 
gard to  the  night  work  of  women  are  more 
appropriate  than  those  of  the  Draft  Conven- 
tion. Exceptions  are  made  in  the  ease  of 
work  especially  suitable  for  women,  and  ex- 
ceptions are  allowed  for  women  after  5  a.  ji. 
or  6  A.  M.  and  after  8  or  9  P.  m.  in  such  a 
•way  as  to  allow  for  two  shifts  daily. 

Bulgarian  legislation  has  been  directed  to- 
ward forming  a  system  of  legal  protection  of 
women  during  pregnancy.  By  the  terms  of 
the  law  already  in  force,  women  are  entitled 
to  a  period  of  eight  weeks'  rest  before  and 
after  confinement  (one  to  four  weeks  before 
and  one  to  four  weeks  after).  The  working 
mother  receives  half  the  amount  of  her  wages. 
The  nursing  mother  is  entitled  to  two  hours' 
absence  from  work  on  Saturdays  for  a  period 
of  six  months  without  wage  reduction.  The 
Insurance  Act  has  modified  this,  and  the  wom- 
an receives  a  benefit  from  the  workers'  in- 
surance fund.  There  will  be  no  difficulty  in 
ratifying  the  Convention,  since  the  differ- 
ences between  this  and  the  law  now  in  force 
are   slight. — G.    E.   Partridge. 


UXEMPLOYIIEXT    COMPENSATIOX    AX    AlD    TO 

EcoxoMic  Security.  Seebohm  Rowntree. 
Am.  Labor  Legis.  Rev..  Dee.,  1921,  11,  No. 
4,  295-298. — The  menace  of  unemployment  is 
a  serious  evil,  and  it  is  the  duty  of  the  com- 
munity to  take  every  step  to  steady  the  labor 
market  and  to  provide  work  for  the  unem- 
ployed. But  when  all  has  been  done  there 
still  remains  a  margin  of  unemployed  which 
probably  amounts,  in  a  series  of  years,  to 
about  5  per  cent.  Industry  should  make 
some  adequate  provision  for  this  margin 
when  it  cannot  be  absorbed.  Industry  should 
pay  enough  to  prevent  serious  privation  for 
the  involuntarily  unemployed,  and  thus  re- 
move from  workers  the  practical  menace  of 
their  liability  to  unemployment.  Unemploy- 
ment insurance  can  be  organized  either  by 
the  state,  or  by  individual  factories  or  groups 
of  factories.  It  is  probably  desirable  that  the 
worker  should  bear  a  share  of  the  loss  from 
unemployment,  and  also  that  tlie  comnninify 


as  a  whole  should  contribute,  as  is  provided 
in  Britain  by  the  National  Unemployment  In- 
surance Act.  "The  fear  of  unemployment 
and  the  sense  of  injustice  associated  with 
this  fear  in  the  minds  of  the  workers  are  two 
of  the  most  potent  catises  of  labor  tmrest.  and 
a  measure  which  would  remove  them  would 
have  a  unique  effect  in  dispelling  that  un- 
rest."— G.  E.  Partridge. 


IxDUSTRiAL  AcciDEXT  Insuraxce.  Am.  La- 
bor Legis.  Rev.,  Dec,  1921,  11,  No.  4,  351-368. 
— This  is  a  summary  of  state  legislation  in 
the  United  States  in  1921,  relating  to  em- 
ployers' liability  and  workmen's  compensa- 
tion (including  tinder  the  latter  new  acts, 
acts  supplementary  to  existing  laws  and  vo- 
cational rehabilitation). 

Two  states — Oregon  and  Texas  —  have 
passed  acts  concerning  employers'  liability. 
Missouri  has  passed  a  new  workmen's  com- 
pensation act  to  take  the  place  of  one  re- 
pealed by  referendum.  About  half  the  states 
have  passed  supplementary  acts  during  the 
year,  and  about  as  many  have  passed  some 
act  in  regard  to  vocational  rehabilitation.  New 
Hampshire  has  provided  for  an  unpaid  com- 
mission to  investigate  and  make  recommenda- 
tions for  improving  employers'  liability  and 
workmen's  compensation  laws,  and  North 
Carolina  has  made  a  small  appropriation  for 
a  similar  commission.  There  is  a  federal  act 
providing  additional  hospital  and  dispensary 
facilities  for  tlic  treatment  of  war  cases  nu- 
de^- tlie  bureau  of  war  risk  insurance. — G.  E. 
Partridge. 


Ixdustrial  Ixsuraxce,  Medical  Aid  axd 
Safety  Acts.  Washington  State  Dept.  of 
Labor  and  Industries,  Olympia,  Wash.,  1921, 
pp.  158. — This  pamphlet  sets  forth  the  laws 
of  the  state  of  Washington,  enacted  and 
amended  to  1921,  covering  industrial  insur- 
ance, medical  aid  in  industry,  safety  acts  ap- 
plying to  those  establishments  under  the  juris- 
diction of  the  Industrial  Insurance  Depart- 
ment, together  with  the  administrative  code, 
rules  for  electrical  construction,  and  inspec- 
tion of  public  utilities,  and  laws  relating  to 
the  education  and  marketing  of  the  indus- 
trial products  of  the  adult  blind. — M.  Dent. 
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On  Behalf  op  the  Industrial  Disabled. 
Gerald  A.  Boate.  Indust.  Management,  Dec, 
1921,  62,  No.  6,  3'i5-352.— Industrial  training 
and  technical  education  have  received  world 
wide  attention  during  the  past  four  years,  and 
"the  disabled  ex-service  man  has  spread  the 
gospel  of  vocational  education  into  the  most 
remote  corners  of  America. " '  The  need  is  now 
for  a  clearing  house  of  information,  and  for 
"standard  practice  instructions,"  drawn  up 
by  competent  observers. 

How  may  a  disabled  pei-son  be  fitted  for  a 
position  in  industry  or  commerce  which  will 
be  free  from  working  conditions  that  will  ag- 
gravate the  disability,  and  so  that  he  may 
work  with  others  who  are  not  handicapped? 
The  answer  is,  by  adequate  training.  The 
period  of  training  will  vary  with  the  occupa- 
tion, but  usually  it  will  not  exceed  eighteen 
months  for  grades  below  professional.  This 
training  must  be  so  weU  given  that  the  school 
can  demand  a  market  for  its  product,  and  the 
candidate  need  not  apologize  for  having 
passed  through  a  vocational  school. 

In  the  analysis  of  occupations  for  the  reab- 
sorption  of  the  disabled,  the  equipment,  the 
content  of  courses,  the  work  produced  and  the 
working  conditions  in  the  school,  "it  is  well 
to  work  back  from  industry,  making  the  at- 
mosphere of  the  school  and  its  shops  as  nearly 
like  the  factory  as  possible.  Firmness  and  jus- 
tice and  a  square  deal  are  much  more  appre- 
ciated than  kindness,  sympathy  and  laxity." 
A  minimum  course  should  be  carefully  ana- 
lyzed out,  records  should  be  kept  of  everyone 
under  training,  results  charted  and  desirable 
standards  of  achievements  set  up.  The  object 
is  to  complete  training  for  an  industry.  Only 
when  the  man  becomes  competent  and  enters  a 
vocation  where  progress  is  satisfactory  to  all 
concerned  should  oversight  be  relaxed,  and 
only  then  should  the  employer  be  expected  to 
pay  the  full  wage  to  the  i-e-trained  disabled 
man.  Even  after  this  there  should  still  be  fol- 
low-up work  by  those  fitted  to  become  judges 
or  arbitrators. 

A  list  of  314  occupations  is  given,  compris- 
ing occupations  that  have  been  chosen  by  dis- 
abled ex-soldiers  and  a  sample  of  analysis 
of  occupation  is  offered  in  the  form  of  a  dia- 
gram showing  the  usual  organization  of  three 
types  of   pattern  making   and   the  grade   of 


technical  skill  required  in  each  department. 
A  detailed  analysis  is  woi'ked  out  for  some 
of  the  processes,  and  there  is  an  outline  for 
guidance  in  the  scientific  selecting  of  suitable 
occupations  for  disabled  men. — G.  E.  Part- 
ridge. 

Clinical  Experience  as  to  the  Several 
Kinds  of  Physiotherapy  Employed  in  Re- 
construction Work.  James  T.  Watkins. 
Calif.  State  Jour.  Med.,  Dec,  1921,  19,  No. 
12,  471-474. — Dr.  Watkins  reviews  briefly 
the  value  of  the  more  generally  employed 
physical  therapeutic  agents — namely,  mas- 
sage ;  manipulation  ;  hydrotherapy  ;  thermo- 
therapy ;  electrotherapy ;  and  mechano- 
tlierapy.— j\I.  C.  Shorley. 

The  Development  of  a  Modern  Medical 
Service  for  the  Industrial  Injured  and 
Sick  at  the  Hahnemann  Hospital  op  the 
Univer,sity  of  California.  Edgar  L.  Gil- 
creest.  Calif.  State  Jour.  Med.,  Dec,  1921, 
19,  No.  12.  462-464.— The  University  of  Cali- 
fornia in  its  industrial  hospital,  the  Hahne- 
mann Hospital,  is  attempting  to  furnish  a 
complete  service  for  the  industrial  injured. 
There  are  maintained  departments  of  physio- 
therapy, occupational  therapy,  and  social 
service. 

Nine  specially  trained  technicians  treat 
daily  about  seventy  cases  in  the  physiothera- 
peutic department.  Emphasis  is  laid  upon 
the  operation  of  trained  attendants  rather 
than  upon  the  use  of  elaborate  machines.  All 
patients  are  treated  under  the  supervision  of 
a  physician,  and  efforts  are  made  to  familiar- 
ize physicians,  who  send  patients  to  physio- 
therapy, with  the  functions  of  the  depart- 
ment by  requiring  that  patients  be  treated 
only  upon  the  prescription  from  the  attend- 
ing physician  and  that  the  attending  physi- 
'cian  see  each  case  frer(uently  in  conference 
with  the  physiotherapy  worker.  The  techni- 
cians should  have  attractive  personalities,  and 
should  be  sympathetic  and  encouraging.  This 
functional  re-education  is  best  carried  out  in 
a  clinic.  The  psychic  effect  upon  the  patient 
of  receiving  treatment  together  with  others 
suffering  from  similar  disabilities  is  excellent. 

The  occupational  therapy  department  cov- 
ers the   function   of   bedside   occupation  and 
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light  occupation  for  the  average  convalescent. 
Occupational  therapy  is  of  value  to  both  the 
patient's  mind  and  body,  and  is  of  great  as- 
sistance to  both  the  physician  and  the  nurse. 
The  difBculties  encountered  in  occupational 
therapy  are: 

"1.  The  adult  mind  does  not  learn  easily, 
especially  after  long  years  of  mental  inac- 
tivity. 

'"2.  Getting  started  with  a  patient  is  in 
manj'  cases  a  slow  process,  requiring  much 
tact  and  patience. 

"3.  It  is  not  easy  for  him  to  realize  the 
therapeutic  value  of  work. 

"4.  The  ambitionless  type  is  difficult  to 
stimulate. ' ' 

The  social  service  department  performs  one 
of  the  mo.st  important  phases  of  industrial 
rehabilitation,  namely,  that  of  aiding  the  dis- 
abled workman  to  believe  in  himself  and  in 
his  own  ability  to  become  industrially  inde- 
pendent again. 

An  outpatient  department  is  maintained 
especially  for  the  benefit  of  men  who  have 
been  convalescing  in  the  hospital  for  a  long 
time  and  are  still  in  need  of  physiotherapy. 
These  men  are  placed  in  supervised  homes 
nearby  as  soon  as  it  is  safe  for  them  to  leave 
the  hospital,  but  they  return  to  the  hospital 
for  meals.  In  this  way  they  are  kept  in  a 
healthful  atmosphere  and  yet  do  not  become 
hospitalized  or  dependent. — M.  C.  Shorley. 

Return  to  Work  after  Ixjurt.  Morton 
B.  Gibbons.  Calif.  State  Jour.  Med..  Dec, 
1921,  19,  No.  12.  4.5S-4.59.— It  is  Dr.  Gibbons' 
•opinion  that  treatment  of  the  injured  should 


involve  as  slight  departure  from  normal  in 
habits  and  environment  as  is  compatible  with 
proper  technical  treatment.  He  believes  that 
no  one  is  normally  entitled  to  idleness  be- 
cause he  has  been  hurt,  but  that  every  in- 
jured person  is  morally  entitled  to  earn  what- 
ever he  can  with  whatever  function  he  pos- 
sesses. Work-treatment  after  injury  can  be 
ideally  carried  on  in  a  large  industrial  plant 
which  maintains  its  own  dispensary  and  med- 
ical department.  The  surgeon  can  make  in- 
spection of  the  work  environment  of  the  in- 
jured under  his  treatment  and,  being  famil- 
iar with  the  situation,  can  prescribe  work 
and  see  that  it  is  carried  out  without  abuse. 
The  vast  numbers  of  persons  injured  in  small 
plants  are  not  so  easily  disposed  of.  however. 
In  such  cases,  the  insurance  companies  could, 
by  a  system  of  merit  rating,  or  some  similar 
system,  arrange  for  work  for  the  convales- 
cent in  the  plants  in  which  they  were  in- 
jured. The  alternative  for  this  is  workshops 
connected  with  hospitals — an  arrangement 
which  presents  many  difficulties,  among  them 
the  disposal  of  the  product,  if  the  injured 
man  is  to  be  paid  for  his  work. 

The  points  which  Dr.  Gibbons  emphasizes 
in  particular  are: 

"That  injury  is  not  to  entail  idleness. 

' '  Work  is  to  be  provided  with  full  pay. 

"Work  in  the  plant  where  injured,  under 
supervision  of  the  plant  physician,  is  good. 

"Work  provided  by  hospital,  school,  farm, 
etc..  is  preferable  to  idleness. 

"Pay  must  be  the  same  as  when  injured." 
— M.  C.  Shorley. 
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Problems  op  Industrial  Htgibne  in  Re- 
lation TO  Public  Health.  Thomas  Oliver. 
— This  paper,  a  lecture  delivered  in  tlie 
Royal  Institute  of  Public  Health,  states  that 
problems  of  industrial  hygiene,  which  first 
received  serious  attention  in  Great  Britain, 
achieved  less  than  the  anticipated  results, 
owing  to  lack  of  organization.  The  follow- 
ing points  are  emphasized  by  Dr.  Oliver: 

1.  Industrial  medicine  must  be  both  pre- 
ventive and  curative. 

2.  Vocational   guidance   is   essential. 

3.  Men  resuming  work,  after  an  absence 
due  to  accident  or  illness,  should  be  given 
either  light  emploj'ment  or  shorter  hours. 

4.  "The  essence  of  life  is  work,"  and  ap- 
propriate employment  ought  to  be  provided 
for  the  partially  fit  as  well  as  for  the  fully 
fit;    for  women  as  well  as  for  men. 


5.  "Woman's  arena  of  usefulness  is  the 
home,  and  her  sphere  of  influence  the  fam- 
ily ;  yet  it  is  necessary  to  safeguard  the 
married  woman  who  earns  her  living,  and 
especially  the  expectant  mother. 

Professor  Oliver  also  draws  attention  to 
the  great  advantage  of  the  Safety  Bonus 
System,  by  which  a  foreman  receives  a  sub- 
stantial bonus  if  the  frequency  of  accidents 
is  reduced  below  a  certain  standard  —  the 
bonus  to  increase  in  inverse  proportion  to 
the  number  of  accidents.  He  does  not,  how- 
ever, point  to  the  practical  danger  of  so- 
called  trivial  accidents  not  being  reported. 
More  working  hours  are  unnecessarily  wasted 
by  trivial  accidents  than  from  any  other 
cause — e.g.,  the  cut  finger  becoming  septic 
on  account  of  neglect.  To  make  this  scheme 
efl'eetive  a  severe  penalty  should  be  inflicted 
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for  failure  to  report  accidents.  Unfortu- 
nately, liowever,  it  is  difficult  to  compel  com- 
pliance with  the  rule  of  notification  or  to 
enforce  a  penalty  for  its  infringement.  This 
contention  is  borne  out  by  Dr.  Oliver's  ad- 
mission that  "the  severity  rates  were  slightly 
higher  in  the  bonus  factories  than  in  the 
non-bonus  factories." — D.  A.  Coles. 

Factory  Inspectiox  ix  Austria  ix  1919. 
Internat.  Labour  Rev.,  Jan.,  1922.  5,  No.  1, 
151-157. — It  is  reported  that  factory  inspec- 
tion work  in  Austria  was  exceptionalh^ 
hea\y  in  1919,  on  account  of  retrogression 
during  the  "War.  There  was  a  decrease  in 
the  number  of  accidents  reported  during 
the  year,  and  eases  of  occupational  diseases 
were  fewer  than  usual.  Some  of  the  diffi- 
culties met  in  making  changes  to  the  eight- 
hour  plan  and  also  in  returning  to  required 
standards  after  the  lax  practices  during  the 
War  are  mentioned.  A  point  of  general  in- 
terest is  the  recommendation  made  by  the 
chief  inspector  condemning  the  general  prac- 
tice of  referring  accidents  without  inquiry 
to  the  worker's  own  fault  in  cases  where  in- 
jury might  have  been  averted  by  certain 
precautions,  since  fatigue  may  render  a 
worker  incapable  of  proper  care,  and  in  such 
a  case  he  cannot  be  held  negligent. — G.  E. 
Partridge. 

Factory  Ix-.-^pectiox  ix  BELC.irM.  Inter- 
nat. Labour  Rev.,  Jan.,  1922,  5,  No.  1,  157- 
162. — In  Belgium  the  factory  inspection 
staff  was  twice  as  large  in  1920  as  during  the 
pre-war  period.  Many  small  workshops  were 
brought  under  inspection  in  1919,  as  the 
act  relating  to  the  employment  of  women 
and  children  covered  their  employment 
everywhere  except  in  family  undertakings 
not  regarded  as  dangerous  to  life  or  limb. 
Attempts  to  enforce  labor  laws  have  been 
impeded  by  the  conditions  brought  on  by 
the  War,  and  the  inspectors  report  that  the 
War  has  practically  blotted  out  the  work  of 
the  last  twenty  years. — G.   E.  Partridge. 

Labour  Coxditioxs  in  Japanese  Coal 
Mines.  Internat.  Labour  Rev.,  Feb.,  1922, 
5,  No.  2,  251-264. — Coal  miners  form  approx- 
imately 12  per  cent,  of  the  industrial  popu- 


lation of  Japan.  The  industry  has  developed 
rapidly  since  1908,  the  number  of  workers 
employed  in  that  year  being.  126.999  as  com- 
pared with  348,240  in  1919. 

The  provisions  governing  working  condi- 
tions, as  laid  down  in  the  Regulations  issued 
by  the  Department  of  Agriculture  and  Com- 
merce in  August.  1916,  apply  only  to  em- 
ployees who  are  holders  of  permanent  min- 
ing rights,  and  relate  almost  entirely  to 
women  and  children.  The  employment  of 
children  under  12  j-ears  is  forbidden,  a.s  is 
also  the  employment  of  women  and  of  chil- 
dren under  15  years  for  more  than  twelve 
hours  per  day.  No  woman  or  child  is  al- 
lowed to  work  between  the  hours  of  10  and 
4  during  the  night,  except  on  a  shift,  and 
then  only  provided  the  shift  is  changed  peri- 
odically, the  period  not  to  exceed  ten  days. 
A  thirty-minute  rest  period  must  be  given 
to  all  women  and  children  in  a  daj'  longer 
than  six  hours,  and  a  one-hour  rest  period 
in  a  day  longer  than  ten  hours.  Two  rest 
days  per  month  are  compulsory  for  women 
and  children  under  14  years,  and  four  rest 
days  per  month  when  night  shifts  are 
worked. 

Conditions  of  work  for  adult  men  are 
scarcely  mentioned  in  the  Regulations.  Each 
miner  is,  however,  required  to  submit  for 
the  approval  of  the  chief  of  the  Mining 
Board  in  his  district  such  rules  as  he  has 
adopted  for  the  employment  of  workers  in 
his  mines.  The  condition  of  adult  workers 
is,  on  the  whole,  better  than  might  be  in- 
ferred from  this  Regulation.  The  men  are 
employed  generally  on  two  shifts  of  ten 
hours  each  per  day,  although  some  miners 
have  introduced  the  eight-hour  day  with 
two  or  three  shifts.  Approximately  the 
same  rest  periods  are  allowed  as  are  pro- 
vided for  women  and  children. 

Provisions  are  made  for  accident  and  sick- 
ness compensation,  and  each  employer  must 
draw  up  his  own  rules  in  accordance  with 
these  provisions  and  must  then  submit  them 
for  approval  before  commencing  mining 
operations. 

The  Regulation  concerning  the  Employ- 
ment and  Relief  of  ^liners  prohibits  the  em- 
ployment of  persons  suffering  from  certain 
diseases  likely  to  affect  the  health  of  other 
workers   or  likely   to   be    aggravated   b.y   the 
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work  on  which  they  are  engaged.  It  also 
contains  provisions  concerning  the  employ- 
ment of  women  and  children  in  unhealthy 
processes,  and  prohibits  the  employment  of 
women  within  thirty-five  days  after  child- 
birth, excepting  in  instances  where  the  work 
is  of  a  nature  which  the  doctor  pronounces 
to  be  harmless;  and  then  the  rule  does  not 
apply    after  twenty-one    days. 

The  Japanese  Bureau  of  Mines  has  been 
studying  the  provisions  for  sanitation  in 
mines,  the  construction  of  workshops  and 
dwelling  houses  in  mining  districts,  the  ex- 
amination of  drinking  water,  the  analysis 
of  the  atmosphere  in  mines,  and  other  such 
details,  and  plans  to  appoint  a  commission 
to  introduce  improvements  and  to  lay  down 
the  provisions  which  the  mine  owners  should 
adopt. 

In  all  the  larger  mines,  employers  have 
established  medical  institutions  for  the  ben- 
efit of  their  workers.  In  1919,  there  were 
171  mines  throughout  the  country,  each 
with  its  own  medical  bureau,  and  doctors 
in  the  ratio  of  one  to  595  workers.  In  the 
mines  with  no  such  medical  bureau,  arrange- 
ments were  made  with  the  local  doctor. — 
M.  C.  Shorley. 

Prevention  op  Illness  among  Miners. 
R.  B.  Sayers.  U.  S.  Bur.  Mines,  Reports 
of  Investigations.  Serial  No.  2319,  Feb., 
1922.— During  the  years  1920  and  1921 
much  work  has  been  done  on  carbon 
monoxide.  Forbes  reports  against  occur- 
rence of  late  after-symptoms  from  acute 
gassing  (except  in  rare  instances)  unless 
there  is  a  pre-existing  pathological  condi- 
tion; he  does  not  find  cumulative  harmful 
effects  from  frequent  exposure.  Experiments 
on  animals  do  not  show  change  in  the  coagu- 
lation time  of  the  blood. 

An  investigation  made  b.y  Hender.son, 
Fieldner  and  Sayers  (made  especially  to  de- 
termine conditions  for  ventilation  of  the 
proposed  New  York-New  Jersey  tunnel)  has 
given  some  new  results.  Several  new  meth- 
ods have  been  developed,  such  as  the  iodine 
pentoxide  method  for  the  determination  of 
carbon  monoxide  in  air;  collection  and 
preservation  of  blood  samples  for  carbon 
monoxide   determination  from   persons   over- 


come or  affected  by  the  gas ;  methods  for  the 
analysis  of  carbon  monoxide  in  the  blood. 
Henderson  formulated  a  statement  of  the 
probable  effects  of  different  concentrations 
of  the  gas,  as  follows:  When  time  of  expo- 
sure in  hours  times  the  concentration  of  car- 
bon monoxide  in  parts  per  10.000  equals  3, 
there  is  no  perceptible  effect.  When  the  re- 
sult is  6  there  is  a  just  perceptible  effect. 
When  the  result  is  9,  there  will  be  headache 
and  nausea.  When  the  result  is  15  or  more, 
the  effects  are  dangerous.  The  lack  of  poi- 
sonous effects  of  carbon  monoxide  on  nerve 
tissue  was  demonstrated  by  exposing  grow- 
ing embryonic  chick  brain  tissue  to  a  high 
concentration  of  carbon  monoxide.  High 
temperature  and  high  relative  humidity 
have  been  shown  to  increase  the  rate  of  ab- 
sorption of  carbon  monoxide  by  the  blood 
owing  to  the  increased  frequency  and  rate 
of  respiration,  etc.  In  the  treatment  of  car- 
bon monoxide  asphyxia,  Henderson  and 
Haggard  advise  the  use  of  pure  oxygen  con- 
taining from  6  to  10  per  cent,  of  carbon 
dioxide,  but  Sayers,  O'Brien  and  Yant  were 
unable  to  obtain  such  striking  differences 
between  the  oxygen  treatment  and  the  car- 
bon dioxide,  and  they  decided  that  the 
method  recommended  was  not  suitable  for  use 
by  first-aid  men,  but  that  oxygen  should  be 
available  since  the  first  few  minutes  after 
exposure  to  large  quantities  of  carbon  mon- 
oxide are  the  most  important  in  the  treat- 
ment. Lewin  recommends  bleeding  in  con- 
nection with  use  of  oxygen,  but  American 
investigators  advise  against  it.  For  the  de- 
tection of  carbon  monoxide  in  air  there  are 
two  comparatively  recent  methods  which  are 
described.     A  new  gas  mask  is  explained. 

Some  new  findings  in  regard  to  carbon  di- 
oxide in  air  are  reported;  the  conclusion 
being  that,  while  it  is  possible  to  breathe 
9  and  10  per  cent,  of  carbon  dioxide  in  oxy- 
gen, any  percentage  above  5  will  cause  no- 
ticeable effects,  and  between  2  and  21/2  per 
cent,  is  all  that  should  be  permitted  in  the 
inspired  air  of  an  oxygen  breathing  appa- 
ratus at  any  time. 

Prevention  of  miners'  phthisis  and  tuber- 
culosis is  another  subject  on  which  there  is 
new  information.  Orenstein  and  Ireland 
in  South  Africa  have  reached  the  following 
conclusions:    (1)  Dust  is  not  alone  the  cause 
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of  phthisis.  (2)  Ventilation  does  not  in- 
crease the  harmful  dust  conditions.  (3)  Ex- 
hausting air  through  the  pipes  from  drives 
and  winzes  is  much  better  than  forcing  air 
in  through  similar  pipes.  (4)  Measurement 
of  air  currents  and  notes  of  any  changes  in 
velocity  and  direction  in  ever.v  section  are 
absolutely  necessary.  (5)  Air  in  stopes 
should  be  induced  to  flow  along  the  face  and 
not  back  in  the  open  waste.  (6)  While  ed- 
dies caused  by  local  circulation  may  be  help- 
ful, such  circulation  can  only  be  helpful  for 
a  limited  time  and  as  a  temporary  measure. 

Ferguson  concludes  also  that  "the  ques- 
tion of  ventilation  has  more  important  bear- 
ing on  the  elimination  of  dust  than  has  pre- 
viously been  recognized,"  and  he  recom- 
mends frequent  examination  of  workers  and 
elimination  of  those  affected  with  silicosis.  It 
is  pointed  out  that  both  wet  and  dry  drills 
may  be  dangerous.  Wan-en  has  described  a 
device  for  collecting  the  dust  from  drills,  but 
states  that  "the  real  source  of  dust  produc- 
tion is  that  caused  by  firing  holes."  He 
shows  that  promiscuous  firing  should  never 
be  permitted  but  a  water  blast  that  has  a 
large  air  consumption  is  to  be  preferred,  and 
should  be  used  in  the  direction  of  ventilating 
currents.  Harrington  has  emphasized  the 
value  of  dust  abatement  by  better  ventilation. 

Sayers  and  Harrington  have  studied  the 
effects  of  high  temperature  and  humidity  in 
mines.  It  was  found  that,  if  the  air  temper- 
ature is  above  75°  P.  and  the  relative  hu- 
midity high,  the  efficiency  and  comfort  of 
the  worker  are  materially  increased  by  air 
movement.  An  exhaustive  study  of  the  sci- 
ence of  ventilation  has  been  published  by 
Hill.  The  U.  S.  Bureau  of  Mines,  the  U.  S. 
Public  Health  Service,  the  American  Society 
of  Heating  and  Ventilating  Engineers,  the 
National  Research  Council  and  co-operating 
universities  are  now  engaged  in  extensive 
laboratory  studies  to  try  to  formulate  defi- 
nite standards  of  temperature,  humidity,  and 
air  movement  in  order  to  maintain  the 
health,  efficiency,  and  comfort  of  workers. 
— G.  E.  Partridge. 

The  Third  T.\ternation'.\l,  Labour  Con- 
ference: Commission  o.v  White  Le^vd.     In- 


ternat.  Labour  Rev.,  Feb.,  1922.  5,  No.  2, 
193-195. — This  report  states  briefly  the  work 
of  the  commission  and  the  subcommissions 
which  were  appointed  to  investigate  for  the 
Third  International  Labour  Conference  the 
siibject  of  the  prohibition  of  the  use  of  white 
lead  in  painting.  The  commission  finally  de- 
cided in  favor  of  regulation,  but  by  a  very 
narrow  majority.  The  majority  recom- 
mended a  Draft  Convention;  the  minority 
formulated  no  definite  decision,  but  contented 
themselves  with  a  protestation  in  favor  of 
prohibition. 

"The  Draft  Convention  finally  adopted 
without  opposition  prohibits  in  a  general  way 
the  use  of  white  lead  paints  in  interior  work, 
but  permits  their  use,  under  regulation,  for 
outdoor  operations.  The  superiority  of  white 
lead  paints  in  the  presence  of  fumes  is  appar- 
ently conceded  since  their  use  is  permitted  in 
the  interior  painting  of  railway  stations  and 
industrial  establishments  in  which,  in  the 
opinion  of  the  government  delegates  or  ex- 
perts, their  use  is  necessary.  Artistic  paint- 
ing and  fine-lining  are  also  excepted.  On  the 
other  hand  the  employment,  even  in  exterior 
work,  of  all  women  and  of  young  persons 
under  eighteen  years  of  age  is  forbidden,  ex- 
cept in  the  case  of  apprentices,  for  whom 
some  elasticity  is  permissible  in  the  interest 
of  their  trade  education. 

"A  further  Article  of  the  Convention  aims 
at  securing  statistics  of  morbidity  and  mor- 
tality in  connection  with  lead  poisoning 
among  working  painters.  The  Convention 
would  become  effective  at  the  earliest  in  1927. 

"This  Convention,  like  most  legislation  and 
most  collective  agreements,  is  a  compromise, 
but  if  adopted  it  will  represent  a  marked 
advance  in  industrial  sanitary  regulation, 
and,  since  its  coming  into  operation  is  post- 
poned for  six  years,  there  seems  to  be  no 
reason  why  this  advance  should  not  be  se- 
cured without  serious  disorganization  of 
either  the  industry  engaged  in  the  produc- 
tion of  the  raw  material  or  in  that  which 
utilizes  the  finished  product.  In  any  case, 
the  human  factor  should  stand  first :  the  dis- 
advantages of  lead  poisoning  must  be 
weighed  against  the  evils  of  possible  tempo- 
rary unemployment  in  the  lead  paint  indus- 
tries."—M.  C.  Shorley. 
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DUST  HAZARDS  AND  THEIR  EFFECTS 


On  the  Roentgen  Picture  op  Pneumoko- 
Niosis,  Especially  in  its  Densest  Form.  W. 
Jaensch.  Abstracted  as  follows  from  Fort- 
schr.  a.  d.  Geb.  d.  Rontgeustrahlen,  1921,  Vol. 
28,  299,  in  Med.  Science,  Feb.,  1922,  5,  No. 
5,  455. — "The  object  of  the  writer  of  this 
article  is  to  show  the  differentiation  between 
piieumokoniosis  and  ordinary  tuberculosis, 
for  the  clinical  symptoms  in  both  forms  of 
disease  resemble  each  other  elosel.v.  One  point 
of  distinction  he  gives  is  that  in  pneumoko- 
niosis  it  is  seldom  that  the  apex  of  the  lung 
is  affected,  the  disease  mostly  affecting  the 
underlying  parts  of  the  upper  lobe  of  the 
lung.  It  is,  according  to  the  Roentgen  picture, 
more  evenly  distributed  over  both  halves  of 
the  lungs  than  in  advanced  tuberculosis.  Al- 


so dyspnoea  may  be  marked  in  pneumokoni- 
osis,  whereas  even  in  very  advanced  tuber- 
culosis it  is  mostly  absent.  The  tuberculin 
reaction  is  negative. 

"According  to  the  Roentgen  photographic 
demonstrations,  the  shadow  pictures  differ- 
entiate between  miliary  tuberculosis  and 
pneumokoniosis  by  the  variation  in  the  size 
of  the  shadow  groups,  leaving  the  apex  al- 
most free.  Anthracosis  and  chalieosis  reveal 
wider  and  more  irregular   patches. 

"In  a  series  of  photographs  the  author 
shows  the  varied  forms  of  lung  patches 
caused  by  the  different  types  of  lung  trou- 
bles, namely,  syphilitic  pneumonia,  pneu- 
mokoniosis, etc.,  and  lung  affections  caused 
by  iron  dust  inhalations." 


OCCUPATIONAL  INFECTIOUS  DISEASES:    OCCURRENCE, 
TREATMENT  AND  PREVENTION 


Type  and  Environment  of  Employment  as 
Factors  in  the  Expectancy  op  Life  op  the 
Working  Class  Consumptive.  R.  C.  Wing- 
field.  Am.  Rev.  Tuberc,  March,  1922,  6,  No. 
1,  69-73. — "If  the  standard  we  have  taken  is 
a  fair  one,  these  different  groups,  judged  by 
it,  show  that  the  type  and  environment  of  a 
patient's  work  have  but  little  influence  on 
his  expectancy  of  life.  But  tables  3  and  4 
show  that  the  careful  choice  of  work  does 
slightly  increase  his  chance  of  survival  by  a 
small  percentage;  and  the  results  of  table 
3  e.  support  this  conclusion  in  a  definite  man- 
ner, and  further  lead  us  to  think  that  a  more 
detailed  investigation  in  a  larger  number  of 
cases,  if  properly  interpreted,  might  even 
show  a  10  per  cent,  increased  expectancy  of 
life. 

"Finally,  we  should  here  call  attention  to 
table  3  b.  which  gives  the  worst  result,  indi- 
cating that  an  adult  male,  changing  to  physi- 
cal work  from  nonphysical  work,  will  probably 
be  leaving  skilled  for  unskilled  work,  which 
apart  from  anything  else  means  a  smaller 
wage.  Further,  there  is  the  worry  of  learn- 
ing and  acquiring  speed,  that  is,  manual  dex- 
terity, which  comes  hard  to  any  adult  and 
harder  still  to  a  man  past  middle  age.  Worry 
is  an  important  factor  in  tuberculosis,  and 


may  easily  counterbalance  the  good  effects  of 
better  working  conditions." — M.  C.  Shorley. 

Tuberculosis  in  Relation  to  Industry.  S. 
Lyle  Cummins.  Jour.  State  Med.,  Jan.,  1922, 
30,  No.  1,  4-14. — "If  it  is  true  that  a  large 
proportion  of  the  tuberculosis  mortality 
amongst  male  adults  under  industrial  con- 
ditions is  due  rather  to  the  awakening  of  old 
infections  than  to  the  inception  of  new  dis- 
ease through  fresh  infection,  it  is  clear  that 
this  has  a  bearing  on  the  employment  of  per- 
sons suffering  from  the  disease  in  a  chronic 
form  consistent  with  fair  health  and  average 
working  capacity.  If  we  were  to  take  the  view 
that  such  persons  constitute  a  grave  danger 
to  their  fellows  under  industrial  conditions, 
we  should  be  obliged,  I  think,  as  a  nation,  to 
face  the  question  of  their  maintenance  and  to 
back  up  legislation  for  giving  industrial 
grants  to  men  withdrawn  from  their  work 
in  the  interests  of  the  community.  Such 
legislation  would  be  enormously  costly,  and 
would  deprive  many  men  of  the  privilege  of 
fending  for  themselves  while  their  physical 
condition  permitted  them  to  do  so.  My  own 
view  is  that  we  must,  with  regard  to  the  pre- 
vention of  industrial  tuberculosis,  consider 
occupations  as  coming  under  two  headings: 
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(1)  Those  in  which  infection  plays  a  relative- 
ly small  part;  and  (2)  Those  in  which  there 
is  reason  to  think  that  it  may  play  a  very 
important  part. 

.  "In  the  first  category  I  should  place  those 
industries  where  males  are  the  chief  em- 
ployees and  where  there  is  no  special  ele- 
ment associated  with  the  work  which  is  calcu- 
lated to  facilitate  infection. 

"For  practical  purposes  this  category  in- 
cludes all  our  industries  save  those  where 
there  is  danger  of  pneumoconiosis.  In 
this  categorj'  tuberculosis  is,  for  practical 
purposes,  an  environmental  rather  than  an 
infective  disease.  Our  lines  of  prophy- 
laxis should  be  directed  to  securing  the  best 
working  and  home  conditions  for  those  con- 
cerned, so  that  the  stress  of  hardship,  poverty, 
anxiety,  and  bad  sanitation,  in  short,  the  bad 
physiological  conditions  so  likely  to  lead  to 
recrudescence  of  old  infection,  shall  be  les- 
sened or  avoided.  In  the  second  category  1 
feel  bound  to  place  all  occupations  involving 
exposure  to  dangerous  dusts.  Here,  although 
there  is  reason  to  think  that  the  irritant  par- 
ticles frequently  act  by  awakening  old  in- 
fections, there  is  also  much  evidence  suggest- 
ing that  re-infection,   or   fresh  infection,   is 


facilitated  by  the  existence  of  silicosis.  The 
example  of  South  Africa  is  clearly  a  good  one 
to  follow,  and  the  experience  there  leads  the 
sanitary  authorities  to  take  every  possible 
step  to  exclude  infective  cases  from  the  mines. 
In  this  category,  too,  come,  for  a  different 
reason,  the  young  female  industrial  workers 
who  quit  domestic  life  shortly  after  adoles- 
cence to  take  up  employment  under  factory 
and  workshop  conditions.  The  example  of 
the  female  munition  workers  from  1917  to 
1919  points  clearly  to  the  conclusion  that 
here  we  have  to  deal  with  a  group  of  people 
very  little  protected  bj^  acquired  resistance, 
and,  therefore,  extremely  liable  to  infection 
with  the  tubercle  bacillus.  Careful  medical 
inspection  and  exclusion  of  infective  cases  is 
imperatively  necessary  in  the  interests  of 
these  women  workers.  Finally  there  is  the 
question  of  the  human  beings  who  are  most 
susceptible  of  all — the  new  arrivals  in  our 
industrial  communities;  children  whose  re- 
sistance is  as  yet  very  little  developed.  To 
my  mind  the  urgent  importance  of  legisla- 
tion to  exclude  infective  teachers  from  our 
schools  is  too  often  forgotten." — Barnett 
Cohen. 


OCCURRENCE  AND   PREVENTION  OF  INDUSTRIAL  ACCIDENTS 


Making  Gas — And  THiN-rKiNG  Safety.  H. 
Blackburn  Harte.  Nat.  Safety  News,  Feb., 
1922,  5,  No.  2,  5-9.— The  importance  of  get- 
ting their  men  to  think  safety  in  gas  plants 
has  been  recognized  by  large  corporations. 
The  following  are  the  safety  measures  which 
have  been  put  into  practice  in  The  People's 
Gas  Light  and  Coke  Company  of  Chicago. 

1.  Jlost  important  of  all  is  an  "automati- 
cally timed  controlling  device  which  makes 
it  impossible  to  open  or  close  the  gas  gener- 
ator valves  in  improper  sequence,  thus  pre- 
venting explosions  which  might  occur  from 
so  doing." 

2.  The  installation  of  a  heavy  iron  l>ar, 
ene  end  of  which  is  fastened  in  the  steel 
floor  and  the  other  end  of  which  is  hooked 
onto  the  spokes  of  the  hand  wiioel  by  which 
the  valve  gears  are  turned,  has  eliminated 
both  the  crushed  hand  and  explosion  hazards 
in  the  operation  of  the  "hot  valve"  or 
"down-run  valve"  which  is  used  for  chang- 


ing the  direction  of  the  flow  of  steam  through 
the  fire. 

3.  A  sj'Stem  of  fire  apparatus  —  high 
pressure  steam  lines  with  hose  connections — • 
has  been  installed;  also  waterhose  connec- 
tions; large  and  small  chemical  extinguish- 
ers ;  water  hand  extinguishers ;  and  fire 
alarm  boxes. 

■4.    Fire   drills   are   held    monthly. 

5.  The  "No  Smoking"  rule  is  rigidly 
enforced. 

6.  A  system  of  red  and  wliite  lights  in- 
fonns  the  firemen  of  the  amount  of  water 
in  boilers. 

7.  The  plant  manufacturing  benzol,  tolu- 
ol, and  solvent  naphtha  is  isolated. 

8.  Every  employee  must  understand  the 
prone  pressure  method  of  resuscitation  and 
be  qualified  in  administering  it. 

9.  Building  materials  are  fire-resisting: 
all  glass  is  wire-glass ;  electric  switches  are 
located  on  the  outside  of  the  buildings  and 
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are  enclosed  in  boxes. 

10.  Life  belts  are  used  for  men  working 
in  street  vaults. 

The  Electric  Flash  Lamp  as  a  Safety 
Device.  L.  C.  Ilsley.  Nat.  Safety  News, 
Feb.,  1922,  5,  No.  2,  37.— The  electric  flash 
lamp — on  account  of  its  low  voltage,  togeth- 
er with  a  certain  measure  of  protection  for 
the  bulb,  due  to  the  battery  case  and  bull's- 
eye  lens — is  one  of  the  safest  types  of  lamps 
commercially  available  for  use  in  the  vicini- 
ty of  gasoline  storage  tanks,  garages,  or  au- 
tomobiles. 

A    method    for    increasing    the    degree    of 


safety  of  flash  lamps  is  suggested  by  the  use 
of  a  safety  device  so  designed  as  to  project 
the  bulb  from  the  circuit,  should  the  bulb 
glass  be  broken  and  the  glowing  filament 
bared. — M.  C.  Hamblet. 

Ventilation — A  Safety  Factor.  C.  Lori- 
mer  Colhurn.  Nat.  Safety  News,  Feb.,  1922, 
5,  No.  2.  36. — "A  mine  operator  has  not  done 
everything  in  his  power  to  make  his  mine 
safe  if  he  has  neglected  to  install  a  positive 
system  of  ventilation,  for  it  is  not  safe  to 
depend  on  atmospheric  conditions  for  mine 
ventilation."  The  entire  article  is  a  plea 
for  positive  ventilation  in  mines. 


HEAT,  COLD  AND  HUMIDITY 


The  Influence  of  Drafts  on  Body  Tem- 
perature. B.  Lange.  Abstracted  from  Ztschr. 
f.  Hyg.,  Vol.  91,  p.  473  in  Hyg.  Rundschau, 
Dee.  1,  1921.  31,  No.  23,  705.— Experiments 
■were  made  in  a  large  closed  room.  The  sub- 
jects sat  2  m.  in  front  of  an  electrically  driv- 
en ventilator.  From  minute  to  minute  ther- 
moelectric measurements  of  the  skin  temper- 
ature were  taken  from  the  forehead,  neck, 
and  chest,  and  recorded  graphically. 

Even  in  a  calm  the  subjects  differed  ac- 
cording to  age,  development,  and  nutrition. 
The  first  cooling  occurred  equally  quickly 
with  cold  and  warm  winds,  but  the  recovery 
was  slower  after  more  intense  and  longer 
cooling.  The  velocitj'  of  the  wind  had  an  in- 
fluence on  the  cooling.  A  velocity  of  0.6  m. 
per  second  caused  in  five  minutes  a  drop  in 
the  forehead  temperature  of  1.5  degrees,  but 
a  velocity  of  3  to  6  m.  per  second  only  low- 


ered it  3  to  4  degrees.  Upon  interruption  of 
the  wind  the  skin  temperature  rose  at  once. 
The  lowest  temperature  obtained  and  the 
amount  of  difference  between  it  and  the  tem- 
perature of  the  wind  bore  no  relation  to 
the  feelings  of  the  subjects,  except  that  a 
prolonged  draft  was  followed  by  a  feeling 
of  discomfort  and  cold  in  the  parts  usually 
covered  by  clothing.  Several  times  rhinitis, 
sore  throat,  or  bronchitis  was  observed.  In 
the  parts  usually  covered  by  clothes,  the  re- 
sponse to  the  stimulus  of  cold  was  slower 
than  in  the  unclothed  parts,  owing  to  the 
difference   in   the  vasoconstrictor  muscles. 

According  to  these  experiments,  drafts 
may  cause  bodily  harm,  because  of  the  fact 
that  the  heat-regulatory  mechanism  of  the 
body  is  not  efficient  for  protection. — H.  G. 
Noyes. 


WOMEN  AND  CHILDREN  IN  INDUSTRY 


Medical  A.spect  of  Women's  Ills  in 
Industry.  Clara  P.  Seippel.  U.  S.  Bur. 
Labor  Statis.,  Month.  Labor  Rev.,  Nov., 
1921,  13,  No.  5,  945-950.— In  1910 
eight  million  women  in  the  United  States 
were  wage  earners,  and  probably  now  about 
five  million  women  and  girls  are  working  in 
shops  and  factories.  "Woman  is  a  permanent 
factor  in  industry. 

Stati.sties  in  regard  to  the  ills  of  women  in 
industry  are  largely  wanting.  There  are 
some  comparative  figures  about  the  relative 


occurrence  of  diseases  among  men  and  wom- 
en, but  little  of  value  about  women  as  wom- 
en. Most  figures  also  are  based  on  absentee- 
ism, while  there  is  a  great  unaccounted  loss 
from  the  ills  of  women  who  remain  at  work. 
Women  appeal  to  the  medical  department  of 
the  shop  most  frequently  because  of  head- 
aches and  dysmenorrhea.  A  large  part  of 
the  minor  ills  can  be  traced  to  bad  hygiene 
and  irregular  habits  of  life.  Many  girls  go 
to  work  without  breakfast.  Many  neglect  to 
go  to  the  toilet  during  the  day,  and  so  bring 
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on  ill  health:  and  this  condition  is  due  in 
part  to  the  improper  placing  of  toilet  rooms, 
necessitating  loss  of  time  or  embarrassment 
in  going  to  them. 

The  monotony  of  women's  work  and  nat- 
xival  fatigue  predispose  to  illness,  although, 
except  for  hazards,  women  in  industry  are 
not  subject  to  disturbances  not  encountered 
elsewhere.  But  thousands  of  women  accept 
unnecessary  suffering  habitually,  especially 
in  regard  to  menstrual  functions,  without 
ever  undei-standing  that  it  is  avoidable.  Oft- 
en a  simple  cathartic  for  a  few  days  before 
the  period  gives  much  relief.  In  general, 
there  is  need  of  emploj-ing  nonsurgical  meth- 
ods as  far  as  possible  in  correcting  these  ills. 
A  verj-  common  condition  is  menorrhagia, 
very  often  neglected  when  perfectly  amenable 
to  treatment.  Amenorrhea  is  also  common, 
especially  during  the  first  year  of  industrial 
life,  and  the  majority  of  cases  respond  to 
medical  treatment. 

Among  older  women  there  is  also  much 
tumecessary  suffering.  Very  many  think 
that  the  ills  of  the  menopause  are  unavoid- 
able. The  hot  flashes  and  other  nervous  dis- 
turbances which  are  so  exhausting  are,  how- 
ever, usually  easily  removed.  Of  married 
women  in  industry  probably  75  per  cent, 
have  some  form  of  pelvic  disorder  before  the 
age  of  40.  Retroversion  is  common  at  all 
ages;  often  the  only  complaint  is  constant 
fatigue.  The  condition  can  be  relieved,  but 
if  neglected  becomes  worse  until  surgical 
treatment  is  the  only  remedy.  Retroversion 
is  so  common  in  young  girls  that  it  ought  to 
be  taken  into  consideration  in  industry.  It 
is  unwise  for  girls  under  16  to  work  con- 
stantly at  machines,  and  such  work  should 
in  no  ease  exceed  two  hours  at  a  stretch. 

Attention  to  simple  matters  of  dress,  ven- 
tilation, recreation,  food,  sleep,  etc.,  would 
help  greatly.  "Our  task  is  to  educate  the 
woman  worker  to  take  an  interest  in  her- 
self and  to  regard  her  health  as  the  capital 
she  ha-s  invested  in  the  business  from  which 
she  must  draw  her  dividends  of  livelihood, 
happiness  and  contentment.  That  is  the  first 
step  towards  the  conservation  of  woman  pow- 
er and  the  reduction  of  women's  ills  in  in- 
dustry."— G.  E.  Partridge. 


The  Joint  Board  of  Sakitaey  Control  in 
THE  New  York  Ladies'  Garment  Indus- 
tries. Internat.  Labour  Rev..  Jan.,  1922,  5, 
Xo.  1,  125-129.— The  Joint  Board  of  Sani- 
tary Control  in  the  Xew  York  Ladies'  Gar- 
ment Industries  was  established  in  1910. 
There  are  seven  members:  two  nominees  of 
the  manufacturers,  two  of  the  trade  unions, 
and  three  representing  the  general  public. 

The  activities  of  the  board  are  divided  in- 
to four  sections:  sanitary,  medical,  fire-driU 
and  educational.  The  educational  aspect  of 
the  work  has  been  emphasized  and  has  been 
conducted  by  personal  interviews,  sanitary 
certificates,  bulletins,  journals,  leafiets, 
through  conferences,  lectures,  the  press,  ex- 
hibitions, and  other  means.  The  board  is 
empowered  to  establish  standards  of  sanitary 
conditions  in  the  industry.  There  are  shop 
committees  giving  special  instruction  in  sani- 
tation in  a  six-weeks'  course. 

Every  half-year  an  inspection  is  made  of 
the  3.866  workshops  and  the  whole  industry 
is  then  divided  into  four  classes  according 
to  the  defects  found,  and  re-inspection  va- 
ries in  frequency  accordingly.  In  connec- 
tion with  the  system  of  inspection  the  board 
has  established  a  nursing  and  first-aid  ser- 
vice which  installs  and  maintains  fir.st-aid 
equipment  in  each  shop  and  instructs  the 
workers  in  methods.  Experts  on  light  and 
ventilation  are  provided  when  needed.  Cer- 
tain of  the  local  unions  of  the  International 
Ladies'  Garment  Workers'  Union  own.  man- 
age, and  finance  a  Union  Health  Center,  and 
attention  is  given  to  preventive  medicine ; 
therapeutic  clinics  are  also  maintained.  A 
number  of  the  local  unions  have  a  tubercu- 
losis benefit. 

The  result  has  been  a  complete  change  in 
the  character  of  the  industry. — G.  E. 
Partridge. 

The  Employment  of  Children  in  the 
Weaving  Industry  in  Persia.  Internat.  La- 
bour Office,  Official  Bull.,  Dec.  21,  1921,  4, 
Xo.  25,  529-531. — Some  time  ago.  the  atten- 
tion of  the  International  Labour  Office  was 
drawn  to  the  unsatisfactory  conditions  un- 
der which  women  and  children  are  employed 
in  Persia  in  certain  carpet  factories,  espe- 
cially in  Kerman,  and  the  matter  was  taken 
up  with  the  Persian  IVIinistry  of  Foreign  Af- 
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fairs.  As  a  result,  the  Persian  government 
has  taken  steps  to  remedy  the  conditions  of 
labor,  and  pending  definite  measures  the  Ker- 
man  local  authorities  have  been  requested  to 
enforce  the  following  articles : 

"1.  Engagement  of  workers  to  be  effect- 
ed with  complete  liberty  on  both  sides. 

"2.     Eight-hour  day. 

"3.     Prohibition    of    employment    of   boys 


and  girls  under  age  of  ten  years. 

"4.  Permission  for  workers  to  leave  fac- 
tory at  midday  for  rest. 

"5.  Provision  of  healthy  sites  and  pure 
air  for  factories. 

"6.  Preparation  by  local  authorities  of 
comfortable  and  suitable  seats  for  women 
and  children  to  allow  work  in  normal  posi- 
tions, etc." — M.  C.  Shorley. 


INDUSTRIAL    SANITATION:    FACTORY   CONSTRUCTION,    ILLUMINA- 
TION, VENTILATION,  HEATING,  WATER  SUPPLY,  SEWAGE  DISPOSAL 


Ventilation  and  Eppicienoy  in  Fac- 
TOEiEs.  Leonard  Hill.  Lancet,  Jan.  7, 
1922,  No.  5132,  56-60.  — This  lecture  (a 
Chadwick  Trust  lecture)  presents  the  mod- 
ern view  of  the  physiological  action  of  ven- 
tilation. The  importance  to  health  of  basal 
metabolism  is  stressed,  and  the  necessity  of 
exercise  for  increasing  this  metabolism  is 
pointed  out.  On  the  other  hand,  the  claim 
is  made  that  sedentary  occupation  in  still, 
warm  atmospheres  lowers  the  basal  metabo- 
lism, slackens  muscular  tone,  lessens  appe- 
tite, causes  constipation,  makes  shallow  the 
breathing,  and  slows  the  circulation,  ren- 
dering the  worker  feeble  in  health  and  lia- 
ble to  disease.  Attention  is  drawn  to  the 
importance  of  respiration  for  cooling  the 
body  through  the  aqueous  vapor  exhaled. 
Efficiencj-  is  lowered  by  moist  warm  atmos- 
pheres; thus,  a  British  student  eats  daily 
food  of  the  value  of  some  4,000  calories, 
while  a  Malay  student  consumes  food  of  the 
vahie  of  about  1,600  calories  only. 

Ventilation  for  workers,  whether  doing 
hard  manual  work  or  following  some  more 
sedentary  occupation,  should  be  varied 
within  the  limits  necessary  for  maintaining 
an  active  metabolism.  The  condition  of  the 
atmosphere  is  only  imperfectly  ascertained 
by  using  ordinary  wet  and  dry  bulb  ther- 
mometers; by  these  means,  it  is  true,  tem- 
peratures may  be  noted  dangerous  from  the 
point  of  view  of  heat  stroke  or  frost  bite, 
but  accurate  information  cannot  be  obtained 
as  to  the  invigorating  power  of  the  atmos- 
phere at  ordinary  temperatures.  The  use 
of  the  kata-thermometer  for  this  purpose  is 
advocated,  and  instances  are  quoted  where 
it  has  been  employed  in  industrial  processes. 


Dr.  Hill  sees  in  exposure  to  moving  and 
cooling  air  the  influence  which  so  increases 
natural  metabolism  as  to  maintain  resist- 
ance against  disease;  hence  comes  an  impul- 
sion to  activity  rather  than  to  sit  still  and 
feel   chilled. 

The  time  cannot  be  far  distant  when  an 
agreed  standard  of  ventilation  as  detei-mined 
by  the  kata-thermometer  will  prevail  in  in- 
dustrial  establishments. — E.    L.    Collis. 

Compressed-Air  Blowers  as  an  Aid  to 
Metal-Mine  Ventilation.  E.  V.  Ageton. 
U.  S.  Bur.  Mines,  Reports  of  Investigations, 
Serial  No.  2309,  January,  1922.— The  author 
shows  by  psychrometric,  kata-thermometer, 
and  anemometer  measurements  that  com- 
pressed air  blowers  are  unsatisfactory  and 
that  much  better  results  are  obtained  by  the 
use  of  suction  fans  furnishing  fresh  air  from 
the  surface.  It  is  also  shown  that  the  latter 
method  is  much  less  expensive  and  its  adop- 
tion is  advocated. — Philip  Drinker. 

What  about  Ozone?  E.  Vernon  Hill  and 
John  J.  Aeherly.  Heating  and  Ventilating 
Mag.,  Jan.,  1922,  19,  No.  1,  37-40.— The  pres- 
ent paper  is  a  continuation  of  the  authors' 
article  in  the  December  issue  of  the  Heating 
and  Ventilating  Magazine,  and  details  ex- 
periments on  the  action  of  ozone  on  galvan- 
ized iron  ducts,  with  results  that  show  no 
loss  in  ozone  or  oxidation  of  the  zinc  of  the 
galvanized  coat.  Enameled  sheet  iron 
showed  signs  of  oxidation  on  the  walls  of  the 
ozonizing  chamber.  Odor  tests  using  butyric 
acid  for  comparison  gave  more  or  less  nega- 
tive results,  while  several  tests  with  bacteria 
laden  air  gave  no  conclusive  evidence  of  the 
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germicidal  value  of  ozone.  By  testing  the 
mould  on  stale  bread  the  authors  concluded 
that  the  ozone  had  destructive  properties. 
Gas  masks  were  used  in  working  with  con- 
centrations of  over  100  parts  of  ozone  per 
million. — Philip  Drinker. 

What  about  Ozone?  E.  Vernan  HiU  and 
John  J.  Aeberhj.  Heating  and  Ventilating 
Mag.,  March,  1922,  19,  No.  3,  36-37.— This 
is  the  concluding  paper  of  the  series  of  arti- 
cles on  ozone  by  the  same  authors.  The  pos- 
sibilities of  using  ozone  as  a  deodorant  and 
disinfectant  in  ventilation  and  in  air  condi- 
tioning are  discussed,  and  a  few  data  are 
given  on  its  use  as  a  germicide  and  in  the 
destruction    of   vermin. — Philip    Drinker. 


Hkat  as  a  ]Meaxs  of  Destroying  ^Iill  In- 
sect Pests.  /.  P.  Calderwood.  Heating 
and  Ventilating  Mag..  March,  1922,  19.  No. 
3,  25-26. — The  use  of  heat  as  an  insecticide, 
particularly  in  flour  mills,  is  discussed,  and 
examples  are  given  of  the  successful  applica- 
tion of  heat,  in  summer,  at  a  temperature  of 
130°  F.,  for  which  a  modern  mill  heating 
plant  need  be  but  little  modified.  A  formula 
for  calculating  heating  capacity  required  is 
given. 

Hydrocyanic  gas  as  an  insecticide  is 
claimed  to  be  less  applicable  because  of  the 
danger  incurred  as  well  as  because  of  the 
greater  expense,  as  compared  with  heat. — 
Philip  Drinker. 


INDUSTRIAL   MEDICAL   SERVICE:    MEDICAL  DISPENSARIES  AND 
HOSPITALS  IN  INDUSTRIAL  PLANTS 


Dental  Work  .vs  a  Prophylactic  Meas- 
ure IN  Improving  the  Physical  Condition 
OF  Employees.  T.  P.  Hyatt.  Am.  Jour. 
Pub.  Health.  April.  1922,  12,  No.  4,  325-327. 
— This  paper  is  a  brief  review  of  the  dental 
prophylactic  work  carried  out  bj'  the  Metro- 
politan Life  Insurance  Company  for  its  of- 
fice employees.  In  this  company's  dental 
clinic  two  cleansings  of  the  mouth  are  given 
each  year  and  X-ray  examinations  made  of 
all  teeth  having  crevices,  bridges,  or  non- 
vital  pulp.  The  X-ray  examination  has 
greatly  helped  in  the  improvement  of  the 
health  and  efficiency  of  the  employees.  A 
number  of  eases  are  cited  where  this  exam- 
ination has  resulted  in  the  removal  of  foci 
of  infection,  evidently  responsible  for  chronic 
ailment  of  various  types.     The  fact  is  noted 


that  these  patients  with  chronic  focal  infec- 
tion almost  always  suffered  markedly  from 
fatigue.— H.  F.  Smyth. 

Efficient  Record  ^Making  in  the  Tre.^t- 
ment  of  Industrial  Dls-^bilities.  Harry  L. 
Langnecker.  Calif.  State  Jour.  Med.,  Dec, 
1921,  19,  No.  12,  477-479.— The  author  em- 
phasizes the  necessity  for  better  record  keep- 
ing in  the  treatment  of  industrial  disabili- 
ties. Methods  should  be  simple,  definite,  and 
uniform,  and  should  include  every  available 
detail.  Sample  record  forms  are  shown,  and 
the  apparatus  necessary  for  the  estimation 
of  deformity  of  the  extremities,  of  back  in- 
juries and  of  foot  disability  are  illustrated. 
— M.  C.  Shorlev. 


INDUSTRIAL  NURSING 


Part  Time  Industrial  Xuuslvg.  \ora 
Ron-ell.  Pub.  Health  Nurse,  Feb.,  1922,  14, 
Xo.  2,  85-86. — ^The  ob.jeet  of  part-time  indus- 
trial nursing  is  to  give  to  small  factories,  at 
a  price  that  is  not  prohibitive,  the  same  ad- 
vantage of  health  supervision  that  the  up-to- 
date  big  factory  enjoys.  The  attitude  of  the 
small  factory  toward  health  welfare  work  is 
generally  negative,  simply  because  it  has  not 
been  tried  out.    The  objects  of  the  work  are : 


1.  Greater  efficiency  of  the  working  force. 

2.  Diminished  loss  of  time  and  suffering 
from  preventable  diseases. 

3.  Increased   contentment   of   the  workers. 

4.  Better  spirit  of  co-operation  on  the  part 
of  the  emploj-ees. 

A  friendly  feeling  is  encouraged  between 
the  nurse  and  the  workers.  The  nurse,  com- 
ing in  from  a  different  angle  than  the  fors- 
man,   can  encourage   a  spirit   of   pride   and 
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thus  solve  long-standing  problems.  The 
workers  are  encouraged  to  come  to  her,  so 
that  she  maj*  avoid  diverting  their  attention 
from  their  work  bv  going  among  them.  A  reg- 


ular inspection  of  the  factor\-,  however,  pro- 
vides enough  circulation  among  the  workers 
to  stimulate  and  maintain  interest.  —  M. 
^Mahonev. 


INDUSTRIAL   PSYCHOLOdY   AND  INDUSTRIAL  MANAGEMENT 
IN  ITS  HEALTH  RELATIONS 


The  Hum\n  Factor  in  Industry.  IV. 
C.  H.  Northcott.  Indust.  Management,  Jan., 
1922,  63,  No.  1,  36-41.— Much  of  the  stunted 
development  of  workers  in  all  countries  or 
"their  low  standard  of  comfort"  is  due  to 
the  relative  smallness  of  their  wages.  It  is 
just  that  industrj'  should  bear  the  obligation 
of  paying  a  sufficient  reward,  and  parasitic 
industries  that  cannot  pay  their  way  on  this 
basis  are  a  burden  to  society  and  a  curse  to 
the  workers. 

With  regard  to  the  definition  of  just  re- 
muneration we  have  not  advanced  very  far 
The  National  War  Labor  Board  at  Washing- 
ton followed  a  standard  which  would  ensure 
"the  subsistence  of  the  worker  and  his  fam- 
ily in  health  and  reasonable  comfort."  But 
no  wage  is  fair  that  does  not  reward  skill  and 
effort  in  proportion  as  they  are  manifested ; 
and  a  wage  is  not  fair  which  does  not  in- 
crease with  increased  effort  and  increased 
output.  As  a  practical  means  the  rate-fixing 
adopted  in  some  factories,  in  which  a  work- 
ers' rate-fixer  and  a  company's  rate-fixer 
confer  and  agree  is  good.  But  there  is  also 
a  wider  view  since  the  "sqiiare  deal"  is  so 
important  in  maintaining  peaceful  industrial 
relations,  and  one  solution  is  the  establish- 
ment of  a  wages  department  alongside  of 
the  employment  department,  the  function  of 
which  is  to  determine  fair  wages  in  every 
part  of  the  work. 

Industry  also  owes  its  workers  security, 
and  for  this  an  economic  argument  as  well 
as  a  human  argument  can  be  proffered.  In- 
dustry should  make  no  significant  difference 
between  those  who,  in  bad  times,  are  unem- 
ployed, and  those  who  are  employed  the 
whole  time,  since  industry  is  always  in  need 
of  a  reserve.  Only  by  guaranteeing  some  de- 
gree of  maintenance  diTring  unemployment 
can  the  capitalist  undertake  fully  the  risks 
of  industry  and  thus  overthrow  one  of  the 
most  powerful  arguments  against  continu- 
ance of  the  present  industrial  system.     The 


human  argument  is  obvious :  unemployment 
is  the  dark  shadow  over  the  lives  of  workers. 
It  inhibits  co-operation  and  retards  produc- 
tion because  of  the  fear  which  it  produces. 
Unemployment  is  a  cause  of  both  phj-sical 
and  moral  deterioration.  Present  insurance 
plans  are  inadequate,  but  a  recent  plan 
worked  out  in  Great  Britain  is  more  feasi- 
ble. A  rate  was  proposed  according  to  which, 
varying  with  the  size  of  family,  etc.,  the  un- 
employed man  should  receive  a  sum  up  to  a 
possible  75  per  cent,  of  his  wages,  the  fund 
being  provided  by  a  levy  of  one  penny  in 
ten  shillings  of  wages  on  the  workers  and  a 
contribution  of  about  2  per  cent,  of  the  wage 
bill  from  the  employer;  and  this  has  been 
made  the  basis  of  an  unemployment  benefit 
fund  established  by  one  firm. 

Industry  should  afford  time  for  leisure 
and  recreation.  The  forty-eight-hour  week 
is  a  maximum,  but  the  plan  to  crowd  the 
forty-eight  hours  into  a  five-day  week  is  not 
defensible,  although  the  forty-four-hour  five- 
day  week  is  practicable. 

Equally  important  is  mental  satisfaction. 
The  employee  should  be  instructed  in  regard 
to  the  nature  of  the  business,  and  should 
later  have  lessons  in  organization  and  in  the 
function  of  the  departments  of  the  industry. 
In  one  case  in  which  new  employees  were 
given  introductory  instruction  of  this  kind 
this  group  "far  surpassed  any  record  for 
efficiency  set  up  by  their  predecessors." 

Regard  for  personality  is  the  mo.st  impor- 
tant of  all  in  the  relations  of  industry  to 
employee,  and  with  the  increasing  mecha- 
nizing of  processes  it  is  harder  to  attain.  All 
possible  conditions  favorable  to  health  and 
comfort  and  contentment  must  be  provided, 
therefore,  and  the  "employer  who  will  give 
time  and  money  to  make  his  workers  com- 
fortable is  more  likely  to  have  efficiency  and 
content  within  his  factory." 

There  must  be  proper  vocational  selections ; 
workers  are  more  likely  to  develop  into  the 
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men  and  women  they  should  be  if  the  jobs 
to  which  they  become  attached  fit  them.  Here 
the  industrial  psycholog-ist  functions.  He 
alone  can  scientificalh-  estimate  a  worker's 
capacities  in  respect  to  such  qualities  as  dex- 
terity, speed  of  perception  and  reaction, 
quickness  and  reliability  of  choice,  accuracy, 
forethought,  ingenuity,  etc.  Each  industry 
owes  those  who  apply  to  join  it  guidance  as 
to  their  adaptability  and  suitability. 

Work  is  physically  satisfying  and  interest- 
ing only  if  it  gives  free  play  for  one's  in- 
stincts, including  those  of  workmanship, 
domination  and  submission.  Men  have  still 
a  pride  in  work,  but  above  all  they  want  to 
feel  that  they  count  in  industry.  And  they 
want  some  share  in  control  over  measures  af- 
fecting their  own  lives.  This  means  some 
type  of  industrial  representation. 

"To  make  of  each  worker  an  understand- 
ing contributor  to  the  world's  work,  while 
not  the  ultimate  end  of  life,  is  the  most  splen- 
did end  that  industry  can  achieve,  and  the 
discharge  of  the  debt  that  it  owes  him."— G. 
E.  Partridge. 

The  SEE\acE  op  Neuropstchiatry  to  Indus- 
TRiAh  lyiEDiciNE.  H.  W.  WHght.  Calif.  State 
Jour.  Med.,  Dec,  1921,  19,  No.  12,  464-468.— 
Labor  turnover  is  a  cause  of  much  expense 
and  trouble  in  industry;  it  is  usually  due  to 
a  faulty  adjustment  of  the  employee  and  to 
his  susceptibility  to  influences.  The  malad- 
justed are  usually  constitutionally  defective, 
psychopathic,  psychoneurotic  or  physically 
sick.  The  industrial  problem,  therefore, 
needs  to  be  considered  from  the  standpoint 
of    neuropsychiatry. 

"Now,  we  all  know  what  war  neurosis  is, 
and  most  of  us  are  familiar  with  traumatic 
neurosis  as  seen  in  industrial  life,  and  we  ap- 
preciate that  both  are  the  result  of  the  same 
essential  factors,  namelj',  a  conflict  between 
the  instinctive  tendency  to  withdraw  from 
danger  or  discomfort  to  seek  safety  or  ease, 
and  the  less  primitive  and,  therefore,  weak- 
er tendency  to  stand  by  the  social  group  and 
carry  on  with  one's  duties  or  burdens  of 
life.  And  yet  the  results  we  are  getting 
with  traumatic  neurosis  in  industrial  life  are 
deplorable !  And  this  is  because  there  is  no 
well  organized  effort  to  diagnose  it  early  and 


treat  it  early  before  the  fixation  of  its  symp- 
toms. ' ' 

What  is  the  function  of  the  neuropsychi- 
atrist  in  industry?  In  part  to  eliminate  the 
unfit,  but  more  to  enable  the  employer  to  re- 
tain his  employees  and  fit  them  to  work,  to 
help  the  neurotic  to  adapt  himself  to  difficul- 
ties through  a  better  self -understanding.  The 
psychiatrist's  larger  field  of  usefulness  wiU 
be  in  dealing  with  borderline  nervous  and 
mental  disorders  and  differentiating  them 
from  organic  and  incurable  conditions. 

The  types  of  problems  which  the  neuro- 
psychiatrist  will  meet  most  in  industry  are: 
(1)  the  detection  of  the  unemployable  for 
any  kind  of  permanent  employment ;  (2) 
the  proper  placement  of  those  who,  though 
handicapped  by  nervous  or  mental  defects, 
can  be  permanently  employed  —  e.g.,  the 
placement  of  the  feebleminded  and  also  of 
those  having  special  abilities;  (3)  bringing 
about  better  feeling  on  the  part  of  foremen 
and  employers  toward  peculiar  individuals 
having  mental  episodes,  and  a  better  under- 
standing of  those  requiring  change  and  rest; 
(4)  early  diagnosis  and  therapy  of  traumatic 
neurosis.  In  all  of  this  work  the  aid  of  the 
laboratory  psychologist  and  intelligence 
tester  will  be  very  valuable. 

Examination  should  include  a  general  in- 
terview, general  physical  and  neurological 
examination,  and  a  later  interview  when  all 
available  data  are  taken  into  consideration. 
The  examiner  should  always  make  it  clear 
that  the  examination  is  primarily  for  the 
benefit  of  the  employee. 

A  very  useful  outline  for  examination  is 
appended.  This  includes  directions  for  tak- 
ing the  anamnesis ;  for  mental  examination 
with  respect  to  appearance  and  behavior, 
spontaneous  talk,  mental  attitude,  orienta- 
tion and  memory,  intelligence  (to  be  tested  by 
the  Binet-Simon  methods.  Healy's  modifica- 
tion of  the  Binet-Simon  scale,  and  Ziehen's 
tests).— G.  E.  Partridge. 

Periodic  Vari.\tioxs  ix  Efficiency.  Archi- 
iald  G.  Peaks.  Abstracted  from  Education- 
al Psychological  Jlonographs  No.  23,  1921, 
in  The  Digest.  Jan.-Feb.,  1922,  4,  Nos.  1-2,  2. 
— "On  the  assumption  that  there  arc  peri- 
odic variations  in  mental  and  physical  effi- 
ciency, experiments  were  made  to  determine 
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the  periodicity  of  attention,  muscle  strength, 
primary  memory,  strength  and  endurance. 
The  relation  between  conduct  and  weather, 
civilization  and  climate,  the  effect  of  weather 
on  the  ability  to  learn,  the  effects  of  varia- 


tions in  the  sunlight,  effects  of  changes  in 
temperature,  effects  of  variations  in  the  hu- 
midity— all  these  in  so  far  as  they  affect  per- 
sonal efficiency  are  taken  up  in  turn." 


INDUSTRIAL  SERVICE  AND  MUTUAL  BENEFIT  ASSOCIATIONS 


Health  and  Welfare  in  the  Coal  Min- 
ing Industry.  Edgar  L.  Collis.  Jour.  State 
Med.,  Jan.,  1922,  30,  No.  1,  15-27.— One  of 
the  aims  of  welfare  work  in  this  industry  is 
the  reduction  of  excessive  labor  turnover  by 
dissuading  unsuitable  persons  from  engaging 
in  coal  mining.  In  the  mines,  there  are  sev- 
eral matters  needing  serious  attention.  Clean 
drinking  water  is  an  important  necessity 
for  the  miner  and  a  supply  carried  to  the 
workings  would  be  of  great  benefit  to  prevent 
his  recourse  to  dangerous  underground  water. 
The  inauguration  of  colliery  kitchens  from 
which  freshly  cooked  food  could  be  sent  to 
the  workings  would  be  a  healthful  improve- 
ment over  the  "picnic"  lunches  that  the 
miners  now  have  to  eat.  Pithead  baths  for 
the  miners  are  considered  a  highly  important 
factor  in  promoting  their  moral  and  social,  as 
well  as  their  physiological  well-being. 

Underground  lighting  stands  in  urgent 
need  of  improvement  since  poor  illumination 
is  largely  responsible  for  many  accidents  and 
for  nystagmus.  Another  health  question  is 
the  occurrence  of  beat-hand,  beat-elbow  and 
beat-knee,  of  which  there  were  2,772  cases 
claiming  compensation  in  1914,  and  an  in- 
quiry should  be  set  on  foot  to  ascertain 
whether  this  condition  and  bronchitis  and 
pneumonia,  from  which  miners  in  certain 
coalfields  suffer  in  excess,  are  not  pre- 
ventable. 

For  the  reduction  of  accidents,  safety-first 
methods  should  be  impressed  upon  the  min- 
ers. Investigations  have  shown  that  certifi- 
cated illness  rises  and  falls  with  so-called 
avoidable  absences,  which  means  that  so- 
called  absenteeism  is  governed  by  influences 
controlling  actual  sickness. 

Outside  of  working  hours,  a  helpful  influ- 
ence may  be  exerted  by  providing  acceptable 
means  for  recreation,  such  as  gardening,  and 
for  educational  improvement.  Establish- 
ment of  competent  electric  massage  institu- 


tions to  treat  injuries  of  muscles  of  the  back 
and  limbs  of  miners  is  recommended. 

"When  the  mortality  rates  of  coal  miners 
for  1910-1912  are  compared  separately  for 
the  seven  great  coalfields  of  Great  Britain 
with  the  strike  ballots  of  the  miners  taken 
in  the  summers  of  1920  and  1921,  a  curious 
thing  is  noticed.  The  different  fields  voted 
for  a  strike  according  to  their  death  rates. 
This  observation  would  seem  to  indicate  that 
the  usual  reasons  given  for  social  unrest  are 
merely  conscious  efforts  to  explain  uncon- 
scious impulses,  and  that  these  unconscious 
impulses  are  founded  upon  ill  health, — Bar- 
nett  Cohen. 

CiiANGE-Hou.SES  FOR  WORKMEN.  C.  Lari- 
mer Colhurn.  Nat.  Safety  News,  Jan.,  1922, 
5,  No.  1,  29. — This  article  deals  with  types 
of  change-houses  for  mine  workers  and  other 
industrial  employees. 

A  satisfactory  change-house  is  that  used 
by  the  Utah  Fuel  Company,  at  the  Castel- 
gate  No.  2  mine,  where  hooks  are  provided 
so  that  the  clothing  of  the  workmen  can,  by 
means  of  a  cable  over  a  pulley,  be  elevated 
near  the  ceiling  where  there  is  plenty  of 
warm  air.  Benches  conveniently  placed  on 
the  concrete  floor  provide  for  the  men  when 
changing  their  clothes.  After  hanging  their 
clothing  on  hooks,  they  elevate  the  hooks,  a 
padlock  making  it  impossible  for  anyone  else 
to  lower  a  man's  hook  after  it  is  drawn  up. 

The  New  Jersey  Company  at  Franklin, 
N.  J.,  uses  lockers  for  its  change-house.  By  use 
of  a  blower  sj^stem,  fans,  arranged  at  the 
roof  of  the  building,  suck  the  air  through  the 
lockers  and  discharge  it  through  the  roof. 
"Steam  pipes  run  through  the  lockers  and 
furnish  the  heat  necessary  to  dry  the  clothes." 

Toilet  rooms  and  shower  baths  are  placed 
conveniently  in  both  change-houses. — M.  C. 
Hamblet. 
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INDUSTRIAL  HEALTH  LEGISLATION:    COURT  DECISIONS: 
WORKMEN'S  CO^ktPENSATION  AND  INSURANCE 


Labour  Legislation  Arising  Out  op  the 
International  Labour  Conterence.  Intei'- 
nat.  Labour  Office.  Official  Bull.,  Nov.  16, 1921, 
4,  No.  20,  431-438.— Bills  giving  effect  to  the 
Draft  Conventions  and  Recommendations 
adopted  by  the  Washington  Conference  have 
passed  their  first  reading  in  the  Brazilian 
Chamber  of  Deputies.  The  bill  relating  to 
the  employment  of  women  makes  effective 
certain  provisions  about  night  work  and  the 
employment  of  women  before  and  after  child- 
birth, and  also  the  recommendation  concern 
ing  the  protection  of  women  and  children 
against  lead  poisoning.  The  bill  dealing  with 
employment  of  children  fixes  the  minimum 
age  for  admission  of  children  to  industrial 
emploj-ment,  regulates  the  night  work  of 
young  persons  employed  in  industry,  and 
follows  also  the  recommendation  for  protec- 
tion against  lead  poisoning. 

The  bill  concerning  women  contains  twen- 
ty-three paragraphs.  It  prohibits  the  em- 
ployment of  women  in  certain  occupation.s, 
such  as  mining,  and  in  establishments  where 
conditions  are  prejudicial  to  the  constitution 
of  women,  and  also  in  night  work.  Hours 
of  labor  are  limited  to  eight,  with  a  minimum 
rest  of  one-half  hour.  Every  worker  .shall  be 
entitled  to  a  rest  period  of  thirty  days  pre- 
ceding and  forty  days  following  childbirth, 
with  two-thirds  wages,  and  the  position  of 
the  worker  must  be  kept  open  for  her.  Time 
without  deduction  of  pay  is  allowed  the  nurs- 


ing mother.  Provisions  are  made  for  pro- 
tection from  hazards  likely  to  affect  women 
in  the  period  of  pregnancy,  and  for  the  es- 
tablishing and  maintenance  of  nursing  rooms. 
The  employment  of  "female  young  persons" 
as  actresses,  etc.,  in  circuses,  cafe  concerts 
or  theatres  is  prohibited.  Except  when  nec- 
essary, male  workers  are  not  to  be  employed 
in  the  same  room  with  female  workers. 

The  bill  concerning  the  emploj'ment  of 
children  contains  twenty-five  paragraphs. 
Children  of  either  sex  under  14  years — with 
certain  exceptions — are  not  to  be  employed. 
Children,    when     admitted    to    employment, 

hall  not  be  employed  more  than  six  hours  a 
day,  and  shall  have  a  right  to  thirty-six  con- 
secutive hours  a  week  for  rest.  Certain  oc- 
cupations are  prohibited  to  young  persons 
under  18  years.  The  Ministry  of  Labor 
may  at  any  time  forbid  the  employment  of  a 
child  if  the  state  of  health  is  not  such  as  to 
allow  heavy  labor.  In  establishments  of  all 
kinds  where  children  are  employed,  employ- 
ers shall  be  obliged  to  maintain  their  plant 
in  the  "most  perfect  working  order,"  and 
to  provide  suitable  protection  against  danger- 
ous machines  and  tools.  Children  covered  by 
the  act  are  not  to  be  employed  on  piecework, 

or  work  by  contract,  or  overtime,  etc. 

Adoption  of  the  Berne  Convention  of  1906 
on  the  prohibition  of  the  use  of  white  phos- 
phorus in  the  manufacture  of  matches  is  also 
reported. — G.  E.  Partridge. 


INDUSTRIAL  MORTALITY   AND  MORBIDITY  STATISTICS 


Coal  Mine  Fatalities  in  the  United 
State,s  and  the  United  Kingdom.  Internat. 
Labour  Rev.,  Jan.,  1922,  .5,  No.  ],  139-144.— 
Statistics  in  regard  to  mine  fatalities  during 
the  years  1913-1920  are  presented  in  eight 
tables.  The  number  of  workers  employed 
and  the  fatality  rate  for  each  year  are  given, 
and  the  death  rate  for  the  period  considered 
is  compared  with  that  of  other  periods.  Fa- 
tality rates  in  metal  mines  in  the  United 
States  are  compared  with  those  for  the  Uni- 
ted Kingdom  (they  are  about  three  times  a.s 
high  in  the  T'nitod  States)  ;  fatality  rates  in 
quarries  are  also  shown,  those  for  tln'  Cnited 


States  being  higher,  but  not  to  so  great  an 
extent  as  in  metal  mines.  In  coal  mining, 
however,  the  rate  in  the  United  States  ex- 
ceeds that  in  the  United  Kingdom  in  about 
the  same  propqrtions  tliat  hold  for  metal  min- 
ing. Coal  mine  fatalities  in  the  LTnited  States 
and  the  United  Kingdom  are  shown  also  with 
reference  to  their  causes.  In  both  countries 
falls  of  ground  account  for  about  50  per  cent., 
and  underground  and  shaft  accidents  for 
about  90  per  cent.  Progressive  improvement 
is  shown  in  the  United  Kingdom  in  regard  to 
coal  mine  fatalities,  but  not  in  the  United 
States. — G.  E.  Partridge. 
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Address  on  Industrial,  Hygiene.  J.  G. 
Cunningham.  Nat.  Hyg.  and  Pub.  Welfare, 
Jan.,  1922,  58,  No.  1,  54-63.— This  paper 
touches  briefly  on  several  points  of  interest  to 
the  industrial  hygienist :  inheritance  of  effects 
of  industrial  poisonings ;  infant  mortality  in 
communities  having  a  high  percentage  of  in- 
dustrially employed  women;  industrial  med- 
ical exajnination  for  young  persons  entering 
industry  as  practised  in  Great  Britain; 
standardized  classification  of  industries  and 
types  of  industrial  disease;  specific  hazards 
and  general  hazards.  There  are  some  inter- 
esting reviews  and  opinions  in  regard  to  the 
present  status  of  lead  poisoning,  tuberculo- 
sis, and  cancer  in  relation  to  industrial  con- 
ditions as  predisposing  causes. — G.  E.  Par- 
tridge. 


Sickness  Frequency  among  Industrial 
Employees.  U.  S.  Pub.  Health  Ser.,  Pub. 
Health  Rep.,  Jan.  6,  1922,  37,  No.  1,  2.— 
The  report  relates  to  moi'bidity  among  wage 
earners,  as  shown  by  data  pro^'ided  by  some 
manufacturing  companies  and  benefit  associ- 
ations covering  the  period  from  January, 
1920,  to  June,  1921.  The  items  refer  to  dis- 
abilities lasting  one  week  or  longer.  Most 
of  the  associations  have  age  limits  and  re- 
strictions, so  that  the  report  represents  a 
"minimum  statement  of  disabilities  actually 
occurring." 

Frequency  of  the  disease  groups  is  shown 
in  two  tables  and  a  chart,  and  is  given  for 
each  month  of  the  period.  It  appears  that 
serious  illness  was  about  twice  as  frequent 
in  the  winter  of  1920-1921  as  in  the  summer 
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of  1920.  lu  general,  the  rate  was  higher  in 
1921  than  in  1920.  The  digestive  diseases 
show  no  greater  prevalence  in  the  warm 
weather,  bi;t  respiratory  diseases  were  about 
three  times'  as  frequent  in  Febiiiary,  1921, 
as  in  June  of  the  same  year.  The  seasonal 
variation  of  the  four  most  important  causes 
of  disability — tonsillitis,  bronchitis,  rheuma- 
tism, and  pneumonia — is  shown  in  a  chart 
with  eiu-ves  plotted  ou  a  logarithnnic  basis. 
The  seasonal  fluctuatiop  of  the  four  diseases 
"appears  to  be  fairly  similar,  though  there 
is  a  tendency  for  the  peak  of  the  curve  of 
rheumatism  to  be  reached  a  month  or  two 
later  than  the  time  at  which  the  other  three 
diseases  are  most  prevalent."  There  was  a 
•wide  difference  in  the  morbidity  rates  for 
different  benefit  associations,  one  having 
four  times  as  many  cases  per  1.000  as  an- 
other, and  a  severity  rate  represented  by 
10.27  days  as  compared  with  1.54  in  the 
other. — G.  E.  Partridge. 

Sickness  among  Office  Employees. 
Dean  E.  Brundage.  V.  S.  Pub.  Health  Ser., 
Pub.  Health  Rep.,  ]\Iarcli  10,  1922,  37,  No. 
10,  527. — This  is  a  report  of  one  year's  ex- 
perience of  a  large  manufacturing  company 
in  the  Middle  West  which  recorded  the  num- 
ber of  hours  lost  from  work  by  each  ofSee 
employee  on  account  of  sickness  and  acci- 
dents. The  average  number  of  persons  em- 
ployed during  the  year  ending  January  31, 
1921,  was  1,282,  with  women  in  the  ma- 
jority ;  and  the  average  age  of  the  group  was 
23.7  years.  There  were  two  cases  of  dis- 
abling sickness  per  person,  and  the  average 
number  of  working  days  lost  per  case  was 
3.8.  Over  9  per  cent,  of  all  dispensary  calls 
were  due  to  minor  infections,  yet  not  a  sin- 
gle case  of  disability  from  purulent  infection 
developed.  Common  ailments,  colds,  rhin- 
itis, headache  and  sore  throat,  were  respon- 
sible for  the  greatest  amount  of  disability. 
Sex  is  a  considerable  factor  in  disability ;  the 
departments  having  the  largest  proportion 
of  men  had  the  lowest  illness  rates.  Fatigue 
caused  a  surprising  amount  of  disability 
both  in  duration  and  incidence.  The  aver- 
age duration  of  11.66  working  days  per  ease 
of  fatigue  was  by  far  the  longest  of  any  of 
the  fifteen  most  frequent  causes  of  disability. 
— Barnett  Cohen. 


Ship  Sanitation  and  First  Aid  for  i\lER- 
CHANT  Seamen.  U.  S.  Pub.  Health  Ser., 
Pub.  Health  Rep.,  March  31.  1922,  37,  No. 
13.  758. — "'The  Seci*etary  of  Commerce  has 
recently  approved  an  amendment  to  the 
general  rules  and  regulations  prescribed  by 
the  Board  of  Supervising  Inspectors,  which 
requires  that  no  candidate  for  original 
license  as  master,  mate,  pilot  or  engineer 
shall  be  examined  unless  he  has  completed 
a  course  of  instruction  in  '  first  aid '  approved 
by  the  U.  S.  Public  Health  Service  and  has 
passed  an  oral  examination  based  on  a  Man- 
ual of  Ship  Sanitation  and  First  Aid  re- 
cently prepared  by  the  Public  Health  Ser- 
vice in  co-operation  with  the  Seamen's 
Church  Institute  of  New  York  City." — Bar- 
nett Cohen. 

Some  Recent  Reports  on  Vocational 
Selection  in  England.  D.  R.  Wilson. — 
Until  recently  the  terms  vocational  guidance 
and  vocational  selection  were  almost  un- 
known in  England,  notwithstanding  the 
large  amount  of  work  on  these  subjects  car- 
ried out  in  other  countries,  notably  in  the 
United  States  and  Germany.  Even  during 
the  war  when  the  need  for  the  rapid  and 
successful  filling  of  vacancies  was  especially 
acute,  work  on  vocational  selection  was  con- 
fined to  a  few  specialized  branches  of  the 
fighting  forces  (1)  (2)  (3),  and  nothing  was 
attempted  comparable  with  the  extensive 
classification  of  the  personnel  in  the  United 
States  army  (4),  or  the  selection  in  Germany 
of  women  workers  for  the  printing  trade 
(5)   (6)  and  for  street  car  driving  (7). 

"Within  the  past  two  years,  however,  there 
have  been  signs  of  increasing  interest  in  the 
subject.  The  Industrial  Fatigue  Research 
Board,  for  instance,  has  included  the  scien- 
tific study  of  the  problem  within  its  sphere 
of  work,  and  the  National  Institute  of  In- 
dustrial Psychology  has  now  been  estab- 
lished with  the  object  of  developing  voca- 
tional guidance  on  practical  lines. 

Under  the  circumstances  the  English  liter- 
ature on  the  subject  is  at  present  small,  but 
a  few  reports  and  papers  dealing  with  orig- 
inal research  on  vocational  tests  have  al- 
ready been  published.  In  the  earliest  of 
those  (8)  issued  by  the  Industrial  Fatigue 
Research  Board  (which  has  already  been  re- 
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viewed  in  the  Abstract  Section  of  this 
Journal,  May,  1922,  4,  No.  1,  2)  the  whole 
of  the  literature  on  the  subject  has  been 
reviewed. 

More  recently  a  new  report  from  the  same 
source  has  appeared,  containing  an  account 
of  three  investigations  on  the  subject  (9). 
The  tirst  study  is  based  -on  an  investigation 
conducted  among  compositors,  readers,  and 
monotype  kej'board  operators  in  two  print- 
ing works.  The  procedure  adopted  was  as 
follows : 

1.  The  work  was  closely  observed  and 
the  particular  capacities  that  seemed  to  be 
demanded  by  it  were  noted. 

2.  Suitable  tests  of  these  capacities  were 
devised. 

3.  The  operators  were  graded  from  an 
independent  source,  generally  from  the 
opinion  expressed  by  the  manager  or  fore- 
man as  to  the  proficiency  of  each  individual. 

4.  The  tests  were  applied  and  a  second 
grading  based  on  these  tests  obtained. 

5.  The  two  gradings  were  compared,  and 
by  applying  the  method  of  partial  correla- 
tion, such  tests  as  were  shown  to  be  unneces- 
sary or  undesirable  were  eliminated. 

6.  The  independent  grading  was  corre- 
lated with  a  grading  based  on  the  remaining 
tests. 

In  the  case  of  compositors,  the  following 
capacities  were  first  tested  as  the  result  of 
observation   of  the   work : 

a.    Dexterity  {match  stick  insertion  test). 
h.     Rapidity  of  observation   (two  cancella- 
tion tests). 

c.  Immediate  memory  (substitution  test). 

d.  Visual  perception  of  foi'm  (form 
board   test). 

e.  Intelligence    (directions  test). 

Of  these,  one  of  the  cancellation  tests,  the 
form  board,  and  substitution  tests  were  sub- 
sequently discarded,  and  the  final  results 
based  on  the  remaining  three  tests. 

The  results  obtained  at  one  of  the  works 
may  be  graphically  represented  by  Figure  1. 

The  ordinates  are  the  ranks  for  the  tests — 
that  is,  "1"  indicates  the  rank  of  the  com- 
positor who  made  the  best  performance  in 
the  tests;  "2"  that  of  the  compositor  who 
made  the  second  best  performance,  and  so 
on.    The  abscissae  are  the  ranks  for  compos- 


ing efficiency.  The  position  of  the  fourth 
dot,  for  instance,  indicates  that  the  com- 
positor, who  was  fourth  in  the  tests  was  also 
fourth      in     composing      efficiency.  The 

straight  diagonal  line  indicates  a  pos- 
sible absolute  correspondence  between 
the  rankings  for  composing  and  total 
efficiency  in  the  three  tests  (an  r  of 
+1.)  The  dots  represent  the  individual 
compositors.  The  degree  of  correlation  is 
indicated   by  the  nearness  of  these  dots  to 
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Fig.  1. — Graphical  represeutation  of  the  degree 
of  correlation  at  a  printing  works  between  com- 
posing efficiency  and  total  score  in  the  Cancella- 
tion, Match  f^tick  Insertion,  and  Directions  tests. 


the  straight  diagonal  line.  If  a  dot  falls  on 
this  line,  the  compositor  indicated  by  it  occu- 
pies exactly  the  same  position  in  the  test 
and  work  rankings.  While  this  seldom  hap- 
pens, the  distance  of  the  dots  from  the  line 
of  perfect  correlation  is  rarely  considerable. 

Similar  results  were  obtained  in  the  case 
of  the  compositors  in  another  works,  the  co- 
efficient of  correlation  here  being  -f-0.71. 

On  the  general  significance  of  these  re- 
sults, Muscio  emphasizes  the  fact  that  com- 
posing efficiency  does  not  depend  solely  on 
the  possession  by  the  compositor  of  the 
psychophysiological  capacities  measured  by 
the  tests,  but  also  on  other  factors,  such  as 
trade  knowledge,  general  health,  application 
and  ambition,  not  affecting  efficiency  in  the 
tests.      Hence,    perfect    correlation    between 
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efficiency  in  the  tests  ami  composing  effi- 
ciency could  not  in  any  case  be  expected, 
but  the  high  correlation  coefficients  obtained 
indicate  that  the  functions  brought  into 
operation  in  the  performance  of  the  tests 
are  nevertheless  distinctly  important  in 
composing  efficiency.  Some  preliminary 
tests  were  also  carried  out  on  readers  and 
monotype  keyboard  operators. 

The  second  and  third  studies  in  this  vol- 
ume are  of  special  interest  in  that  they  deal 
with  vocational  selection  on  a  non-psycho- 
logical basis,  with  the  consequent  recogni- 
tion that  in  selection  for  industrial  work 
physical  and  physiological  qixalities  must 
also  play  an  important  part.  In  the  second 
study  the  author  deals  with  the  measure- 
ment of  physical  strength  of  2,300  youths 
in  Manchester  and  industrial  Essex.  He 
points  out  that  many  forms  of  work  make 
special  physical  demands  on  the  worker,  and 
that  inadequate  muscular  development  in- 
duces unnecessary  fatigue  and  inefficiency,* 
and  suggests  tentatively  that,  -with  regard 
to  the  subjects  tested,  possibly  10  per  cent. 
of  those  who  become  engineering  apprentices 
do  not  possess  the  physique  reqtiired  for 
engineering  work,  so  that  some  decrease  in 
fatigue  and  inefficiency  could  be  effected  by 
guiding  these  persons  into  vocations  where 
physical  strength  is  not  required  and  by 
substituting  for  them  others  of  more  ade- 
quate physique.     His  other  conclusions  are: 

"  (i)  that  the  muscular  strength  test  de- 
vised by  Martin  [10]  (based  on  tests  for 
certain  groiips  of  mitscles)  is  unsatisfactory 
for  genera]  industrial  work,  chiefly  becatise 
results  obtained  by  it  are  partly  a  function 
of  the  partictilar  operator; 

"(ii)  that  a  combination  of  grip  and 
weight  gives  a  useful  indication  of  general 
strength,  though  a  better  indication  would 
almost  certainly  Ije  obtained  by  the  addition 
of  a  suitable  test  of  the  strength  of  the  fore- 
arm flexors ; 

"(iii)  that  the  Essex  adolescent  males 
engaged  in  engineering  are  consistently 
stiperior  physically  to  ]\ranehester  ado- 
lescent males  engaged  in  tlic  same  type  of 
work." 

*\  fiireful  (listiiictidii.  Imwcvcr.  is  (Ir:i\vii  lic- 
tween  phys'cal  stren^tli  and  inihiriiii<-(.  mikI  tin- 
investiKfltinn  is  ooiicerned  .solely  with  lln>  nic-is- 
iirement  of  the  former. 


A  set  of  percentile  tables  is  appended  by 
the  use  of  which  the  general  strength  of  an 
individual  may  be  estimated  from  his  grip 
and  weight. 

The  third  study  is  based  on  a  somewhat 
similar  investigation  conducted  among  girls 
employed  in  a  confectionery  factory.  The 
subjects  selected  were  manual  workers,  paid 
on  a  piece  rate  system,  and  the  measurements 
taken  were  chiefly  those  of  the  arms,  hands, 
and  fingers.  In  each  process  the  workers 
were  divided  into  two  groups  (A  and  B), 
composed  of  those  whose  output  was  high 
and  low  respectively,  and  the  physical  types 
of  both  groups  compared  so  as  to  ascertain 
whether  proficiency  is  related  to  any  par- 
ticular type. 

The  results  indicate  that  two  distinct 
types  exist,  designated  long-spanned  and 
short-spanned,  and  that  the  long-spanned 
type  manifests  itself  in  the  A  group  among 
the  packers,  and  in  the  B  group  among 
workers  in  the  packet  department  and  dip- 
pers, suggesting  that  a  long  span  is  desir- 
able for  packing  and  a  short  span  for  the 
other  kinds  of  work.  This  conclusion,  how- 
ever, cannot  be  regarded  as  definite  until  it 
is  known  how  far  the  occupation  itself  de- 
velops these  characteristics;  in  packing,  for 
example,  the  fingers  are  constantly  used  in 
an  extended  position ;  in  the  other  classes  of 
work  the  exact  opposite  is  the  case. 

A  more  inten.sive  treatment  of  the  data 
(by  the  method  of  correlation)  led  to  rather 
indefinite  residts,  and  the  conclusion  reached 
is  that  while  the  physical  type  appears  to 
play  a  part — though  a  small  one — in  pro- 
ficiency in  work,  it  is  related  to  the  work  in 
question  and  not  to  any  genera!  character- 
istics making  for  proficiency,  and  that  there 
arc  other  and  more  powerful  factors  con- 
nected with  proficiency  which  cannot  be 
arrived  at  by  physical  mea.surement  and 
which  tend  to  mask  the  influence  nl'  i>hy- 
sical    t.N'jic. 

The  most  recent  paper  on  the  subject  of 
vocational  selection  (IT)  clivals  with  tests 
for  clerical  occupations.  It  is  jnvnctically 
limited  to  a  description  of  the  methods 
iiilopted.  the  full  results  not  .vet  being  ;ivail- 
iible.  The  tests  wei'e  devised  for  application 
to  those  MJio  at   the  time  (if  testing  profess 
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to  have  been  trained  in  their  work  and  who 
appear  as  candidates  for  particular  appoint- 
ments, and  not  for  ascertaining  ^whether 
untrained  beginners  possess  such  capacities 
as  to  make  it  worth  while  submitting  them 
to  the  requisite  period  of  training.  The 
investigation,  therefore,  deals  rather  with 
the  measurement  of  proficiency  than  of 
aptitude. 

The  method  of  procedure  adopted  was  as 
follows : 

1.  A  preliminary  series  of  tests  was  car- 
ried out  on  a  few  e3q)erienced  persons,  such 
as  students  of  psychology  with  practical 
acquaintance  of  clerical  duties.  With  their 
assistance,  unsatisfactory  tests  were  modi- 
fied or  eliminated,  and  the  procedure  was 
mended  and  improved. 

■  2.  Of  the  tests  thus  selected,  the  more 
important  were  applied  to  about  a  hundred 
schoolchildren  aged  13  to  15,  principally 
with  the  ob.ieet  of  grading  the  test  questions 
more  unifonnly  and  of  arranging  them  in 
the  order  of  increasing  difficulty. 

3.  Lastly,  the  tests  so  re-arranged  were 
applied  to  thirty  typists  in  the  office  of  an 
education  authority,  who  were  graded  by  the 
supervision  of  the  department  in  order  of 
merit  from  the  point  of  view  of  clerical  etfi- 
eiency.  The  correlation  between  the  tests 
and  the  independent  order  was  then  deter- 
mined. 

The  tests  themselves  included : 

1.     Four  graded  tests  of  intelligence. 

3.  Two  tests  of  linguistic  ability  and 
tainments. 

3.  Two  tests  of  linguistic  ability  and 
general  information. 


Jr.     Tests    of    typewriting    and    shorthand 
writing. 

(/.  Shorthand      (graded     speed     and 

outline  tests). 
b.  Typewriting  (speed  tests,  tests  of 
accuracy  and  display,  and  man- 
uscript reading). 
The   full  results  of  the  investigation  are 
not  yet  available,  but  the  author  states  that 
the  correlation  coefficients  already  obtained 
are  sufficiently  high  to  warrant  the  immedi- 
ate practical  use  of  the  tests. 
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SYSTEMIC  OCCUPATIOXAL  DISEASES:    OCCURRENCE,   TREATMENT 

AND  PREVENTION 


CTRCULATOKY  SYSTEM 

Potential  Cardiac  Disease  and  Preven- 
tion OF  Organic  Heart  Disease  in  Chil- 
dren. William  St.  Lawrence.  Jour.  Am. 
:\red.  Assn.,  April  1,  1922,  78,  No.  13,  947- 
952. — The  author  summarizes  as  follows: 

"1.  Sixty-five  eases  of  potential  cardiac 
disea.se  in  children  were  continuously  ob- 
served for  an  average  period  of  four  and 
one-half  vears. 


■"2.  Forty-nine  patients  (75  per  cent.) 
remained  free  from  evidence  of  cardiac  dis- 
ease during  that  time. 

"3.  Of  twent.\-tive  patients  witli  acute 
rher.matic  fever  in  the  series,  none  con- 
tracted a  lesion  in  the  heart. 

"4.  Of  nine  patients  with  myositis,  bone 
and  joint  pains  (growing  pains)  and  sore 
throat,  none  contracted  a  lesion  in  the  heart. 

■"5.     Sixteen  patients   (2-'/  per  cent.)   con- 
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traeted  a  cardiac  lesion  while  under  obser- 
vation. 

"6.  In  every  ease  in  which  a  cardiac 
lesion  developed,  the  clinical  picture  was 
dominated  by  chorea  in  a  severe  form.  No 
patient  contracted  a  lesion  in  the  absence  of 
this  manifestation. 

"7.  Of  forty-one  patients  with  chorea  in 
the  series,  sixteen  (39  per  cent.)  contracted 
a  lesion  in  the  heart. 

"8.  Measures  of  value  in  preventing  dis- 
ease of  the  heart  are  of  greatest  benefit  when 
dii-ected  against  acute  rheumatic  fever  and 
myositis,  bone  and  joint  pains  (growing 
pains)  and  sore  throat. 

"9.  Such  measures  have  little  if  any 
value  when  directed  against  chorea. 

"10.  In  untreated  potential  cases,  acute 
rheumatic  fever  is  the  most  important  fac- 
tor concerning  disease  in  the  heart. 

"11.  In  potential  eases  under  manage- 
ment, chorea  is  the  most  important  factor 
concerning  disease  in  the  heart. 

"12.  With  the  exception  of  mitral  sten- 
osis, cardiac  lesions  practically  always  occur 
during  the  active  phase  of  a  rheumatic  mani- 
festation or  a  period  of  pyrexia.  In  the 
absence  of  an  active  phase,  the  physical 
signs  in  the  heart  remain  unchanged. 

"13.  Evidence  of  mitral  stenosis  may 
not  appear  for  a  year  or  more  after  the 
cessation  of  the  rheumatic  manifestations. 
It  is  therefore  impossible  to  state  at  the  eon- 
elusion  of  an  attack  of  acute  rheumatic 
fever  or  chorea  that  the  heart  was  unaffected 
by  these  conditions. 

"14.  Heart  rate  may  have  a  marked 
effect  on  the  physical  signs  of  mitral  stenosis, 
as  shown  by  a  graphic  record."  —  C.  K. 
Drinker. 

IIe.vrt  Disease  in  Industry.  Cadis 
Phipi)s.  Jour.  Am.  Med.  Assn.,  Feb.  25, 
1922,  78,  No.  8,  562-564.— Reviewing  the 
records  of  650  cases  examined  for  the  Mas- 
sachusetts Industrial  Accident  Board, 
Phipps  found  that  in  231  eases  there  was 
an  organic  heart  lesion  or  else  there  were 
symptoms  directly  referable  to  some  func- 
tiojud  disturbance,  such  as  a  marked  ar- 
rhythmia with  premature  contractions. 
These  cases  were  divided  as  follows: 


Number  of 
Condition  Cases 

Mitral   regurgitation 94 

Mitral   stenosis 36 

Aortic    regurgitation 6 

Aortic   stenosis 2 

Aortic  and  mitral  regurgitation 5 

Tricuspid  regurgitation 1 

Acute    myocarditis 1 

Paroxysmal   tachycardia 3 

Auricular  fibrillation 28 

Pulse   alternation 2 

Myocardial    degeneration 8 

Arrhythmia  and  premature  contractions.  39 

Pericarditis  (plastic)   2 

Heart   block    1 

Coronary  sclerosis 3 

The  author  then  comments  on  the  appar- 
ent effects  of  work,  trauma,  fright,  etc., 
upon  this  group  of  workers  who  have  a 
definite  circulatory  handicap,  and  closes 
with  the  following  paragraphs: 

"Summing  up  some  of  the  more  common 
in.jurious  agents,  we  find  that  trauma  is  the 
chief  factor  in  industry  to  affect  the  heart, 
occurring  as  it  does  in  forty-seven  of  the 
231  cases.  Lead,  occurring  in  twenty-five 
cases  of  different  t\-pes,  and  other  metallic 
poisons  in  nine  cases  (arsenic  had  previously 
been  noted  by  Graham  Steele)  suggest  their 
probable  etiology  and  also  more  energetic 
methods  of  prophylaxis.  Fright,  occurring 
in  ten  cases,  is  undoubtedly  an  etiologic  fac- 
tor in  producing  the  arrhythmias.  Caisson 
work  may  easily  be  a  cardiac  menace,  and 
the  customary  examination  of  each  work- 
man before  entrance  into  the  lock  should 
not  be  restricted  to  ear-drums  and  the  upper 
respiratory  passages,  but  should  include  a 
careful  examination  of  the  heart. 

"In  view  of  the  fact  that  most  of  the 
employees  examined  were  supposedly  in- 
capacitated for  some  physical  reason,  it  is 
surprising  to  note  the  large  number  of  eases 
showing  no  cardiac  symptoms.  This  is  par- 
ticularly true  in  regard  to  mitral  regurgita- 
tion, in  Avhicli  sixty-eight  of  the  ninety-four 
patients,  or  72  per  cent.,  complained  of 
nothing  referable  to  the  heart,  while  twelve 
more  had  but  slight  symptoms."  —  C.  K. 
Drinker. 
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POISONOUS  HAZARDS  AND  THEIR  EFFECTS:    GASES, 
CHEMICALS,  ETC. 


Carbon-Monoxide  Poisoning.  Alice  Ham- 
ilton. U.  S.  Bur.  Labor  Statis.,  Indust.  Acci- 
dents and  Hyg.  Ser.,  No.  291,  Dec,  1921, 
pp..  47. — "Industrial  carbon-monoxide  poi- 
soning is  said  to  be  increasing  in  all  civilized 
countries  because  of  the  increasing  use  of 
power  and  producer  gas.  the  increasing  use 
of  motor  engines,  and  the  increasing  depth 
of  mines  with  the  consequent  difficulty  of 
ventilation  and  seriousness  of  accidents. 
British  statistics  show  that  the  average  num- 
ber of  cases  per  year  increased  during  the 
last  quinquennium  from  62.5  to  75  and  the 
mortality  from  12.3  to  17.3  per  cent. 

"Studies  in  European  countries,  espe- 
cially Great  Britain  and  France,  show  that 
industrial  carbon-monoxide  poisoning  when 
not  fatal  is  sometimes  followed  by  serious 
effects,  such  as  pneiunonia,  cardiac  weak- 
ness, mental  disease,  or  paralysis.  Such 
after-effects  are  seen  most  often  in  coal 
miners. 

"Chronic  carbon-monoxide  poisoning  is 
described,  though  not  clearly,  by  the  French, 
English  and  Germans.  It  is  supposed  that 
the  ill  health  complained  of  by  cooks, 
bakers,  laundres.ses,  ironers,  pressers  in  tai- 
lor shops,  painters  working  in  rooms  dried 
by  salamanders,  etc.,  is  caused  by  the  coal 
gas  in  the  air. 

"Inquiries  made  in  the  United  States 
show  that  acute  carbon-monoxide  poisoning 
occurs  in  steel  manufacture,  in  making  il- 
luminating gas,  in  making  coke  (by-prod- 
ucts), in  using  producer  gas  for  industrial 
processes  (especially  in  smelting),  in  coal 
mining,  metal  mining,  zinc  .smelting,  and  in 
garages  when  the  exhaust  gases  from  en- 
gines accumulate. 

"American  statistics  as  to  the  number  of 
cases  and  of  fatalities  are  available  only  to 
a  very  slight  extent.  The  figures  from  one 
of  the  steel  companies  show  a  decidedly 
lower  mortality  (4.8  per  cent,  for  1916  to 
1920)  than  the  British  mortality  from  blast- 
furnace gas  (22.8  per  cent,  for  1914  to  1919). 
The  figures  from  the  American  Gas  Insti- 
tute show  that  among  some  thousand  acci- 
dents during  1919  only  30  were  due  to  gas 
and  none  was  fatal. 


■  ■  Xo  statistics  are  available  for  carbon- 
monoxide  poisoning  in  coal  mines  or  in 
metal  miues,  the  reports  of  the  Bureau  of 
ilines  not  distinguishing  this  cause  of  death 
and  disability  from  others. 

"A  careful  search  in  steel  towns  and  in 
coal  mining  and  metal  mining  towns  failed 
to  confinn  the  statements  made  by  foreign 
authorities  as  to  serious  after-effects  from 
gassing  accidents.  Only  very  rare  instances 
of  such  a  character  were  discovered.  It  is 
not  possible  in  our  present  state  of  knowl- 
edge to  explain  why  experience  in  this 
country  differs  so  much  from  that  of  Eu- 
ropean observers.  A  more  thorough  study 
should  be  made  of  this  aspect  of  industrial 
carbon-monoxide  poisoning. 

'  ■  The  suggestion  is  made  that  some  of  the 
obscure  features  of  poisoning  by  this  gas 
may  be  cleared  up  when  it  is  known  just 
what  other  constituents  besides  carbon  mon- 
oxide are  present  in  a  given  industrial  gas, 
and  just  what  effects  might  be  produced  by 
these  other  gaseous  bodies.  It  is  especially 
suggested  that  small  quantities  of  benzol 
may  be  really  the  active  agent  in  cases  attrib- 
uted to  carbon  monoxide. 

"Chronic  carbon-monoxide  poisoning  may 
be  looked  for  in  industries  in  which  small 
quantities  of  the  gas  are  more  or  less  con- 
tinuously present  in  the  air. 

"Of  55  garage  employees,  mechanics  and 
storage  men,  36,  or  about  two-thirds,  were 
shown  to  have  absorbed  in  their  blood  car- 
bon monoxide  in  demonstrable  quantities. 
Of  the  remaining  19  only  9  had  been  at  work 
inside  the  garage  for  more  than  an  hour 
when  the  test  was  made. 

"Of  47  linotypists  in  newspaper  plants 
where  the  gas  from  the  lead  pots  is  not  car- 
ried off  bj-  an  adequate  suction  apparatus, 
8,  or  over  one-sixth,  showed  the  presence 
of  carbon  monoxide  in  their  blood.  Tlie 
actual  effect  of  such  constant  absorption  of 
small  quantities  of  this  gas  should  be  stud- 
ied  further." — C.   K.   Drinker. 

Gangrkne  from  Illuminating  Gas.  Gar- 
nier  and  Cathala.  Abstracted  as  follows 
from   Bull,    et    mem.    Soe.    ined.    d.    '""ip.    dc 


60 


THE    JOUEXAL    OF    INDUSTRIAL    HYGIENE 


Par.,  Feb.  17,  1922,  46,  No.  6,  304,  in  Joui'. 
Am.  Med.  Assn.,  April  22,  1922,  78,  No.  16, 
1234. — '-Intoxication  with  ilkuainating  gas 
was  responsible  for  the  arteritis  of  the  ter- 
minal arteries  entailing  patches  of  gan- 
grene."" — C.  K.  Drinker. 

The  Growing  Menace  op  Benzene  (Ben- 
zol) Poisoning  in  American  Industry. 
Alice  Hamilton.  Jour.  Am.  Med.  Assn., 
March  4,  1922,  78.  No.  9,  627-630.— The 
author  states  that  prior  to  the  war  benzene 
poisoning  was  a  rarity  in  this  country.  In 
1915-1916.  however,  she  was  able  to  collect 
fourteen  instances  of  sudden  acute  poison- 
ing, with  seven  deaths.  The  men  involved 
were  pipe  fitters  or  workmen  engaged  in  dis- 
tilling benzene  or  cleaning  tanks,  or,  in  two 
instances,  sulphonating  benzene  as  a  step  in 
the  production  of  phenol. 

Benzene  is  apparently  extremely  toxic. 
Lewin  has  described  a  case  in  which  a  ben- 
zene kettle  which  had  been  empty  for 
twenty-two  hours  was  "washed  out  twice 
wdth  steam  and  three  times  with  cold  water, 
and  then  it  was  allowed  to  stand  all  night 
filled  with  cold  water.  As  the  workman 
went  in,  a  strong  current  of  air  was  hlovra 
in  through  a  pipe.  In  spite  of  all  these  pre- 
cautions he  was  overcome  and  fell  to  the 
bottom  of  the  tank.  Several  of  his  fellow 
workmen  tried  to  get  him  out.  but  all  grew 
dizzy  and  confused,  and  had  to  give  it  up. 
Finally,  an  engineer  in  a  diver's  helmet  suc- 
ceeded in  rescuing  him,  and  he  was  revived ; 
but  one  of  the  workmen  who  had  helped  in 
the  rescue  died  within  ten  minutes  of  inhal- 
ing the  fumes." 

Other  eases  illustrating  the  toxic  powers 
of  benzol  are  given  and  it  is  suggested  that 
white  mice  be  placed  in  possible  benzol  at- 
mospheres prior  to  the  entrance  of  work- 
men. 

The  pathology  of  acute  poisoning  is  ap- 
parently not  significant,  consisting  of  a  ten- 
dency to  incoagulability  of  the  blood  and 
petechial  hemorrhages.  Chronic  poisoning 
has  occurred  most  notably  in  rubber  fac- 
tories and  has  as  its  most  important  symp- 
toms aplastic  anemia  with  its  accompanying 
symptoms,  the  mcst  notable  in  this  case 
being  the  tendency  to  bleeding  from  the 
gums    and    petechial    hemorrhages.      Head- 


ache, lassitude,  anorexia,  loss  of  weight,  ab- 
dominal pains,  and  vomiting  also  occur.  The 
pathology  of  chronic  poisoning  is  found  in 
the  effect  of  the  benzol  upon  leukocytes, 
platelets,  and  megacaryocytes,  and  upon  the 
er}'throeji;es.  These  elements  in  blood  and 
bone  marrow  are  affected  in  the  above  order 
but  in  extreme  eases  all  are  markedly 
reduced,  the  bone  marrow  becoming  aplastic. 
In  regard  to  prevention  the  author  calls 
attention  to  Lehmann's  observation  that  two 
to  three  parts  in  100,000  may  cause  loss  of 
consciousness,  and  that  prevention  must 
therefore  rely  on  extremely  efficient  ventila- 
tion,— C.  E,  Drinker, 

OccuPATiON-U.  Purpura.  C.  Flandin  and 
J.  Roberti.  Abstracted  as  follows  from  BuU. 
et  mem.  Soc.  med.  d.  hop.  de  Par.,  Dec.  30, 
1921,  45,  No.  39,  58,  in  Jour.  Am.  Med. 
Assn,,  March  18,  1922,  78,  No,  11,  848,— 
"The  young  woman  had  been  employed  for 
nearly  two  months  in  an  automobile  factory, 
working  M'ith  rubber  dissolved  in  benzol,  in 
what  was  called  the  "heating  room.'  Three 
or  four  men  and  two  women  were  employed 
in  this  unventilated  room ;  they  were  en- 
titled to  leave  it  frequently  to  breathe  purer 
air.  Headache,  dizziness  and  pallor  had 
been  followed  by  hemorrhagic  purpura,  with 
fever,  acute  anemia,  and  death  withia  three 
weeks.  There  had  been  three  previous  cases 
of  purpura  within  six  months  in  the  persons 
employed  in  this  room,  but  only  one  was 
fatal.  Some  recent  research  indicates  that 
commercial  benzene  (benzol)  is  more  toxic 
than  erystallizal)le  benzene,  and  that  this  is 
more  toxic  than  benzene  obtained  from  eal- 
eiiun  benzoate.  Persons  using  benzol  should 
have  their  blood  examined  frequently," — 
C.  K,  Drinker. 

BuioD  Stt'die.s  in  Suspected  Lead  Poisov- 
iNG.  (J.  Seiffert.  Miinchen.  med,  Wchnschr., 
Dec,  9,  1921,  68,  No,  49,  1580-1581.— The 
author  points  out  the  urgent  need  of  using 
blood  examination,  made  easier  by  the  new 
"thick  drop"  method,  in  all  ca.ses  where 
lead  poisoning  may  be  reasonably  suspected. 
Lead  poisoning  is  increasing  in  incidence. 
.Munich  has  a  new  public  laboratory  for  in- 
dustrial hygiene  where  such  examinations 
arc   made   free   for  ;iny    plix'siiMan. 


ABSTRACTS 
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Experimental  Tar  Cancers.  J.  Fibiger 
and  F.  Bung.  Abstracted  from  the  Hospital- 
stidende,  Nov.  30,  1921,  64,  No.  48,  51,  in 
Jour.  Am.  Med.  Assn.,  March  4,  1922,  78, 
No.  9,  696. — "  Fibiger 's  article  is  published 
in  Society  Proceedings,  with  separate  pa- 
ging. He  gives  a  historical  sketch  of  the  can- 
cers that  liave  been  found  in  man  from  irri- 
tation with  soot,  pitch,  etc.,  from  Pott's  first 
description  of  chimney  sweeps'  cancer  in 
1775  to  date,  and  reviews  his  own  work  with 
cancers  induced  in  mice  by  painting  the 
back  with  coal  tar.  He  has  been  more  con- 
stantly successful  in  this  line  than  others 
so  far,  fully  twenty-four  of  his  twenty-six 
mice  developing  carcinoma  (carcinoma-sar- 
coma in  two)  and  the  other  two  developing 
papillomas.  One  carcinoma  was  trans- 
planted through  four  generations  in  four 
months,  with  'takes'  in  from  one  to  six  of 
the  animals  in  each  generation.  In  Fibiger 's 
100  cases  of  spiroptera  cancer  in  the  mouse 
stomach  he  found  only  one  that  had  induced 
metastasis  in  glands.  [A  more  recent  com- 
munication from  Fibiger  reports  metastasis 
in  twenty-two  of  eighty-six  mice  with  tar 
carcinomas  or  sarcomas.  The  metastasis 
was  in  the  axillary  glands  and  lungs  in  most 
of  the  animals  but  occasionally  in  the  heart 
or  glands  elsewhere.  The  young  mice  devel- 
oped the  cancers  as  readily  as  the  older  mice. 
He  adds  that  Seedorff  in  his  institute  at  Co- 
penhagen has  succeeded  in  inducing  an 
actual  adenocarcinoma  in  the  mammary 
gland  of  a  mouse  treated  with  minute 
amounts  of  tar  over  a  long  period:  this  is 
tHie  first  experimental  mammary  adenocarci- 
noma to  be  published.  Fibiger  remarked 
that  these  tar  cancers  nut  the  finishing  stone 
to  Virchow's  theory  of  the  causal  importance 
of  irritation  in  cancer,  but  the  fact  that  can- 
cers do  not  invariably  develop  proves  that 
a  predisposition  is  indispensable.  There 
seems  to  be  also  an  organ  predisposition ;  ho 
has  never  succeeded  in  inducing  a  spiroptera 
cancer  in  the  esophagus  of  the  animals,   in 


his  hundreds  of  attempts.  Only  the  stomach 
develops  these  spiroptera  tumoi's.  He  adds 
that  it  is  dubious  whether  even  aberrant 
embryonal  cells  are  capable  of  developing 
cancer  without  some  extraneous  irritation 
to  start  them  to  malignant  growth.  His 
article  appeared  in  the  Deutsche  medizin- 
isclie  Wochenschrift  of  Dec.  1  and  8,  1921.] 

"He  cites  about  fifteen  research  workers 
who  between  1S89  and  1916  had  been  striv- 
ing to  induce  malignant  tumors  by  repeated 
application  of  pitch,  tar,  anilin,  etc.  All 
were  on  the  right  track,  but  none  kept  up 
the  experiments  long  enough  until  the  Jap- 
anese reported  in  1918  their  success  in  twelve 
of  200  rabbits,  with  glandular  metastasis  in 
three.  Fibiger  and  Bang  have  obtained 
positive  results  in  90  per  cent,  of  the  white 
mice  which  survived  for  at  least  three 
mouths  after  the  first  painting  with  the  tar. 
Tsutsui  has  reported  50  per  cent,  of  'takes,' 
and  Bierich  up  to  60  per  cent.  Rabbits 
seem  to  be  less  siisceptible  than  white  mice. 
The  attempts  to  induce  sarcoma  of  the  liver 
in  rats  with  cysticercus  infection  have  always 
failed  although  sarcoma  of  the  liver  is  com- 
paratively conunon  in  wild  rats  infested 
with  cysticercus.  Only  one  instance  is 
known  in  a  house  mouse." — C.  K.  Drinker. 

Experimental  Production  of  Tar  Car- 
cinoma. B.  Lipschiitz.  Wien.  klin.  Wchn- 
sdir.,  Dec.  22,  1921,  34,  No.  51,  613-614.— 
Painting  of  gray  mice  with  coal  tar  resulted 
in  the  production  of  tar  carcinoma  in  about 
45  per  cent,  of  the  mice.  The  fir.st  distinct 
maci'oscopic  changes  were  observed  in  from 
8S  to  125  days.  Transplantation  of  the 
warty  neoplasm  was  successful  in  two  in- 
stances. There  is  a  marked  increase  in  the 
skin  pigmentation  of  the  animals,  even  in 
those  not  painted  with  tar.  but  having  tissue 
transplants.  A  peculiar  cyst  formation 
occurring  in  one  animal  is  described. — Bar- 
nett  Cohen. 


DUST  HAZARDS  AND  THEIR  EFFECTS 


Drilling  and  Dustiness  op  Metal-Mine 
Air.  D.  Harrington.  U.  S.  Bur.  Mines,  Re- 
ports of  Investigations.  Serial  No.  2339, 
:Mareh.  1922.— "The  dust  studies  to  date  in 


metal  mines  of  the  United  States  liy  the 
U.  S.  Bureau  of  ]Mines  indicate  definitely  that 
wet  drills  as  used  in  drilling  of  all  classes 
of  holes  aid  decidedlv  in  reducing  dustiness 


62 


THE    JOURXAL    OF    INDUSTRIAL    HYGIENE 


of  air  in  drilling  places.  However,  it  lias 
been  found  that  wet  drills  whether  of  the 
Leyner  type  or  stopers.  if  not  operating  sat- 
isfactorily or  if  out  of  repair,  may  throw 
into  the  air  of  working  places  a  mist  or  fog 
laden  with  minute  mineral  particles,  which 
when  breathed  has  the  same  effect  as  dry 
dust  and  is  fully  as  dangerous.  In  addition 
to  danger  Avhen  wet  drills  are  not  efficiently 
used,  if  water  or  compressed  air  and  water 
forced  through  the  drill  is  under  excessive 
pressure,    say   over    100   pounds   per   square 


inch,  there  may  be  clanger  of  escape  of  mist 
or  fog  laden  with  mineral  particles,  hence 
the.se  pressures  should  be  held  below  100 
pounds  per  square  inch  which,  in  general, 
is  the  practice  in  the  United  States. 

"Wet  drills  must  be  kept  in  repair  and 
must  be  operated  with  intelligence;  as  far 
as  proved  by  the  sampling  of  the  U.  S.  Bu- 
reau of  ilines,  the  wet  drills,  even  when 
at  their  worst,  still  give  conditions  much 
more  healthful  than  do  dry  drills." — M.  C. 
Shorley. 


OCCUPATIONAL  INFECTIOUS  DISEASES:    OCCURRENCE, 
TREATMENT  AND   PREVENTION 


.  Facts  on  TL-BERcrL(jsis  ix  Czechoslo- 
vakia. Jaroslav  Hiilka.  Prague.  1922. — 
This  publication  is  a  study  of  tuberculosis 
in  the  Czech  Provinces  and  in  other  coun- 
tries. It  contains  thirty-three  excellent  dia- 
grams and  maps  in  which  the  prevalence 
of  the  disease  is  exhibited.  Interest  attaches 
to  the  fact  that  in  Czechoslovakia,  where  in- 
dustrialism is  a  comparatively  recent  devel- 
opment, the  curve  of  tuberculosis  by  age 
periods  closely  resembles  that  which  pre- 
vailed in  England  in  18.51 ;  it  supports  the 
contention  that  industrial  development  is 
associated  with  an  increase  of  tuberculosis 
which  especiallj'  affects  young  adult  life. 
The  disease  in  the  Czech  Provinces  is  most 
prevalent  where  industrialism  is  most  prev- 
alent. In  the  seventies  Silesia,  which  is  now 
particularly  industrial,  had  the  lowest  mor- 
tality, and  iloravia  the  highest.  Today 
Silesia  stands  highest.  When  the  thirty-two 
cities  of  the  Czech  Provinces  are  arranged 
according  to  tuberculosis  death  rates,  those 
which  are  industrial  stand  at  the  top  of  the 
list. 

The  effect  of  the  world  war  upon  the  dis- 
ease is  shown.  It  caused  a  rise  in  different 
countries  and  towns  which  was  proportional 
to  the  stringency  of  food  supplies.  Tuber- 
culosis is  now  on  the  decline  in  the  Czech 
Provinces,  but  the  incidence  remains  far 
higher  than  that  experienced  in  other  coun- 
tries, such  as  England  and  America.  The 
type  of  the  disease  resembles  that  found 
elsewhere,  both  in  the  way  in  which  it  at- 
tacks males  and  females,  and   in   tliat  about 


83   per   cent,    of   all  tuberculosis   deaths   are 
due  to  pulmonary  tuberculosis. — E.  L.  Collis. 

Chronic  Infectious  Arthritis:  Statisti- 
cal Report,  with  End-Results.  Frank 
Billivgs.  George  H.  Coleman,  and  WilliaTn 
G.  Hibbs.  Jour.  Am.  ]Med.  Assn.,  April  15, 
1922,  78,  No,  15,  1097-1105.— This  paper  is 
an  analysis  of  the  age  of  incidence,  duration, 
occupation,  type  of  joint  involvement,  foci 
of  infection,  bacteriology,  treatment,  and 
end-results  in  411  eases  of  chronic  arthritis 
under  observation  between  1905  and  1921. 
The  conclusions  reached  are  as  follows: 

"This  clinical  investigation  confirms  and 
substantiates  the  present  point  of  view  of 
a  majority  of  clinicians  who  have  had  the 
opportunity  to  make  a  careful  investigation 
of  chronic  deforming  arthritis,  that  it  is 
primarily  an  infectious  disease,  and  that 
the  infectious  micro-organisms  which  are 
the  cause  are  usually  strains  of  nonhemo- 
lytic streptococci  of  relatively  low  virulence, 
or  occasionally  strains  of  nonpyogenic  gono- 
cocoi  or  even  of  other  bacteria  of  mild  path- 
ogenicity. 

"The  cause  of  the  remarkable  transforma- 
tion of  the  fibrous  tissues  which  enter  into 
the  joint  structure  and  also  of  muscle  ten- 
dons, into  bone,  is  an  interesting  subject  for 
future  investigation.  If  the  remarkable  re- 
sidts  of  the  animal  experiments  reported  by 
Oxhausen  can  be  substantiated,  it  may  be 
possible  to  apply  preventive  measures  which 
will  obviate  these  disabling,  irremediable 
spcondarv  morbid  chansros. " — C.  K.  Drinker. 


ABSTRACTS 


The  Role  op  Tbauma  in  Lesions  of 
Syphilis:  With  Particular  Reference  to 
THE  Hereditary  Ty^pe.  1.  Harrison  Tumpeer. 
Jour.  Am.  iled.  Assn.,  Jan.  21,  1922,  78, 
No.  3,  185-187. — The  author  summarizes  as 
follows : 

"1.  Trauma  may  excite  lesions  in  indi- 
viduals with  acquired  syphilis  whose  infec- 
tion is  dormant. 

"2.  Bone  changes,  gummas  of  the  soft 
tissues  and  paretic  brain  changes  are  the 
usual  manifestations. 

"3.  Trauma  may  act  as  the  exciting  cause 
in  the  production  of  lesions  in  individuals 
with  hereditary  sj'philis  whose  infection  is 
dormant  and  even  unsuspected. 

"4.  A  girl  with  hereditary  syphilis,  pos- 
sibly of  the  third  generation,  developed  epi- 
leptiform seizures  and  mental  disturbances 
following  a  head  injury  causing  coma. 

"5.  Her  half  brother,  likewise  infected, 
developed  primary  optic  atrophj-  following 
similar  trauma.  The  healing  of  the  fracture 
produced  bj'  the  same  injury  was  markedly 
retarded." 

In  conclusion  he  states: 

"Trauma  may  incite  the  localization  of  a 
syphilitic  lesion  in  an  individual  with  a 
(luiescont  infection,  acquired  or  hereditary, 
probably  by  producing  a  locus  minoris  re- 
sistantiae." — C.  K.  Drinker. 

Hemorrhagic  IIeningo-Encephalitis  in 
Anthr.-vx:  Report  op  Case.  B.  Shanlfs. 
Abstracted  as  follows  from  Indian  Med.  Ga- 
zette, Nov..  1921,  56,  No.  11,  418,  in  Jour. 
Am.  Med.  Assn.,  Jan.  21.  1922.  78.  No.  3, 
247. — "The  case  described  by  Shanks  illus- 
trates the  characteristic  and  interesting  hem- 
orrhagic lesions  which  occur  in  the  meninges 
and  brain  as  a  result  of  their  infection  with 
the  bacillus  of  anthrax.  In  this  ease  an  an- 
thrax bacteriemia  resulted  from  a  malignant 


pustule  of  the  face,  and  gave  rise  to  secon- 
dary lesions  in  the  brain,  intestines,  and 
parotid." — C.  K.  Drinker. 

Observations  on  an  Extensive  Human 
Infection  by  Sarcoptic  Mange  op  the 
Horse.  B.  A.  S.  Macdonald.  Lancet,  April 
15,  1922,  1,  No.  15,  730.— It  was  found  nec- 
essary to  kill  a  horse  suffering  from  general- 
ized sarcoptic  mange.  The  carcass  was  used 
by  a  class  of  veterinary'  students  for  such 
purposes  as  palpation,  dissection,  operations, 
etc.  The  time  spent  ou  this  work,  by  each 
individual,  varied  from  two  to  four  hours. 

With  the  exception  of  those  students  who 
were  mere  onlookers,  or  were  engaged  on  the 
head  and  neck,  parts  which  had  been  cured 
by  treatment,  all  suffered  from  a  most  pro- 
nounced and  continuous  itching.  The  fore- 
arms, ankles  and  calves  wei'e  affected  by  the 
typical  papular  rash.  Each  papule  was  the 
size  of  a  large  plnhead,  slightly  elevated  and 
of  a  fiery  red  color.  The  hands  sometimes 
escaped  the  eruption  because  thej'  were  fre- 
quently washed  with  carbolic  soap.  Some 
of  the  students  developed  secondary  lesions 
on  the  trunk,  thighs,  shouldei's,  and  upper 
arms. 

The  highly  contagious  nature  of  the  dis- 
ease being  recognized,  treatment  was  under- 
taken on  the  earliest  appearance  of  symp- 
toms. Hot  scrubbing  baths  followed  by  sul- 
phur ointment  applications  rapidly  cured  the 
cases.  Clothing  was  at  once  cast  off  and  dis- 
infected. Where  this  last  precaution  was 
neglected  reinfection  took  place. 

Sarcoptes  scabiei  were  found  on  the  car- 
cass in  abnormally  large  numbers.  It  is  sug- 
gested that  these  mites  migrated  from  the 
dead  and  chilling  equine  to  the  human  hosts 
and  set  up  irritation  in  from  two  to  twenty- 
four  hours. — R.  Prosser  Wliite. 


OCCUPATIONAL    AFFECTIONS    OF  THE  SKIN  AND  SPECIAL  SENSES 


Do  We  Neglect  the  Industrial  Skin 
Sufferer?  B.  Prosser  White.  Jour.  State 
Med..  Feb.,  1922,  30.  No.  2.  47-59.— In  the 
treatment  of  dermatitis  Dr.  White  points  to 
the  importance  of  preserving  intact  the  epi- 
dermis and  the  sebaceous  glands,  which  are 
the  natural  defences  of  the  skin,  while  eradi- 


cating the  causative  bacilli — e.g.,  streptococ- 
ci and  staphylococci.  The  excess  of  oily  se- 
cretion and  increased  pigmentation  in  dark 
colored  races  enable  them  to  withstand  ex- 
cessive moisture  and  heat. 

The  poison  which  is  the  cause  of  so  many 
cases  of  industrial  dermatosis  is  introduced 
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through  the  sudoriparous  pores  and  hair  fol- 
licles. Thus  soot,  arsenic,  fulminate  of  mer- 
cury, fulminate  of  silver,  mercurous  nitrate, 
thorium,  phosphorus,  etc..  and  various  bacilli 
form  the  fojis  et  origo  ynali. 

Four  points  of  supreme  importance  are 
emphasized:  (1)  In  handlinfr  chemicals,  care- 
lessness is  a  common  caiise  of  cutaneous  dis- 
ease. (2)  Great  care  should  be  taken  by 
the  physician  to  distinguish  industrial  der- 
matitis from  ordinary  dermatitis,  as  the  diag- 
nosis is  sometimes  difficult.  (3)  The  physi- 
cian should  seek  for  the  cause  when  cure  is 
delayed;  nature  will  effect  a  cure  if  the 
source  of  irritation  is  removed.  (4)  The 
user  of  any  commodity  sliould  realize  his 
risks  and  responsibilities. 

In  this  useful  but  all  too  brief  contribu- 
tion to  industrial  dermatology.  Dr.  White 
omits  many  interesting  details  which  he  dis- 
cusses at  length  in  his  well-known  work  on 
"Occupational  Affections  nf  the  Skin. "  — 
D.  A.  Coles. 

The  Extr.a,ction  of  Xon-'M.vgxetic  For- 
eign Bodies  from  the  Anterior  Chamber 
OF  THE  Eye.  William  F.  O'RdUy.  Boston 
Med.  and  Surg.  Jour..  March  30.  1922.  186. 
No.  13,  418-419.  —  The  most  common  non- 
magnetic organic  and  inorganic  foreign 
bodies  finding  lodgment  in  the  anterior 
chamber  are :  copper,  glass,  wood,  stone,  pa- 
per, lead,   gunpowder,  brass,  clothing,  bone. 


celluloid,  cement,  lime  and  slate.  A  2-inch 
strand  of  horse  hair  is  looped,  sized,  mould- 
ed and  bent  to  suit  the  individual  case.  The 
usual  low  non-posterior  lip  keratotomy  is 
made  nearest  the  foreign  body.  The  hair 
loop  is  inserted,  passed  over  the  foreign 
body  and  gradually  drawn  out. — Barnett 
Cohen. 

BuTYN-.  A  New  Synthetic  Local  Anes- 
thetic :  Report  Concerning  Clinical  Use. 
Albert  E.  Bulson.  Jr.  Jour.  Am.  Med.  Assn., 
Feb.  4.  1922.  78,  No.  5.  343-345.— "The  re- 
sults of  the  clinical  and  experimental  use  of 
butyn  seem  to  justify  the  committee  in  ar- 
riving at  the  following  conclusions: 

"1.  It  is  more  powerfiil  than  cocain.  a 
smaller  quantity  being  required. 

"2.     It  acts  more  rapidly  than  cocain. 

"3.  Its  action  is  more  prolonged  than 
that  of  cocain. 

"4.  According  to  our  experience  to  date, 
butyn  in  the  quantity  required  is  less  toxic 
than  cocain. 

"5.  It  produces  no  drying  effect  on  tis- 
sues. 

"6.  It  produces  no  change  in  the  size  of 
the  pupil. 

"7.  It  has  no  ischemic  effect  and  there- 
fore causes  no  shrinking  of  tissues. 

"8.  It  can  be  boiled  without  impairing 
its  anesthetic  efficienc.y. " — C.  K.  Drinker. 


OCCURRENCE  AND   PREVENTION  OF  INDUSTRIAL  ACCIDENTS 


Safety  Engineering  as  Applied  to  Oxy- 

ACETYLENE  CfTTING  AND  WeLDING  APPARA- 
TUS. F.  J.  Napolitan.  Safety  Engin.,  Jan., 
1922,  43,  No.  1,  1-12.— This  is  a  very  com- 
plete discussion  of  the  many  phases  of  oxy- 
acetylene  cutting  and  welding  apparatus. 
The  potential  power  of  such  apparatus  re- 
quires that  the  most  carefully  designed  de- 
vices be  applied  to  it  and  made  as  ultimately 
safe  as  possible. — R.  M.  Thomson. 


The  De\'elopment  op  S.afety  in  the  Rub- 
ber Industry.  W.  H.  Larkin,  Jr.  Safety 
Engin..  Feb..  1922.  43,  No.  2,  44-49.— This 
paper  gives  a  review  of  some  of  the  more 
ordinary  things  that  have  been  done  in  re- 
cent years  for  the  cause  of  safety  in  rubber 
mills,  with  a  discussion  of  how  safety  work 
is  carried  on  and  of  the  methods  used  to 
present  ideas  of  safety  to  the  employees. — 
R.  M.  Tliomson. 
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GENERAL 


List  op  Publications  on  Industrial  Hy- 
giene.— The  Industrial  Health  Section  of  the 
International  Labour  Office  intends  shortly 
to  begin  issuing,  at  regular  intervals,  lists 
containing  information  regarding  publica- 
tions dealing  vwith  industrial  hygiene.  The 
International  Labour  Office  therefore  requests 
all  scientists  and  members  of  the  medical  pro- 
fession, who  are  interested  in  social  and  in- 
dustrial medicine,  to  be  good  enough  to  fur- 
nish its  Health  Section  (Industrial  Health 
Section,  International  Labour  Office,  Geneva) 
with  detailed  bibliographical  notes  on  their 
recent  publications  (the  author's  name,  the 
title  of  the  article,  and  the  date  and  number 
of  the  periodical  in  which  it  appeared)  ;  and 
to  forward,  if  possible,  a  reprint  of  such  arti- 
cles.     In    return,    the    International    Labour 


Office  will  be  pleased  to  supply  its  correspond 
cuts  regularly  with  its  bibliographical  lists 
on  industrial  hygiene. 

Vocational  Guidance.  E.  Gauthier.  In- 
ternat.  Labour  Rev.,  May,  1922,  5,  No.  5,  707- 
722. — The  writer,  who  is  Director  of  the  Re- 
gional Employment  Office  of  the  Ministry  of 
Labor  in  Paris,  has  written  a  brief  summary 
of  the  development  of  vocational  guidance 
from  its  beginning  in  the  United  States,  and 
has  traced  its  history  in  England  and  the  chief 
countries  of  the  Continent.  The  need  of  voca- 
tional guidance  is  discussed  at  length.  The 
conclusion  is  reached  that  whether  we  regard 
the  problem  from  the  economic,  national,  or 
social  standpoint,  there  is  great  advantage  in 
the  vocational  selection  of  boys  and  girls  be- 
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fore  they  become  technically  specialized,  in 
order  to  give  to  every  one  of  them  instruction 
from  which  he  can  draw  the  greatest  benefit. 


and  to  which  his  strength,  health,  and  intelli- 
gence are  best  adapted. — G.  E.  Partridge. 


POISONOUS  HAZARDS  AND    THEIR    EFFECTS:    GASES, 
CHEMICALS,  ETC. 


PoisoxixG  BY  Shoe  Dte.  R.  E.  Cloud. 
Jour.  Am.  :Med.  Assn..  Jan.  2S,  1922,  78, 
No.  4,  280. — "Nellie  M.,  aged  3  years,  had 
her  shoes  dyed  at  5  o'clock  in  the  after- 
noon. At  8  the  same  evening,  the  mother 
noticed  some  blueness  of  the  lips,  and  at 
8.30,  when  I  saw  her.  her  appearance  was 
alarming;  the  face  and  hands  were  very 
pale,  and  the  lips  and  finger  nails  markedly 
cyanotic.  The  child  was  irritable  and  be- 
liaved  as  if  tired.  The  pulse  was  134,  heart 
action  regular  but  agitated,  and  there  was  a 
systolic  nuirmur,  heard  all  over  the  pre- 
cordium.  The  temperature  apparently  was 
not  elevated,  and  there  were  no  respiratory 
or  gastro-intestinal  s>-niptoms.  The  eyes, 
mouth  and  throat  were  negative  except  for 
cyanosis  of  the  lips  and  tongue.  During 
examination,  the  odor  from  the  freshly  dyed 
shoes  was  veiy  noticeable.  "With  fresh  air 
and  rest  in  bed  during  the  night,  the  cyano- 
sis gradually  cleared  up,  and  the  next  morn- 
ing the  appearance  and  condition  of  the 
child  showed  nothing  abnormal.  "When 
seen  again  a  week  later  she  was  perfectly 
well,  and  there  had  been  no  reti;rn  of  the 
cyanosis." — C.  K.  Drinker. 

OccuPATioxAL  Poisoning  by  Arsenoben- 
ZENE.S.  Slosse.  Abstracted  as  follows  from 
Bull,  de  I'Acad.  roy.  de  Belgique,  1921, 
Vol.  1,  416-428,  by  il.  Heidelberger  in  Chem. 
Abstr.,  :\rarch  10^  1922,  16,  No.  5.  754-755.— 
"Intoxications  with  varying  manifestations 
and  of  varying  intensity  were  observed 
among  the  physicians  and  attendants  ad- 
ministering As  antisyphilitics.  Tests  were 
made  by  Strzyzowski's  modification  (Ors- 
terr.  chem.  Ztg..  1904,  No.  4)  of  the  Marsh 
test.  Arsenic  was  found  in  the  blood  in  four 
out  of  six  cases,  while  normal  controls 
showed  none..  In  1-g.  samples  of  cleaned 
and  degreased  hair  all  the  sub.iects  showed 
As,  which  can  not  be  detected  in  1  g.  of  hair 
from  normal  persons.     In   nails  0.05-0.3  g. 


was  sufficient  to  give  a  positive  test.  Hip- 
puric  (A)  and  glucuronic  (B)  acids  in  the 
urine  were  higher  than  nonnal.  which  is 
taken  to  indicate  the  presence  of  the  ben- 
zene part  of  the  arsenobenzenes  in  the  organ- 
ism. Tests  with  respired  air  showed  that 
the  substances  were  not  absorbed  in  this 
way,  but  a  nonnal  patient  in  whose  socks 
arsenobenzene  was  placed  showed  a  rapidly 
increasing  amount  of  urinary  A  and  B  and 
gave  a  positive  blood  test,  showing  that  ab- 
sorption took  place  through  the  skin." 

]\La.ng.vnese  a  Neglected  Remedy.  L.  J. 
Bojjd.  Abstracted  as  follows  from  Jour.  Am. 
Inst.  Homeopathy.  1921.  Vol.  14.  409-415,  by 
Joseph  S.  Hepburn  in  Chem.  Abstr.,  March 
10,  1922,  16.  No.  5,  755.— "From  the  pharma- 
cology and  toxicology  of  manganese,  the 
conclusion  is  drawn  that  the  symptoma- 
tology and  possible  pathology  of  chronic 
manganese  poisoning  is  very  closely  similar 
to  paralysis  agitaus.  progressive  lenticular 
degenerations,  and  pseudosclerosis.  A  bibli- 
ography is  appended." 

The  Blood  Chloeii>e.s  in  Mercuric 
Chloride  Nephritis.  J.  A.  Killian.  Ab- 
stracted as  follows  from  Jour.  Lab.  and 
Clin.  Med..  1921,  Vol.  7,  129-133,  by  E.  R. 
Long  in  Chem.  Abstr.,  JMarch  10,  1922,  16, 
No.  5,  748. — "Two  non-fatal  cases  of  HgCL 
poisoning  are  reported.  Both  cases  pre- 
sented evidence  of  severe  N  retention.  As 
the  impairment  of  renal  function  due  to 
kidney  injury  progressed,  a  diminution  of 
concentration  of  the  chlorides  of  whole 
blood  was  noted.  A  return  to  normal  of  the 
functional  capacity  of  the  kidneys  was  ac- 
companied by  an  increase  in  the  blood  chlo- 
rides." 

The  Treatment  of  Acute  Phosphorus 
Poisoning.  H.  V.  Afkinson.  Abstracted  as 
follows  from  Jour.  Lab.  and  Clin.  Med..  Dec. 
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1921,  7,  No.  3,  148-150,  by  E.  R.  Long,  in 
Chem.  Abstr..  March  20.  1922,  16,  No.  6,  965.— 
"Advantage  is  taken  of  the  relatively  high 
solubility  of  phosphorus  in  oils  which  are  not 
absorbed.  Liquid  petrolatum  given  to  a  dog 
one  hoiir  after  administration  per  os  of  the 
fatal  dose  of  phosphoi-iis  furnished  complete 
protection  against  the  poison.  The  petro- 
latum acts  entirely  through  its  physical  prop- 
erties as  a  non-absorbable,  non-irritating  ca- 
thartic. ■ ' 

Contribution  to  the  Study  of  the  So- 
Called  Fatty  Degeneration  op  the  Liver 
IN  Inanition  and  in  Phosphorus  Poisoning. 
/.  SalvioU  and  7.  Sacchetto.  II  Lavoro,  Dec. 
31.  1921.  12,  No.  8,  229-230.— In  a  paper  read 
before  the  Royal  Institute  of  the  Sciences  and 
Arts  of  Veneto,  August  21,  1921,  Salvioli  and 
Sacchetto  reported  the  results  of  their  histo- 
logic and  microchemical  researches  in  this 
field. 

1.  In  the  liver  of  fa.sting  dogs  there  is  a 
gradual  disappearance  of  those  neutral  fats 
which  are  found  in  normal  animals,  and  in 
their  place  is  noted  the  appearance  of  drop- 
lets of  lipoids  in  marked  quantity,  especially 
if  the  fast  is  pushed  to  extremity. 

2.  The  liver  of  normal  guinea-pigs  con- 
tains certain  cells  not  described  by  other 
authors,  a  little  more  voluminous  than  ordi- 
nary liver  cells  and  containing  droplets  of 
lipoids  mingled  with  a  few  droplets  of  neutral 
fats. 

3.  These  cells  with  their  lipoid  content  are 
markedly  increased  in  the  liver  of  fasting 
guinea-pigs  even  after  a  short  period  of  fast- 
ing. 

i.  If  dogs,  after  a  long  period  of  fasting, 
are  poisoned  with  phosphorus,  the  liver  takes 
on  the  character  of  typical  fatty  degeneration 
except  that  in  the  liver  cells,  in  addition  to  the 
neutral  fats,  a  certain  quantity  of  lipoids  is 
also  found. 

5.  In  the  liver  of  non-fasting  dogs  poi- 
soned with  phosphorus  onlj'  neutral  fats  are 
found. 

6.  In  guinea-pigs  poisoned  with  phospho- 
rus, whether  fasting  or  not,  the  liver  p.-esents 
the  characters  of  fatty  degeneration,  but  mi- 
croscopic examination  shows  that  while  all 
the  cells  contain  a  great  quantity  of  neutral 
fats,  there  is  also  an  increase  of  the  iarge 


cells  with  lipoid  content  already  described  in 
the  liver  of  the  normal  guinea-pig. — Alice 
Hamilton. 

The  Action  of  Cy'anamid.  E.  Hesse.  Ab- 
stracted as  follows  from  Ztschr.  f.  d.  ges.  ex- 
per.  Med.,  1921,  25,  p.  321,  in  Med.  Science, 
May,  1922,  6,  No.  2,  164.— "In  connection 
with  cyanamid,  which  has  attained  such  great 
importance  as  an  artificial  fertilizer,  it  has 
been  found  that  persons  working  with  it  are 
attacked  by  fleeting  exanthemata  of  the  head 
and  chest.  There  is  rapid  breathing,  in- 
creased heart  action,  and  low  blood-pressure. 
The  attack  lasts  an  hour  or  two.  The  curious 
feature  of  the  attack  is  that  it  only  comes  on 
when  the  patient  has  consumed  alcohol  in 
some  form. 

' '  It  has  been  thought  that  alcohol  increases 
the  toxic  effect  of  cyanamid,  which  is  by  itself 
considerable.     This,  however,  is  not  the  case. 

"Cyanamid  is  able  to  energize  the  action 
of  a  number  of  substances  such  as  chloral 
hydrate,  sodium  bromide,  theobromin,  etc. 
For  example :  if  a  guinea-pig  be  given  a  small 
amount  of  sodium  bromide  which  is  physio- 
logically inactive,  followed  by  a  small  dose 
of  cyanamid,  there  is  an  immediate  action  as 
if  the  animal  had  been  poisoned  by  a  large 
dose  of  bromide.  In  an  experiment  on  a  man 
a  dose  of  cyanamid  was  taken  in  the  morning, 
and  in  the  evening,  when  the  experiment  had 
been  quite  forgotten,  the  subject  took  •  glass 
of  beer.  The  typical  symptoms  came  en.  the 
attack  lasting  six  hours.  The  practical  re- 
sults are  obvious,  in  that  all  persons  working 
with  this  fertilizer  should  abstain  from  the 
use  of  all  alcoholic  drinks." — M.  C.  Shorley. 

Laws  and  Regulations  Relating  to  Lead 
Poisoning.  Gilbert  Stone.  London.  H.  M. 
Stationery  Office,  1922,  pp.  247.— This  vol- 
ume which  has  been  prepared  for  the  Gov- 
ernors of  the  Imperial  IMineral  Resources 
Bureau  brings  together  under  one  cover  all 
legislation  aimed  at  the  prevention  of  indus- 
trial lead  poisoning.  The  text  of  laws  and 
regulations  at  present  in  force  in  different 
countries  forms  two-thirds  of  the  book. 
This  part  is  prefaced  by  a  general  analysis 
in  which  the  scope  of  the  enactments  and 
the  objective  aimed  at  in  each  case  are 
stated.     The  metal  is  followed  from  mining 
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of  its  ores,  in  wliich,  to  judge  from  the 
scarcity  of  legislation,  there  appears  to  be 
little  risk  of  poisoning;  through  the  smelt- 
ing of  materials  containing  lead,  which  is 
more  or  less  sti-ingently  controlled  in  many 
countries;  to  the  manufacture  of  white  lead, 
which  has  long  been  recognized  to  create  risk 
and  to  need  legal  super%'ision ;  and,  finally, 
to  the  use  of  lead  compounds  in  such  varied 
-occupations  as  the  manufacture  and  use  ot 
paints,  the  pottery  industry,  the  making  of 
electric  accumulators,  the  tinning  of  metal 
articles,  vitreous  enamelling,  heading  of 
yarn  and  file  cutting.  Regulations  control- 
ling the  use  of  bronze  powders  in  printing 
works  are  also  included ;  as  these  powders 
do  not  contain  lead,  however,  the  reason  is 
not   clear. 

Onh-  a  short  chapter  is  devoted  to  legisla- 
tion providing  compensation  for  lead  poison- 
ing and  it  cannot  be  described  as  other  than 
unsatisfactory,  especially  as  the  author  is  a 
barrister:  we  learn  from  it  nothing  as  to 
procedure  and  only  a  little  as  to  effect.  Peru- 
sal of  the  book  indicates  that  of  all  coun- 
tries the  code  for  preventing  lead  poisoning 
is  most  thorough  in  Great  Britain,  although 
■even  here  there  is  a  vacancy  with  regard  to 
the  house  painting  industry:  this  vacancy, 
however,  should  shortly  be  filled  when 
action  is  taken  in  conformity  with  the  inter- 
national agreement  recently  reached  at  Gen- 
eva. On  the  other  hand,  the  United  States 
appears  to  have  established  legislation  only 
in  New  Jersey  and  for  lead  smelting  alone ; 
this  state  of  affairs  is  the  more  surprising 
on  account  of  the  reports  of  Dr.  Alice  Ham- 
ilton upon  the  incidence  of  lead  poisoning 
In  the  United  States. 

The  effect  of  legal  enforcement  of  pre- 
ventive measures  is  illustrated  by  instances 
taken  from  Great  Britain,  where  in  the  white 
lead  industry  an  annual  attack  rate  of  183 
for  the  period  1900-1904  was  reduced  to  one 
of  seventeen  for  the  period  1915-1919:  and 
in  Ihe  pottery  trade,  where  an  annual  attack 
rate  of  357  for  the  period  1896-1900  was  re- 
duced to  one  of  nineteen  for  the  pei-iod  of 
1915-1919.  These  falls  occurred  while  the 
number  exposed  to  risk  was  increasing, 
owing  to  trade  expansion,  and  while  the 
tendency  to  report  mild  cases  was  greatly 
increased,  owing  to  the  Wi)rknien's  ComjM'U- 


satiou  Act  of  1906;  thus,  of  all  eases  re- 
ported between  the  years  1900-1904,  33.2 
per  cent,  were  severe,  and  20.8  per  cent, 
were  moderate,  as  contrasted  with  1S.4  per 
cent,  severe  and  32.2  per  cent,  moderate  be- 
tween the  years  1910-1914.  This  publica- 
tion will  be  found  of  great  value  by  all  in- 
terested in  the  legislative  control  of  indus- 
trial disease. — E.  L.  Gollis. 

Le.\d  Poi.soxing.  with  Special  Reference 
TO  Poisoning  from  Lead  Co.=;jietic.-^.  M. 
Barron  and  H.  C.  Habein.  Abstracted  as 
follows  from  Am.  Jour.  Med.  Sc,  Dec.  1921, 
162,  No.  6,  833,  in  Jour.  Am.  Med.  Assn., 
Feb.  4,  1922,  78,  No.  5,  362.— "In  the  cases 
reported  by  Barron  and  Habein  a  powder 
containing  pure  lead  carbonate,  ground  to 
an  impalpable  powder  used  as  a  face  pow- 
der, was  responsible  for  the  lead  poisoning. 
It  is  urged  that  rigid  laws  be  enacted  pro- 
hibiting the  sale  of  any  compound  contain- 
ing lead  for  cosmetic  purposes." 

Le-vd  Poisoning  in  Making  Batteries. 
F.  Helm,  A.  Agasse-Lafont,  and  A.  Feil. 
Abstracted  as  follows  from  Presse  med., 
Feb.  1.  1922.  30,  No.  9,  92,  in  Jour.  Am  Med. 
Assn.,  March  25,  1922,  78,  No.  12,  927— 
"This  article  is  the  report  of  a  committee 
which  has  been  investigating  lead  poisoning 
among  ninety-six  persons  employed  in  mak- 
ing storage  batteries.  Basophil  granulation 
in  the  erythroe.vtes  and  lead  in  the  urine  are 
the  most  reliable  signs  of  even  incipient  lead 
poisoning." — C.  K.  Drinker. 

Keeping  Sprat  from  Workmen.  Fac- 
tory, Feb.,  1922,  28.  No.  2.  226.— "The  Lib- 
erty Motor  Car  Company  has  recently  in- 
stalled a  system  for  taking  care  of  paint 
spray.  Above  the  painter's  den  is  placed  a 
hood  through  which  the  paint  spray  is 
sucked  b.v  a  motor-driven  fan  on  top.  The 
liainter  wears  goggles  as  he  sprays  the  black 
enaniel  over  the  automobile  fi-ame.  The 
frame  moves  along  the  assemblj'  line  into 
big,  long  ovens  where  the  paint  is  baked  onto 
the  metal." 

An  illustration  is  included  which  gives 
some  idea  of  the  size  of  the  machinery  over- 
head, aud  how  the  suction  can  guard  the 
worlcer's  health. — if.  C.  Shorlev. 
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DUST  HAZARDS  AND  THEIR  EFFECTS 


The  Sugak-Tube  ]\Iethod  of  Determining 
KocK  Dust  in  Aib.  A.  C.  Fieldner,  S.  H. 
Katz,  and  E.  S.  Longfellow.  U.  S.  Bur.  Mines, 
Tech.  Paper  No.  278,  1921.— The  apparatus, 
set-up,  and  procedure  are  dlmost  identical 
with  that  u.sed  bj'  the  same  authors  iu  deter- 
mining the  efficiency  of  the  Palmer  dust 
sampler.  (See  this  Journal,  1920-1921,  2, 
167.)  The  efficiency  of  the  sugar  filters  rec- 
ommended by  the  authors  was  found  to  in- 
crease for  fine  particles  such  as  tobacco  smoke 
when  the  sugar  was  moistened  with  water  or 
dilute  alcohol,  and  when  powdered  instead 
of  granulated  sugar  was  used.  The  general 
technie  in  the  use  of  the  filters  was  that  con- 
ventionally in  use.  Gravimetric  efiiciencies 
were  determined  by  drawing  very  small  quan- 
tities of  fine  silica  dust  from  small  dust  cloud 
producers  which  were  weighed  before  and 
after  the  dust  had  passed  to  the  sugar  filters, 
the  decrease  in  weight  being  caused  by  dust 
entering  the  sugar  filter.    The  dust  collected 


in  the  tubes  was  weighed  in  the  usual  maniiei-, 
blanks  being  run  to  determine  the  water- 
insoluble  matter  in  the  sugar.  Gravimetric 
efficiencies  were  found  to  range  from  70  to 
95  per  cent.  Optical  efficiencies  were  deter- 
mined in  a  Tyndall  meter  hx  matching  streams 
of  known  smoke  content  against  the  eshau.st 
from  the  sugar  tubes,  and  were  found  to  be 
23  to  60  per  cent,  with  the  standard  Bureau 
of  Mines  sugar  tube.  Bj-  using  greater  depths 
of  sugar,  by  using  powdered  instead  of  gran- 
ulated sugar,  and  by  vai-ying  the  diameters 
and  hence  the  filtering  surface,  the  optical 
efficiencies  were  markedly  increased,  ranging 
as  high  as  92  per  cent,  over  fifteen-minute 
periods. 

The  paper  is  replete  with  examples  of  ac- 
complished ingenuity  and  technie  and,  with 
the  authors'  earlier  paper,  forms  an  impor- 
tant contribution  iu  this  field  of  research.- — 
P.  Drinker. 


OCCUPATIONAL    AFFECTIONS    OF  THE  SKIN  AND  SPECIAL  SENSES 


The  Eczema  op  Masons.  Mario  Artom.  II 
Lavoro,  Dec,  1921,  12,  No.  8,  225-229.— One 
of  the  most  common  forms  of  industrial  der- 
matosis is  the  eczema  of  masons,  affecting, 
according  to  Martial,  at  least  one-third  of 
the  individuals  who  work  with  lime  and  cem- 
ent, although  few  of  them  come  under  the 
■eyes  of  the  dermatologist,  since  the  disease  is 
seldom  severe.  A  predisposing  cause  is  the 
humidity  to  which  the  hands  of  masons,  espe- 
cially plasterers,  are  continually  exposed,  and 
the  consequent  maceration  of  the  horny  layer 
■of  the  skin,  also  the  frequent  abrasions  caused 
by  the  nature  of  the  work.  Lime  and  the  al- 
kaline bases  aud  alkaline  earths  in  non- 
hydrated  form  provoke  the  dermatitis.  In 
the  case  of  cement  the  author  believes  that,  in 
addition  to  potash  and  soda,  aluminum  and 
sulphuric  acid  favor  the  formation  of  derma- 
titis. The  seat  of  the  lesions  is  always  on  the 
hands,  especially  between  the  fingers;  the 
palm  is  almost  never  affected,  even  when  the 
eruption  covers  all  the  dorsum.  Next  in  or- 
der come  the  forearm,  the  upper  arm,  the 
axilla,  the  chest  in  those  who  work  with  the 
-chest  exposed,  and,  in  one  case  only,  the  face. 
The  course  may  be  slow  or  rapid,  and,  if  the 


latter,  there  may  be  an  edematous  infiltration. 
Itching  is  usually  very  marked  and  leads  to 
scratching  which  may  result  in  suppuration. 
In  some  cases  there  is  a  formation  of  indu- 
rated pigmented  plaques  having  the  appear- 
ance of  lichenoid  eczema. — Alice  Hamilton. 

Treatment  op  Acne  Artificialis  by  Arti- 
ficial Sunlight.  L.  Wertheim.  Abstracted 
as  follows  from  Dermat.  Wehnschr.,  Sept. 
24,  1921.  73, 1005,  in  Arch.  Dermat.  and  Syph., 
May,  1922,  5,  No.  5,  634. — "Two  cases  of  occu- 
pational dermatitis  (oil  acne)  are  reported  by 
the  author.  Cures  were  effected  by  a  few  in- 
tensive doses  of  ultraviolet  light." 

Traumatic  Dyschromatopsia.  Francesco 
Cioffi.  II  Lavoro,  March  31,  1922,  13,  No.  3, 
65-72. — Cioffi  is  chief  physician  of  the  state 
railways  in  Italy.  He  discusses  the  occur- 
rence of  color-blindness  after  accidents,  as 
reported  by  numerous  writers,  and  describes 
his  own  observations  on  railway  workers. 

Among  8,000  railway  workers  and  appli- 
cants for  such  work  whom  he  examined,  he 
found  about  200  color-blind.  It  is  the  rule 
of  the  railway  administration  to  repeat  such 
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examiaations  after  accidents  involving  in- 
juries to  head  or  to  eyes.  C'ioffi  has  never 
found  any  alteration  of  color  perception  as 
the  result  of  accidents  of  this  kind.  He  dis- 
cusses further  the  ((uestion  of  including  un- 
der the  compensation  law  traumatic  color- 
blindness, the  existence  of  which  he  does  not 
dispute,  since  an  accident  of  this  character 
would  affect  the  earning  powers  not  only  of 
railway  workers  and  sailors  but  of  painters, 
decorators,  dyers,  tile  workers,  and  salesmen 
of  all  sorts  of  goods,  as  well  as  makers  of 
clothing. — Alice  Hamilton. 

IxFLi'ENCE  OP  Fatigue  ox  the  Perception 
OF  Colors.  Eolandi.  Abstracted  as  follows 
from  Giornale  della  R.  Accademia  di  Torino, 
1921.  No.  5-6.  in  II  Lavoro,  Feb.  28.  1922.  13, 
No.  2,  52. — Rolandi  reports  interesting  results 


of  tests  made  at  a  high  altitude — at  the  Mosso 
Institute  on  the  Col  d'Olen — concerning  the 
influence  of  fatigue  on  the  color  perception  of 
seven  individuals.  At  this  height  a  march  of 
four  to  nine  hours  over  the  glaciers  is  fol- 
lowed by  a  loss  of  ability  to  distinguish  colors. 
Rolandi  attributes  this  effect  to  fatigue,  and 
states  that  the  more  extreme  the  exhaustion 
the  greater  is  the  extent  of  colored  surface 
needed  to  permit  of  any  color  perception. 
The  degree  of  loss  varies  with  different  colors, 
tlie  greatest  loss  being  caused  in  the  percep- 
tion of  yellow,  which  has  the  most  ample 
visual  field,  and  losses  of  decreasing  degree 
being  caused  in  the  perception  of  blue,  violet, 
and  red.  The  loss  is  least  in  the  perception 
of  green,  which  of  all  the  colors  has  the  most 
restricted  field. — Alice  Hamilton. 


OCCURRENCE  AND  PREVENTION   OF  INDUSTRIAL  ACCIDENTS 


Lamp  Room  Organization  and  the  Upkeep 
OF  Safety  Lamps.  Rep.  (British)  Miners' 
Lamps  Committee,  Xo.  6. — Early  in  this  re- 
port the  committee  states  that  it  has  clear 
evidence  that  a  poor  light  increases  the  risk 
of  accident  and  disease  and  adversely  affects 
output.  The  committee  lays  great  stress  on 
the  careless  treatment  of  lamps  in  the  col- 
lierj-  lamp  rooms  and  calls  for  substantial 
improvement  in  lamp  room  organization. 
The  lamp  room  .should  be  treated  as  one  of 
the   primary  establishments  of   the  colliery. 

The  recommendations  are  summarized  in 
twenty-six  short  paragraphs,  of  which  the 
most  revolutionary  are:  (a)  the  certification 
of  head  lampmen  after  examination  by  a 
board  of  examiners:  (b)  the  instruction  of 
everj'  person  newly  employed  underground 
by  the  head  lampman  or  chargeman  in  the 
precautions  necessary  for  the  safe  and  effi- 
cient use  of  his  safety  lamp ;  (c)  the  issuing 
of  printed  instructions  relating  to  the  care 
and  use  of  the  particular  type  of  lamp 
which  the  new  employee  is  to  use. 

The  report  has  been  well  received  by  the 
colliery  journals,  and  the  Colliery  Guardian 
states,  "It  is,  indeed,  probably  the  most  com- 
plete and  practical  document  that  has  ema- 
nated from  any  committee  witliin  recent 
years." — T.  L.  Llewellyn. 


Finger  Gu.\rds  on  Presses.  H.  J. 
Scholte.  Zentralbl.  f.  Gewerbehyg.,  1921,  9. 
Xo.  12.  29-1-295.— The  author  reports  on  a 
finger  guard  for  presses,  invented  by  J.  D. 
Filarski.  an  inspector  in  Amsterdam.  The 
ordinary  foot  feeder  is  replaced  by  a  hand 
feeder.  The  left  half  of  the  stamper  is 
guarded  by  a  stiff  perforated  plate,  so  that 
it  is  entirely  inaccessible  to  the  worker's 
left  hand.  The  pieces  to  be  inserted  in  the 
press  are  taken  in  the  left  hand,  passed  to 
the  right,  then  placed  under  the  stamper. 
Then  the  right  hand  presses  down  the  lever, 
and  while  the  stamper  descends,  presses, 
and  goes  up  again,  this  hand  takes  a  new 
piece  which  the  left  hand  has  all  ready  for 
it. 

The  introduction  of  this  device  did  not 
slow  up  production ;  in  fact,  the  men  doing 
jiiecework  made  better  wages  because  they 
could  give  more  attention  to  the  work  when 
they  felt  .safer.  Statistics  from  one  factory 
showed  that  during  the  month  before  its 
introduction  there  were  five  accidents,  but 
that  in  nine  months  after  the  placing  of  the 
guards  there  were  only  four,  in  spite  of 
doubling  the  number  of  machines  and  work- 
ing two  shifts.  Jloreover.  these  accidents 
occurred  in  ])ersnns  who  were  unsuitod  to 
this   kind  of    work. 
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A  very  clear  photograph  accompam'ing 
the  article  shows  how  the  device  is  attached 
to  the  machine. — H.  G.  Noyes. 

Investigating  Dust  Explosions  to  Pre- 
vent THEIR  Recurrence.  D.  J.  Price.  Nat. 
Safety  News,  March,  1922,  5,  No.  3,  14-16.— 
Thirteen  explosions  in  the  United  States  be- 
tween 1913  and  1921  exacted  the  following 
toll :  more  than  150  lives ;  more  than  200 
injuries ;  more  than  $15,000,000.     Twelve  of 


these  explosions  occurred  between  1916  and 
1921.  Many  industries  were  affected — not 
only  grain,  but  the  metal,  chocolate,  and 
sugar  industries. 

Disastrous  explosions  arose  from  the  most 
trivial  causes,  such  as  sparks  from  a  piece  of 
metal,  a  broken  electric  bulb,  static  sparks. 
In  this  article  Mr.  Price  describes  the  work 
done  by  the  Bureau  of  Chemistry  of  the 
United  States  Department  of  Agriculture  to 
help  solve  this  problem. — jM.  C.  Hamblet. 


INDUSTRIAL  SURGERY 


Infection  in  Industrial  Inmuries.  F.  J. 
Cotton.  Hosp.  Management,  Feb.,  1922,  13, 
No.  2,  59-60. — The  w-riter  lays  emphasis  on 
these  factors  as  causes  of  still  prevalent  sep- 
sis in  industrial  injuries:  lack  of  prompt 
attention ;  personal  uncleanliness ;  filthy  sur- 
roundings :  too  earl}-  use  of  injured  mem- 
bers; indifference;  bad  judgment  (one  must 
consider  every  case  of  accidental  wound  as 
already  infected  and  so  treat  it) ;  bad  tech- 
nic  (largely  due  to  indifference  and  poor 
judgment) . 

Technic  should  conform  to  certain  prin- 
ciples :  wide  exposure  of  wound  surfaces ; 
removal  of  devitalized  tissues;  prolonged 
contact  with  the  chosen  mild  antiseptic ;  open 
drainage  or,  at  the  most,  a  loose  suturing 
of  the  surface. 

The  article  contains  a  brief  but  important 
discussion  of  the  use  of  Carrel-Dakin  solu- 
tion. The  recommendation  is  made  that 
hospitals  and  physicians  should  in  some  way 
be  checked  up  in  regard  to  their  results  in 
the  field  of  infection  in  industrial  injuries. — 
G.  E.  Partridge. 

Sprain  and  Subluxation  of  Wrist.  E. 
Destot.  Abstracted  as  follows  from  Lyon 
Chir.,  Sept.-Oct.,  1921,  18,  No.  5,  659,  in 
Jour.  Am.  Med.  Assn.,  Jan.  21,  1922,  78, 
No.  3,  249. — "Destot  refers  to  what  he  calls 
scapho-semilunar  subluxation,  as  well  as 
simple  sprain,  and  tells  how  to  recognize 
and  treat  both.  He  prefers  immobilization 
for  five  or  six  days  with  a  stiff  cardboard 
splint,  leaving  the  fingers  free,  rather  than 
massage  or  rubbing.  Compression  with  cot- 
ton aids  in  resorption  of  exudation.  The 
hand    should    slant    toward    the    ulnar    side, 


and  be  slightly  flexed.  The  subluxation  can 
usually  be  reduced  with  the  thumb,  push- 
ing on  the  foveola  radialis.  With  recurring 
subluxation,  a  laced  leather  cuff  can  be 
worn." — C.  K.  Drinker. 

Stiff  Finger'^.  F.  J.  Cotton  and  E.  J. 
Sawyer.  Abstracted  as  follows  from  Bos- 
ton iMed.  and  Surg.  Jour.,  Feb.  9,  1922,  186. 
No.  6,  183,  in  Jour.  Am.  Med.  Assn.,  March 
4.  1922,  78,  No.  9,  682.— "  Twenty-four  hour 
traction,  by  miniature  winches  or  by  pull 
of  elastic  bands,  traction  exerted  in  the  line 
of  deformity  to  produce  a  distraction  of 
joint  surfaces,  with  very  gradual  change  of 
the  line  of  pull  toward  flexion  or  toward 
extension  as  the  case  demands.  Cotton  and 
Sa^^yer  claim,  will  so  supplement  ordinary 
physiotherapy  methods  or  so  displace  them 
that  stiff  hands  and  fingers  may  possibly 
come  to  be  rare  and  come  to  be  regarded  as 
perhaps  a  reflection  on  the  treatment  of  the 
case  rather  than  as  the  result  of  the  'Act 
of  God'  clause  under  which  surgeons,  per- 
haps, even  like  the  express  companies,  are 
a  little  too  much  inclined  to  explain  their 
losses." — C.  K.  Drinker. 

Mechanics  and  Treatment  op  Fractures 
OF  THE  FoR&ARM.  Paul  B.  Magnuson.  Jour. 
Am.  Med.  Assn.,  March  18,  1922,  78,  No.  11, 
789-794. — This  article  is  a  long  and  careful 
discussion  of  the  anatomical  and  mechanical 
jiroblems  involved  in  treatment  of  fractures 
of  the  forearm.  The  author's  discussion  de- 
pends largely  upon  the  illustrations,  and  the 
interested  reader  is  referred  to  the  original 
paper. — C.  K.  Drinker. 
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Fracture  of  Femur  ix  Adults.  A.  Cliar- 
bonnier.  Abstraeted  as  follows  from  Lyon 
CWr..  Sept.-Oct..  1921.  IS.  No.  5,  625,  m 
Jour.  Am.  Med.  Assn..  Jan.  21.  1922.  78.  Xo. 
3.  249. — "  Charbounier  analyzes  eig-lity-eigbt 
eases  of  fracture  of  tbe  femur  in  Kummer's 
service.  1916  to  1919.  comparing  the  outcome 
with  different  modes  of  treatment.  Xail  ex- 
tension gave  excellent  results  in  84.5  per 
cent,  of  the  cases  in  which  it  was  applied, 
and  no  serious  by-effects  were  observed  in 
any  instance.  The  Steinmaun  nail  extension 
method  may  be  counted  on.  therefore,  he  says, 
to  give  excellent  functional  results,  especially 
with  fracture  of  the  shaft  of  the  femur,  and 
it  materially  shortens  the  stay  in  the  hos- 
pital. The  few  drawbacks  of  the  method  are 
amply  compensated  by  the  fine  results  it  is 
capable  of  gi\ing.  Consolidation  required 
from  twenty-five  to  fifty  days." — C.  K. 
Drinker. 

Studies  ix  Experimextal  Traumatic 
Shock.  IV.  Evidex^ce  of  Toxic  Factor  ix 
Wound  Shock.  IF.  B.  Cannon.  Abstracted 
as  follows  from  Arch.  Surg..  Jan..  1922.  -4, 
Xo.  1,  1,  in  Jour.  Am.  iled.  Assn.,  Jan.  21. 
1922,  78,  Xo.  3,  241.— "Aside  from  the  ex- 
perimental evidence  presented  by  Cannon, 
which  resulted  in  the  building  up  of  a  theory 
of  traumatic  toxemia  as  a  cause  of  shock, 
there  are  also  clinical  observations  which  ex- 
tended over  approximately  the  same  period 
as  the  experimental  studies,  and  which,  quite 
independently,  led  to  the  same  conclusion. 
The  whole  question  of  the  nature  of  shock 
is  discussed  at  length." — C.  K.  Drinker. 

Experimextal     Traumatic     Shock.     Y. 


Critical  Le\"el  ix  Fallixg  Blood  Pre.ssure. 
W.  B.  Cannon  and  McEeen  CafteU.  Abstract- 
ed from  Arch.  Surg.,  March,  1922.  4,  Xo.  2, 
300.  in  Jour.  Am.  Med.  Assn..  April  15,  1922. 
78.  Xo.  15.  1158. — "From  their  experimental 
results  Cannon  and  Cattell  conclude  that  the 
critical  level,  that  is.  the  level  at  which  the 
blood  pressure  is  no  longer  capable  of  main- 
taining an  adequate  volume  flow  to  the  tis- 
sues, and  thus  serving  the  normal  oxidations 
of  the  body,  is  approximately  80  mm.  mer- 
cury. Above  80  mm.  reduction  of  the  al- 
kali reserve  is  not  likely  to  appear ;  but  as 
the  pressure  falls  below  this,  a  reduction 
will  jjrnbably  occur,  which  is  more  marked 
and  develops  the  more  rapidly  the  lower  the 
pressure.  If  there  has  been  a  loss  of  blood, 
the  circulation  becomes  inadequate  before  the 
pressure  falls  to  80  mm.  meremy,  /.  e.,  the 
critical  level  is  raised.  Experiments  al.so 
have  definiteh'  proved  that  witli  an  acute 
lack  of  oxygen  nerve  cells  abruptly  cease  to 
function.  The  experimental  and  clinical  ob- 
servations on  the  effects  of  prolonged  low 
pressure  point  to  the  fact  that  these  sensi- 
tive cells  may  be  gradually  harmed,  if.  in- 
stead of  acute  anemia,  there  is  prolonged 
partial  anemia.  The  authoi-s  emphasize  the 
prime  importance  of  early  treatment  of  the 
low  blood  pressure  of  shock.  Though  the  tis- 
sues may  not  suffer  until  blood  pi'essure  has 
fallen  below  a  critical  level  of  approximately 
SO  mm.  mercury,  it  is  desirable,  when  the 
pressure  has  fallen  below  this  level  and  has 
shown  no  evidence  of  rising,  that  it  be  raised 
to  the  normal  level  of  120  mm.  mercury,  if 
possible,  in  order  to  provide  the  most  favor- 
able conditions  for  repair  of  the  damage 
which  has  been  done." — C.  K.  Drinker. 


INDUSTRIAL   PHYSIOLOGY:    NUTRITION,  METABOLISM, 
FATIGUE,  ETC. 


SiXIsTRALITY     AXD     MuSCI^E     CoORDIXATIOX 

IX  ili'siciANs,  Iron  Worker.s.  axd  Others. 
C.  Quinan.  Abstracted  as  follows  from  Arch. 
Neurol,  and  Psychiat.,  March,  1922,  7.  Xo.  3, 
352.  in  Jour.  Am.  Med.  Assn.,  April  1,  1922, 
78,  Xo.  13.  1002. —  "A  study  was  made  by 
Quinan  of  sixteen  sinistral  patients.  Six  ad- 
mitted an  unaccountable  and  eaiirieious 
tendency  to  'bump  into  things.'     One  is  un- 


able to  'reverse'  in  waltzing.  Of  five  who 
had  studied  instrumental  music,  two  had 
made  fair  progress  up  to  a  certain  point  but 
considered  that  they  had  accomplished  little 
for  the  outlay  of  time  and  money.  Both  are 
hampered  by  a  defective  sense  of  tempo  and 
find  'sight  reading'  an  embarrassment.  Two 
others  abandoned  the  study  of  music  because 
they   were   'unable   to  make   any   headway.' 


ABSTRACTS 


73 


The  remaining  one  is  a  talented  player  but 
states  that  she  still  finds  it  difficult  to  'keep 
in  time."  Of  these  five  musicians,  two  are 
left  handed  and  left  eyed,  one  is  left  hand- 
ed and  right  eyed,  and  two  are  right  handed 
and  left  eyed.  Five  patients  are  free  from 
motor  symptoms.  These  patients  seem  to 
show:  (1)  that  sinistrals  are  especially  prone 
to  various  forms  of  muscle  incoordination. 
Pud  (2)  that  in  some  of  these  persons  both 
the  sense  of  equilibrium  and  the  sense  of 
rhythm  are  defective.  Hoping  further  to 
elucidate  the  subject,  a  study  of  sinistrality 
in  skilled  manual  workers  was  carried  oiit. 
Three  series  of  100  men  each,  classified  as 
(1)  professional  musicians.  (2)  machinists, 
and  (3)  male  inmates  of  a  public  relief  home, 
were  also  examined.  Four  per  cent,  of  the 
machinists  proved  to  be  left  handed  and  an 
additional  4  per  cent,  had  sinistral  pecu- 
liarities. In  striking  S  per  cent,  of  left  hand- 
edness was  found  among  the  musicians  while 
the  lesser  forms  of  sinistrality  mounted  to 
24  per  cent.  It  was  evident  from  this  re- 
search that  left  handedness  and  sinistrality 
usually  are  indicative  of  the  psychopathic 
constitution." — C.  K.  Drinker. 


gitis,  there  was  just  as  marked  an  increase 
in  the  globulin  content  as  in  the  latter  dis- 
ease. However,  the  Pandy  reaction,  if  con- 
servatively interpreted,  will  render  valuable 
service  in  diflferentiating  tuberculous  menin- 
gitis from  clinically  similar  functional  affec- 
tions; partieularh-,  a  negative  reaction  is  of 
importance.  For  the  differential  diagnosis 
as  against  organic  diseases  presenting  a  sim- 
ilar clinical  picture  to  tuberculous  menin- 
gitis, the  value  of  the  phenol  reaction  is  only 
limited,  and,  in  ease  of  a  positive  reaction, 
only  the  continuous  increase  of  the  intensity 
of  the  reaction  is  significant." — C.  K.  Drink- 


DiAGNO^Tic  Value  op  Determining  Yitai, 
Capacity  of  Lungs  of  Children.  Maij  G. 
Wilson  and  Dayton  J.  Edwards.  Jour.  Am. 
Med.  Assn..  April  15,  1922,  78,  No.  15,  1107- 
1110. — The  author  concludes  as  follows: 

"1.  Vital  capacity  measurements  should 
be  recorded  on  routine  physical  examination. 

"2.  The  determination  of  vital  capacity  of 
the  lungs  in  children  is  indicated  as  a  practi- 
cal and  valuable  diagnostic  measure." — O.K. 
Drinker. 


Increase  of  Globulins  in  Spinal  Fluid. 
H.  Boar.  Abstracted  as  follows  from  Wien. 
Min.  Wchnschr..  Dec.  22,  1921.  34.  No.  51. 
614.  in  Jour.  Am.  Med.  Assn.,  April  1,  1922, 
78,  No.  13,  1012. — "Baar  made  examinations 
in  a  number  of  organic  and  functional  af- 
fections of  the  nervous  system  in  childhood 
with  respect  to  the  behavior  of  globulins  in 
the  cerebrospinal  fluid.  He  found  an  in- 
crease of  the  globulin  content  in  many  dif- 
ferent cases.  In  uremic  and  eclamptic  at- 
tacks, and  especially  in  repeated  spasmo- 
philic convulsions,  the  globulin  content  of  the 
cerebrospinal  fluid  attains  the  same  degr^^e 
as  in  tuberculous  meningitis.  In  convulsions 
due  to  disturbances  of  functioning,  the  globu- 
lin content  _  of  the  spinal  fluid  is  gi-eatest 
during  the  convulsive  stage  and  drops  after 
the  convulsions  cease,  whereas  in  the  case  of 
tuberculous  meningitis  the  globulin  content 
increases  from  the  beginning  of  the  irrita- 
tion stage  until  the  fatal  outcome.  In  a 
number  of  organic  affections  of  the  central 
nervous  system  which  are  of  moment  in  the 
<lifferential  diagnosis  of  tuberculous  menin- 


Relation  between  Fatigue  and  Sus- 
ceptibility of  Rats  toward  a  Toxin  and 
AN  Infection.  E.  H.  Oppenheimer  and  7?. 
A.  Spaeth.  Abstracted  as  follows  from  Am. 
Jour.  Hyg.,  Jan.,  1922,  2,  No.  1,  51,  in  Jour. 
Am.  Med.  Assn.,  Feb.  25,  1922.  78.  No.  8, 
611. — "Oppenheimer  and  Spaeth  found  that 
fatigue,  artificially  induced  in  white  and 
hooded  rats  by  forcing  them  to  run  in  motor 
driven  drums,  apparently  tends  slightly  to 
increase  their  resistance  to  subcutaneous  in- 
jections of  tetanus  toxin.  This  occurs  wheth- 
er fatigue  precedes  or  follows  the  injection 
of  the  toxin.  These  results  contradict  the 
popular  belief  that  a  fatigued  individual  is 
more  susceptible  to  disease  (tetanus  toxin 
and  pneumococcus  infection)  than  a  non- 
fatigued   individual." — C.  K.  Drinker. 

Influence  op  Fatigue  on  Certain  Optic 
Phenomena.  E.  H.  Sanders.  Nederl.  Tijd- 
sehr.  V.  Geneesk.,  Oct.  8,  1921,  2,  No.  15, 
1820-1836. — This  article  presents  a  technical 
discussion  of  the  physiology  of  visual  fatigue. 
— N.  C.  Foot. 
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HAZARDS  OF  COMPRESSED  AIR,  DIMINISHED  PRESSURE,  GENERA- 
TION AND  USE  OF  ELECTRICITY,  AND  ELECTRICAL  WELDING 


Electric  Accidexts.  C.  W.  G.  Mieremet. 
Abstracted  as  follows  from  Nederl.  Tijd- 
schr.  V.  Geneesk.,  Nov.  26,  1921,  2,  No.  22, 
2678,  in  Jour.  Am.  Med.  Assn.,  ilareh  18, 
1922,  78.  Xo.  11,  855. — "Mieremet  Tvas  im- 
pressed with  the  similarity  between  the  local 
microscopic  findings  in  burns  from  a  strong 
electric  current  and  burns  from  the  action  of 
fire.  But  the  macroscopic  picture  may  differ 
decidedly:  only  -with  the  electric  injury — 
and  not  always  then — do  we  find  the  hard 
white  patches  resembling  cartilage  or  stear- 
in. These  patches  induced  in  rabbits  were 
cast  off  after  a  few  days,  seventeen  at  most. 
This  occurs  also  after  clinical  electric  acci- 
dents, these  injuries  behaving  differently  in 
this  respect  from  ordinary  burns  and  other 
wounds." — r.  K.  Drinker. 

Low- Voltage  Electrical  Hazards.  S.  E. 
Whiting.  Safety  Engin..  Feb..  1922.  43,  No. 
2,  63-66. — This  article  gives  a  few  cases  of 
fatalities  due  to  low-voltage  circuits,  that  is, 
from  110  to  550  volts.  The  author  empha- 
sizes the  need  of  proper  grounding  of  start- 
ing boxes,  motor  frames,  and  switch  cases. 
In  damp  locations,  or  in  places  where  one's 
body  can  be  well  grounded,  it  is  in  the  in- 
terest of  safety  to  use  reinforced  cord,  wood- 
en handles  and  porcelain  sockets  on  all  ex- 
tension cords. — R.  ^r.  Thomson. 

The  Cause  of  Death  ix  Electrical 
Shock.  Brit.  Med.  Jour.,  March  25.  1922, 
No.  3195,  478-480.  —  This  is  a  report  of  a 
discussion  in  the  electrotherapeutic  section  of 
the  Roval  Societv   of   ^Medicine,   which  was 


contributed  to  by  Dr.  T.  M.  Legge,  ilr. 
Scott  Ram,  ilr.  6.  Levy.  Dr.  B.  Spilsbury, 
and  Prof.  J.  MacWilliam. 

The  majority  of  deaths  due  to  electricity 
occur  in  factories,  but  some,  owing  to  the 
carelessness  shown  in  the  construction  of 
electric  apparatus,  occur  among  the  ordinary 
public.  Many  interesting  facts  were  report- 
ed, including  the  greater  tendency  of  shock 
due  to  low  pressure  alternating  currents  (250 
volts  or  less)  to  be  fatal,  than  that  due  to  cur- 
rents of  higher  voltage. 

Two  views  were  put  forward  as  to  the 
cause  of  death:  one,  that  of  Jellinek.  who 
holds  that  immediately  after  shock  death  is 
apparent  rather  than  real,  owing  to  the 
temporary  paralysis  of  the  respiratory  cen- 
ter, and  that  recovery  depends  upon  artificial 
respiration;  the  other,  that  of  Boruttau, 
who  holds  that  in  the  majority  of  cases 
death  is  real.  In  such  cases  the  result  may 
be  due  to  ventricular  fibrillation  which,  in 
animals  at  any  rate,  may  pass  off  spontane- 
ously and  is  not  assisted  by  artificial  respira- 
tion. The  possibility  of  both  paralysis  of 
respiration  and  ventricular  fibrillation  being 
present  at  once  was  considered  not  unlikely. 
The  curious  fact  was  stated  that  recoveries 
seem  more  frequent  when  the  victim  suf- 
fered from  countershock,  such  as  falling 
from  a  height  after  exposure  to  the  current. 
Definite  agreement  as  to  the  exact  condition 
following  shock  was  not  arrived  at,  but  as 
a  measure  of  first-aid  treatment,  the  practice 
of  applying  artificial  respiration  for  an  hour 
or  more  was  recommended  for  adoption. — E. 
L.  Collis. 


HEAT,  COLD  AND  HUMIDITY 


Va.«ocon'Strictiox  from  W.vr.mth  Stimt- 
l.\tiox.  E.  G.  Martin  and  L.  A.  Jacohy.  Ab- 
stracted as  follows  from  Am.  Jour.  Physiol.. 
Feb.,  1922,  59.  Xo.  1,  394.  in  Jour.  Am."  Med. 
Assn.,  April  1,  1922.  78,  No,  13,  1000,— "In 
nine  out  of  eleven  experiments  made  by  Mar- 
tin and  Jacoby  immersion  of  the  lower  part 
of  the  human  body  in  water  at  about  45°  C. 
was  followed  in  seven  seconds,  on  the  aver- 


age, by  a  drop  in  temperature  of  the  skin 
of  the  small  of  the  back  averaging  slightly 
less  than  0.2°  C.  Accompanying  tliis  drop 
in  temperature  were  well  marked  'gooseflesh- 
ing'  and  sensation  of  chilliness.  Martin  and 
Jacoby  interpret  these  findings  as  evidence 
that  a  large  volume  of  nervous  discharge, 
due  to  stimulation  of  a  great  many  receptors 
for    warmth,    elicits,    typically,    reflex   vaso- 
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constriction.  This  interpretation  is  opposed 
to  the  view  that  vasodilatation  is  the  specific 
reflex  response  to  stimulation  of  the  end 
organs  for  warmth." — C.  K.  Drinker. 

Nephritis  from  Chilling.  F.  Gaisbock. 
Abstracted  as  follows  from  Wien.  Ai'ch.  f. 
inn.  Med.,  Nov.  15,  1921,  3,  No.  1-2,  1,  in 
Jour.  Am.  Med.  Assn.,  April  8,  1922,  78,  No. 
14,  1094. — "Gaisbock  in  experimenting  on 
rabbits  found  that  acute  inflammation  of  the 
kidney  could  be  induced  by  direct  chilling 
of  the  organ.  Chilling  to  9  or  10  C.  inducsd 
nephritis  of  the  glomerular-tubular  type, 
while  with  chilling  to  3  or  4  C.  there  were 
degenerative  changes  as  well  as  inflamma- 
tory. The  changes,  however,  seemed  to  be 
able  to  heal  in  time.  Severing  the  splanchnic 
nerve  or  decapsulation  beforehand  did  not 
seem  to  modify  conditions,  except  that  the 
latter  was  followed  by  proliferation  of  con- 


nective tissue,  a  traumatic  nephritis.  Inocu- 
lation with  streptococci  at  the  time  of  the 
chilling  entailed  an  acute  interstitial  nephri- 
tis with  changes  in  the  glomeruli  and  entire 
]iarenchyma. " — C.  K.  Drinker. 

The  Humidity  and  Insensible  Perspira- 
tion. 0.  Moog.  Abstracted  as  follows  from 
Deutsch.  TVrch.  f.  klin.  Med.,  Jan.  24,  1922, 
138,  No.  3-4,  181,  in  Jour.  Am.  Med.  Assn.. 
April  8,  1922,  78,  No.  14,  1092.— "Moog  was 
surprised  to  find  in  tests  of  five  persons  that 
the  insensible  perspiration  continued  the 
same  regardless  of  the  greater  or  less  hu- 
midity 01  the  air.  This  could  not  occur  if 
the  insensible  perspiration  were  merely  on 
ordinary  evaporation  process.  If  this  were 
the  case,  the  amount  of  water  cast  off  through 
the  skin  would  diminish  with  increasing  hu- 
midity, while  the  reverse  of  this  was  the 
rule  in  his  tests." — C.  K.  Drinker. 


WOMEN  AND  CHILDREN  IN  INDUSTRY 


Iowa  Women  in  Industry.  U.  S.  Dept. 
Labor,  Women's  Bur.,  Bull.  No.  19,  1922, 
pp.  73. — During  October,  November,  and  De- 
cember. 1920,  an  investigation  was  made  of 
223  firms  in  twenty-one  cities,  and  data  were 
gathered  in  regard  to  10,411  women  and  11,- 
718  men  employed  in  manufacturing  plants, 
stores,  restaurants,  hotels,  and  laundries.  The 
laws  of  Iowa  do  not  require  the  keeping  of 
employment  records,  and  it  was  found  that 
of  the  223  firms  (six  not  reporting),  only 
fiftj'-four  kept  employment  records  of  any 
kind. 

There  are  no  laws  regarding  the  number 
of  hours  that  a  wage-earning  woman  may 
work.  It  was  found  that  2.8  per  cent,  of  the 
women  workers  were  working  sixty  hours 
a  week,  and  in  forty-four  cases  there  was  a 
week  of  eighty-four  hours.  Only  1.9  per  cent. 
had  a  day  shorter  than  eight  hours.  Many 
women  worked  overtime. 

A  study  of  the  lunch  periods  in  193  estab- 
lishments (restaurants  not  included),  showed 
that  sixty-seven  had  a  thirty-minute  period, 
and  ninety-nine  a  sixty-minute  period.  Con- 
ditions in  the  restaurant  business  were  espe- 
cially poor,  because  of  excessive  hours  of 
work,  as  a  result  of  which  the  turnover  is 
tremendous.     Many  women  working  in  these 


places  have  home  duties  which  they  must  ful- 
fill in  the  scant  hours  left  them  from  work. 

More  than  one-half  of  the  plants  had  no 
limch  rooms.  Only  seventy-four  had  any 
provision  for  resting,  and  i-egular  rest  peri- 
ods were  provided  for  in  only  a  few  estab- 
lishments. Of  the  223  plants,  thirty-nine 
had  no  cloakrooms,  and  in  125  there  was 
only  cold  water.  Common  towels  were  pro- 
vided in  145  plants.  There  is  a  law  requir- 
ing that  a  sufficient  supply  of  water  suita- 
ble for  drinking  purposes  shall  be  provided. 
The  facilities,  in  reality,  vary  all  the  way 
from  the  most  sanitary  to  no  provision  at 
all.  The  common  drinking  cup  was  found  in 
ninety-two  establishments. 

There  is  no  law  regulating  lighting  in 
Iowa  industries,  but  the  plants  visited  were 
found  on  the  whole  to  use  sufficient  natural 
and  artificial  light.  Iowa  has  no  complete 
code  regulating  working  conditions  for 
women.  In  some  establishments  cleaning  has 
been  systematized,  and  janitor  service  and 
matron  service  were  found  to  be  excellent. 
In  other  establishments,  however,  conditions 
were  poor,  and  in  some  instances  the  work- 
ers were  made  to  act  as  the  janitor  force.  In 
button  factories  it  was  found  that  nine  of 
the  ten  plants  were   cleaned   by  the  women 
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workers,  although  most  of  these  ■n-omen  were 
on  piecework. 

Part  11  of  the  rejiort  deals  with  industrial 
opportunities  and  training.  "Only  five  per 
cent,  of  the  firms  employed  special  people 
to  devote  their  time  to  the  instruction  of  work- 
ers and  beginners."  Among  the  industries 
other  than  mercantile,  one  printing  firm  had 
a  personnel  director,  and  there  were  several 
concerns  having  trade  instructors.  In  8 
per  cent,  of  the  plants  there  were  persons 
whose  principal  duty  was  to  instruct  others, 
although  they  were  hired  as  operators. 

The  report  ends  with  an  account  of  trade 
exten.sion  work  by  the  state.  There  are  three 
maps  and  eight  tables,  and  an  appendix 
containing  additional  talndated  data. — G.  E. 
Partridge. 

The  Ixterx.vtiox.\l  Protection  of  Woir- 
Ex  WoRKER.s.  Studies  and  Reports,  Internal. 
Labour  Office,  Oct.  15,  1921.  Series  1.  No.  i. 
— The  article  contains  a  useful  sketch  of  the 
history  of  protection  of  women  workers  up 
to  the  time  of  the  Third  International  La- 
bour Conference,  which  was  to  be  held  at 
Geneva  in  October,  1921. 

The  program  of  the  Third  Conference,  as 
far  as  women's  employment  is  concerned,  is 
given.  There  were  to  be  considered :  the 
question  of  the  adaptation  to  agriculture  of 
the  decisions  made  at  Washington ;  special 
protective  measures  for  agricultural  laborers 
in  connection  with  technical  education, 
hou.sing  and  sleeping  accommodation,  and 
the  guarantee  of  right  of  association  and 
combination ;  protection  against  accident, 
sickness,  invalidity  and  old  age;  weekly  rest 
days;  the  protection  of  women  before  and 
after 'childbirth:  the  night  work  of  women 
in  agriculture. 

Questionnaires  sent  t<>  the  governments 
have  brought  information  that  indicates  dif- 
ficulty in  applying  maternity  legislation  to 
agriculture  because  of  the  heavy  financial 
burden  involved  in  its  extension.  Of  the  six- 
teen countries  making  replies  up  to  the  time 
of  the  report,  only  two — France  and  Spain — 
declared  unreservedly  in  favor  of  tlie  i)lan. 
A  draft  recommendation  was.  however,  pre- 
pared for  the  Conference. 

With  regard  to  night  work  in  agriculture 
it  was  found  that  it  is  practically  non-exist- 
ent  in  the   case  of  women  workers   in   asrri- 


culture,  and  the  majority  of  the  governments 
have  signified  that  they  are  not  in  favor  of 
applying  to  agriculture  the  Washington  Con- 
vention concerning  night  work. 

Several  governments  have  recognized  tiie 
need  of  providing  adequate  consecutive  hours 
of  rest  for  women  in  agriculture,  so  that 
they  need  not  be  called  upon  to  attend  cattle 
in  the  early  morning  after  doing  housewoi'k 
late  at  night.  A  draft  recommendation  to 
that  effect  was  therefore  prepared,  asking 
for  a  rest  period  of  not  less  than  nine  con- 
secutive hours. 

Most  of  the  draft  conventions  submitted 
to  the  Conference  ought,  in  the  view  of  the 
governing  body  of  the  International  Labour 
Organization,  to  apply  equally  to  women 
and  to  men.  The  principal  importance  of 
the  Conference  lies  iu  the  proposal  to  place 
men  and  women  on  a  footing  of  almost  com- 
plete equality  in  all  protective  measures 
contemplated. — G.   E.   Partridge. 

The  Need  for  Special  Health  Protec- 
Tiox  OF  Employed  Adolescexts.  H.  H. 
MifcheU.  Am.  Jour.  Pub.  Health.  Xoc., 
1921.  11,  No.  11,  973.— At  the  present  time 
we  have  very  little  knowledge  of  the  physi- 
cal effects  of  industiy  upon  adolescents  and, 
although  we  have  reason  to  believe  that  this 
group  needs  special  health  protection,  very 
little  has  been  done.  Xow.  however,  with 
the  development  of  the  compulsory  continu- 
ation school,  there  comes  an  opportunity  to 
inaugurate  a  constructive  health  service  for 
the.se  young  people. 

"It  seems  safe  to  assume  from  our  pres- 
ent knowledge  that  the  age  period  in  which 
from  20  to  75  per  cent,  of  our  children  leave 
school  to  go  to  work  is  characterized  by  such 
tremendous  changes  in  physiolog}-  and  mor- 
phology as  to  make  very  special  demands 
upon  the  vitality  of  the  child."  The  period 
is  a  time  of  crisis  even  under  the  best  of 
conditions,  and  calls  for  protection  from 
strain  and  any  hazards  likely  to  influence 
health    and   normal  physical   development. 

Dr.  Teleky  of  Vienna  concludes  that  the 
sickness  insurance  funds  give  evidence  that 
the  morbidity  of  young  workers  is  extremely 
high  and  that  the  frequency  of  sickness  'S 
greatest,  not  at  the  age  of  14  soon  after 
entrance  into  industry,  but  later.  Von  Pir- 
quet   comments   on   the   marked   rise  in  the 
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tulierculosis  death  rate  occurring  between  13 
and  20  years  of  age  as  due  to  gainful  occu- 
pations,  overwork    and   bad   food. 

Statistics  of  the  United  States  Bureau  of 
Labor  relating  to  conditions  in  Fall  River 
indicate  that  conditions  in  the  cotton  mills 
are  conducive  to  death  from  tuberculosis. 
"The  hazard  of  young  female  operatives 
from  eclampsia  was  very  marked."  The 
general  death  rate  of  "operative  females 
was  tliirt.y-three  per  cent,  higher  than  that 
of  non-operative  females." 

In  the  printing  trades  also  there  is  a 
higher  death  rate  among  the  young  workers 
than  in  the  general  population  of  the  same 
ages.  Hoffman's  figures  for  England  and 
Wales  show  a  death  rate  for  printers  of  3.19 
per  1,000  for  ages  15  to  19  years,  and  2.44 
per  1,000  for  all  occupied  males.  DeVooys 
gives    the    rates    for    tuberculosis    in    Hol- 


land for  the  years  1896-1900,  for  the  ages 
12  to  17  years,  as  118  per  100,000  for  print- 
ers and  54  for  all  occupied  males  at  those 
ages.  For  the  age  group  18  to  22  years,  the 
rate  was  625  per  100,000  for  printers,  and 
239  for  all  occupied  males. 

Hayhurst's  statistics  for  Ohio  lead  to  the 
inference  that  in  the  United  States  there  is 
a  relatively  small  number  of  printers  under 
20  years  of  age,  but  these  should  have  bet- 
ter health  protection  than  at  present. 

The  next  logical  step  shovild  be  to  test  the 
efficiency  of  the  single  examination  as  a 
method  of  health  protection.  The  need  for 
re-examinations  could  be  tested  by  examina- 
tion of  children  in  the  continuation  schools ; 
and  we  could  in  this  way  obtain  evidence  of 
the  relation  of  various  kinds  of  employment 
to  the  health  of  the  young  worker. 


INDUSTRIAL    SANITATION:    FACTORY    CONSTRUCTION,    ILLUMINA- 
TION, VENTILATION,  HEATING,  WATER  SUPPLY,  SEWAGE  DISPOSAL 


Report  of  the  Advisory  Committee  on 
Atmospheric  Pollution  for  the  Ye.^r 
Ending  March  31,  1921.  H.  M.  Stationery 
Office,  1922.— The  extent  to  which  atmos- 
pheric pollution  is  dependent  upon  industri- 
alism is  brought  out.  Thus,  the  deposit 
carried  down  by  rain  amounted  in  metric 
tons  per  square  kilometer  in  industrial 
towns,  for  Rochdale  to  24.9,  for  Birming- 
ham to  21.2,  for  Newcastle-on-Tyne  to  17.4, 
and  for  Liverpool  to  17.2 ;  while  it  amount- 
ed in  more  favorably  situated  localities,  for 
Yictoria  Pai'k  (London)  to  7.9,  for  South- 
port  (Woodvale,  Moss)  to  5.5,  and  for  Rot- 
hampstead  to  4.2.  These  amounts  represent 
deposits  washed  down  by  rain ;  hence  they 
are  greater  in  those  months  of  the  year  when 
the  rainfall  is  heaviest.  In  the  summer 
months  at  Rochdale  with  a  rainfall  of  127 
millimeters  the  deposit  was  33  metric  tons, 
and  in  the  winter  months  with  a  rainfall  of 
76  millimeters  the  deposit  was  16.7. 

From  a  health  point  of  view  the  material 
deposited  is  of  interest  only  because  it  rep- 
resents what  was  previously  suspended  in 
the  atmosphere.  Observations  on  impurity 
suspended  have  been  made  in  London  and 
diagrams   are   given   showing   how  high   this 


rises  on  foggy  days.  An  attempt  is  recorded 
to  ascertain  the  effect  of  suspended  impurity 
upon  health.  But  up  to  the  present  r.o  valu- 
able results  have  been  obtained — probably 
o-^nng  to  the  shortness  of  time  the  records 
of  impurities  have  been  kept. 

An  interesting  reference  is  made  to  a 
method  of  estimating  dust  in  expired  air. 
Here  Dr.  J.  S.  Owens  sees  reason  for  hold- 
ing that  ordinary  atmospheric  dust  does,  in 
fact,  gain  access  to  alveolar  air  and  that 
only  30  per  cent,  of  the  dust  inhaled  is  re- 
moved bv  the  air  passages.  Further  work 
in  this  direction  will  be  followed  with  great 
interest. — E.  L.  Collis. 

Vacuum  Cle^vning  Applied  to  Ixdttstrial 
Plants.  C.  L.  Huhbard.  Factory,  March, 
1922.  28.  No.  3,  285-288.— Vacuum  cleaning 
has  recently  extended  its  usefulness  to  the 
industries,  both  in  special  processes  and  in 
general  cleaning.  This  article  describes, 
with  diagrams,  the  fundamental  construc- 
tion of  vacuum  apparatus  and  different 
types  of  separator  adapted  to  different  uses. 
Estimates  are  given  of  the  number  of  sweep- 
ers required  for  various  extents  of  floor 
space,  and  the  principles,  l)y  which  the  size 
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of  hose  and  pipe  lines  is  governed,  are 
stated.  Suggestions  are  made  in  regard  to 
the  selection  of  tools. — G.  E.  Partridge. 

Washing  Factory  Windows.  T.  S.  Havi- 
land.  Factory,  March,  1922,  28,  No.  3.  302. 
— A  great  amount  of  money  is  spent  annu- 
ally in  the  washing  of  factory  \\-indows, 
since  usually  on  large  buildings  it  is  neces- 
sary to  erect  staging  or  other  temporary 
means.  The  power  plant  of  the  Cleveland 
Water  Works  has  installed  a  permanent 
tram  rail  and  car  sy.stem  for  washina  v.ri- 
dows.  The  rail  and  fixtures  are  of  simple 
design  and  standardized  so  that  any  mechan- 
ic can  lay  out,  order  and  install  a  section 
or  a  complete  system.  There  are  several  ad- 
vantages, chief  among  them  the  entire  elim- 
ination of  the  element  of  danger.  With  the 
use  of  the  system  4,600  windows  are  cleaned 
by  three  men  in  twelve  days,  at  about  one- 
fifth  of  the  ordinary  cost. — 6.  E.  Partridge. 

Industrial  Wastes  in  Relation  to  Wa- 
ter Supplies.  W.  Donaldson.  Am.  Jour. 
Pub.  Health,  May,  1922,  12.  No.  5.  420-121. 
— An  industrial  pollution  which  places  upon 
water  works  an  unusual  burden  or  difficulty 
in  the  way  of  purification  must  assume  the 
aspect  of  a  public  health  problem. 

This   paper   discusses   briefly  some    of   the 


common  problems  due  to  industrial  wastes. 
Petroleum  wastes,  though  presumably  of  no 
direct  hygienic  significance  to  water  con- 
sumers, impart  a  flavor  or  taste  .sufficient  to 
cause  many  people  to  forsake  the  safe  pub- 
lic supply  and  resort  to  bottled  water  of 
doubtful  purity  or  to  local  springs  and  wells 
potentially  or  actually  dangerous.  Produ- 
cing a  similar  effect  may  be  mentioned  harm- 
less algal  infestation,  salt  wastes  from  oil 
well  operation,  and  chlorination  odors  and 
tastes  produced  by  chlorine  in  waters  pol- 
luted with  phenols  from  waste  from  gas 
houses,  by-product  coke  works,  or  producer 
gas  plants. 

Of  more  importance  are  the  industrial 
wastes  which  interfere  with  proper  opera- 
tion of  purification  plants,  either  b.v  impair- 
ing efficiency  or  by  imposing  an  intermit- 
tent or  irregular  load.  In  this  group  are 
mentioned  oily,  fibrous  or  pulpy  matters. 
Wa.stes  acting  as  protective  colloids  making 
difficult  or  uncertain  the  coagulation  with 
aluminum  or  iron,  include  tannery  liquors 
and  dye  wastes. 

Lastly  are  mentioned  soluble  inorganic 
substances,  .such  as  lead,  zinc  and  arsenic, 
which  make  their  presence  known  only 
through  cumulative  effect  on  public  health. 
— H.  F.  Smvtli. 


INDUSTRIAL   MEDICAL   SERVICE:    MEDICAL  DISPENSARIES  AND 
HOSPITALS  IN  INDUSTRIAL  PLANTS 


Better  Work  and  More  Work  pee  Man 
through  Better  Sight.  E.  LeR.  Eycr  and 
W.  B.  Fisher.  Tndust.  Management,  Feb., 
1922,  63,  No.  2.  111-117.— This  is  an  account 
of  a  detailed  examination  of  the  eyes  of  41.t 
employees  of  the  General  Optical  Company. 

Of  830  eyes  examined,  only  120  were 
passed  as  absolutely  normal,  and  more  than 
200  had  defects  of  such  a  degree  as  to  call 
for  immediate  correction.  There  were  found 
127  cases  of  ocular  disease,  of  which  109 
were  internal  and  discernible  only  by  use  of 
the  ojihthalmoscope. 

Of  three  plans  of  conducting  eye  exami- 
nations and  making  corrections,  one  that 
comprises  thorough  examination  u])  to  the 
point   of    recognizing   defects,    the    oniployee 


then  to  be  advised  to  consult  an  optical  spe- 
cialist of  his  own  choice,  is  recommended 
for  industrial  concerns  not  closely  connected 
with  the  optical  industry. 

The  examination  room  should  be  centrally 
located.  The  equipment  will,  of  course, 
vary  according  to  the  size  of  the  plant,  since 
when  the  number  to  be  examined  is  not 
large  the  specialist  engaged  will  be  depend- 
ed upon  to  bring  his  own  instruments.  Pre- 
lim'nary  investigation,  such  as  testing  for 
visual  acuity  and  color  blindness,  taking  ease 
histories,  etc.,  should  be  done  by  the  wel- 
fare or  personnel  department.  The  special- 
ist .should  visit  each  department  before  ex- 
amining the  workers  in  order  to  know  the 
conditions  under  which  the  eyes  are  used. 
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The  value  of  such  examinations  as  are 
proposed  is  great.  As  a  result,  the  comfort 
and  efficiency  of  the  worker  may  be  in- 
creased ;  production  is  improved ;  the  quality 
of  the  work  is  changed  for  the  better;  data 
are  obtained  that  may  be  invaluable  in  acci- 
dent eases.  Costly  processes  of  selection  by 
trial  are  avoided. 

The  suggestion  is  made  that  the  function 
of  stereopsis  should  be  given  more  consider- 
ation in  regard  to  such  employments  as 
those  of  chauffeur,  engineer,  motorman,  and 
machinist,  in  order  to  detect  persons  who 
misjudge  distance,  and  who  for  that  reason 
are  likely  to  cause  accidents. 

Information  about  equipment  for  indus- 
trial examinations  and  advice  as  to  pro- 
cedure and  record,  of  interest  to  the  spe- 
cialist, may  be  found  in  the  article. — G.  E. 
Partridge. 

Defective  Vision  among  Industrial 
"Workers.  Carey  P.  McCord  and  Donald  J. 
Lyie.  Jour.  Am.  Med.  Assn.,  Feb.  25.  1922. 
78,  No.  8,  606-607.— The  authors  examined 
sixty-two  workers  in  a  textile  plant  where 
good  eyesight  was  necessary  to  obtain  the 
best  manufacturing  results.  Eighty  per 
cent,  were  women  and  the  average  age  jf 
the  group  was  39  years.  The  chief  eye  find- 
ings were: 

"1.  Of  the  sixty-twn  persons  examined, 
fifteen  persons  (24  per  cent.)  possessed 
vision  of  20/20  or  better. 

"2.  The  average  vision  (uncorrected) 
for  the  entire  plant's  personnel  (sixty-two) 
was  20/61. 

"3.  The  average  vision  of  all  persons 
(forty-five)  working  without  glasses  was 
20/34. 

"4.  The  average  vision  for  persons  (sev- 
enteen) wearing  glasses  at  work  was  20/36. 

"5.  Eleven  persons  wearing  glasses  only 
for  reading  purposes  at  home  were  engaged 
.  at  close  work  with  an  average  vision  of 
20/55. 

"6.  Twenty-two  per  cent,  of  persons 
working  without  glasses  exhibited  only  1/2 
vision  or  less  in  one  or  both  eyes. 

"7.  Thirty-seven  per  cent,  of  all  workers 
not  wearing  glasses  would  be  distinctly  ben- 
efited through  the  wearing  of  suitable 
glasses. 


"8.  In  those  persons  (seventeen)  already 
wearing  glasses,  only  four  instances  were 
noted  wherein  the  defect  was  fullj'  correct- 
ed. In  33  i^er  cent,  of  instances,  the  vision 
vras  not  at  all  improved  by  the  glasses  that 
had  been  supplied  to  them." 

The  poor  vision  in  these  individuals  is  a 
disadvantage  to  both  employee  and  employ- 
er and,  coupled  wdth  other  experiences  in 
industrial  medicine,  causes  the  authors  to 
make  the   following  recommendations: 

"1.  Illuminometer  measurements  of  the 
light  provided  for  the  several  types  of  work 
in  the  factory- ;  the  provision  and  mainte- 
nance of  that  quantity  of  light  optimal  for 
the  individual  job;  the  elimination  of  glare. 

"2.  The  suitable  testing  of  visual  acuity 
of  applicants  for  work,  and  of  all  employees 
at  yearly  intervals. 

"3.  The  referring  of  all  persons  exhibit- 
ing defects  of  20/30  or  greater  to  reliable 
ophthalmologists  for  corrections. 

"4.  Selected  job  placement  for  all  per- 
sons having  defects  of  20/25  or  greater,  for 
whom  correction  is  not  feasible  or  obtain- 
able. 

"5.  Payments  for  services  of  specialist 
and  optician  to  be  made  by  the  factory  man- 
agement, arrangements  being  made  with  em- 
plo.yee  to  deduct  small  weekly  repayments 
from  earnings.  This  procedure  insures 
prompt  remedying  of  the  defect,  is  usually 
entirely  satisfactory  to  the  employee,  and 
avoids  services  from  incompetent  sources." 
— C.  K.  Drinker. 

Medical  Service  op  Chicago  "L"  Roads. 
n.  E.  Fislier,  Hosp.  Management,  Feb..  1922. 
13,  No.  2,  56. — The  medical  department  of 
the  Chicago  Elevated  Railroad  serves  ap- 
proximately 7,500  employees.  It  began  with 
physical  examination  of  applicants  for  em- 
ployment, but  has  extended  its  activities  to 
include  periodical  examination  of  all  em- 
ployees, and  the  treatment  of  injuries  in- 
curred in  the  course  of  duty.  A  high  stand- 
ard of  physical  health  is  set,  and  all  em- 
ployees (except  general  office  employment  and 
women  ticket  agents)  are  examined  every 
two  years.  The  names  of  those  found  to 
have  defects  are  recorded  on  observation 
cards  and  these  men  are  examined  at  inter- 
vals between  the  regular  examinations. 
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A  sanitary  inspection  is  made  approxi- 
mately every  four  months  under  the  direc- 
tion (If  the  medical  department,  in  order  to 
determine  the  condition  of  all  the  proper- 
ties, and  a  report  is  made  accordingly  to  the 
heads  of  departments. 

A  first-aid  system  with  about  200  stations 
is  maintained,  each  station  being  under  the 
charge  of  an  employee  who  has  received  in- 
struction from  the  medical  department.  This 
first-aid  instruction  is  supplemented  by 
health  talks  through  a  monthly  publication, 
and  there  is  a  first-aid  drill  team. 


Suggestions  are  made  as  to  what  consti- 
tutes an  effective  first-aid  service,  and  the 
article  contains  also  a  list  of  the  contents 
of  the  first-aid  boxes  in  use  on  the  Chicago 
Elevated  Roads. 

The  writer  thinks  that  "with  first-aid 
work  properly  organized  and  maintained, 
the  opinion  of  the  medical  profession  in  the 
past,  that  the  teaching  of  lajinen  to  do  first- 
aid  work  was  of  little  value,  will  be  changed 
and  objections  overcome.'"  In  transporta- 
tion work  first-aid  service  is  indispensable. — 
G.  E.  Partridge. 


IXDUSTRIAL  TXVESTIGATIOXS  AXD  SURVEYS 


A  Useful  Factory  Inspection  Form.  U. 

5.  Pub.  Health  Ser.,  Pub.  Health  Rep.,  Jan. 

6.  1922.  37.  Xo.  1.  10-12.— The  inspection 
form  presented  is  one  that  was  used  in 
some  studies  in  munitions  plants  during  the 
war.  The  form  is  printed  on  a  heavy  card 
8V2  by  11  inches.  The  front  contains  an  out- 
line for  a  report  of  the  conditions  under 
which   the   worker   oijerates:   type    of    build- 


ing, ventilation,  illumination,  general  condi- 
tions, safety  hazards,  fumes  and  gases, 
specific  poisons,  exposure  to  heat  and  cold, 
fatigue,  excessive  noise.  The  back  of  the 
card  has  a  printed  outline  for  a  rough  job 
analysis  in  which  are  to  be  entered  pro- 
cesses, materials,  products,  degree  of  skill 
required,  hazards,  rest  period,  method  of 
payment,  etc. — G.  E.  Partridge. 


IXDUSTRIAL  SERVICE  AXD  MUTUAL  BEXEFIT  ASSOCIATIOXS 


\Velf.\re  Work  in  Bojib.w  Cotton 
Mills.  N.  M.  Josshi.  Jour.  Indian  Indufst- 
and  Labour,  Feb.,  1921. — This  article  is  one 
of  great  interest ;  it  tells  of  the  inauguration 
by  the  Social  Service  League  some  throe 
years  ago  of  welfare  work  in  India,  of  what 
is  being  attempted,  and  of  difficulties  en- 
countered. Eight  years  ago  it  would  have 
applied  in  all  that  it  contains  to  England 
or  America ;  indeed,  it  still  applies  to  much 
of  our  industrial  world.  India  is  only  just 
becoming  industrial,  and.  if  welfare  work 
develops  as  industries  develop,  she  may  es- 
cape from  or  solve  many  difficult  problems. 

Special  difficulties  arc  reported :  the  in- 
sidious money  lender  or  a  head-jobber,  who 
is  in  league  with  professional  money  lend- 
ers, has  to  be  met  by  co-operative  credit  so- 
cieties; the  education  of  half-time  workers 
(and  also  adults)  has  to  be  undertaken  in  a 
country  where  there  is  no  compulsory  edu- 
cation, and  where  reading  rooms  and  libra- 
ries would  otherwise  be  .superfluous;  creches 
are   particularly   needed    for   the   babies    of 


working  mothers.  Alcoholism  is  reported  to 
be  increasing  with  the  spread  of  industrial- 
ism, just  as  it  did  in  England  in  the  eight- 
eenth century,  and  to  call  for  control.  On 
the  other  hand,  the  establishment  of  dis- 
pensaries attended  by  qualified  doctors,  of 
home  ■\'isitation  of  the  sick,  of  an  eye  and 
dental  clinic  for  half-timers,  of  outdoor  rec- 
reation schemes,  of  public  lectures,  and  of 
liostel  accommodation  are  reminiscent  of  oar 
own  activities.  And  so,  indeed,  are  the  very 
phrases  used  by  the  author: 

"Welfare  work  is  popularly  associated 
with  recreation,  dining  halls,  and  such  other 
things  which,  really  sneaking,  form  but  a 
fraction  of  the  work  which  requires  to  be 
done  for  the  benefit  of  workmen  in  an  in- 
dustry. Recreation  and  facilities  in  such 
other  matters  will  help  very  little  to  improve 
the  morale  of  the  workpeople  if  they  are  ill- 
paid,  ill-fed,  and  ill-housed  .  .  .  Sujierficial- 
ly.  cheap  labour  is  very  costly  in  the  long 
run.  and  the  aim  must  be  to  make  work- 
jH'ople  healthier  happier  and  more  iiitelligeni. 
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and  moi-e  self-respecting.  A  reallj-  self-re- 
specting workman  will  always  be  a  safer  per- 
son to  deal  with  than  one  who  is  wanting  in 
this  quality.  Particularly  in  welfare  work 
it  is  necessary  to  preserve  and  promote  self- 
respect,  for  if  that  work  is  carried  on  in  a 
patronizing  spirit  and  is  considered  as  only  a 
sop,  it  is  likely  to  lose  all  its  value,  and  la- 
bour will  righth'  resent  it."  In  truth  the 
spirit  of  welfare  and  health  Avork  is  steadily 
spreading  throughout  the  world. — E.  L.  Col- 
lis. 

"We  Didn't  Have  Space  for  a  Lunch- 
room." /?.  Desing.  Factory,  March,  1922, 
28,  No.  3,  300-302.— This  article  describes  a 
cafeteria  arrangement  by  which  each  depart- 


ment of  a  factory  has  its  own  canteen.  Lack 
of  space  for  a  restaurant  led  to  this  experi- 
ment in  a  plant  employing  5,500  men  and 
women.  Cafeterias  were  established  on 
nearly  every  floor  of  the  factory  buildings, 
supplying  the  noon  meal  to  87  per  cent,  of 
the  employees. 

As  a  study  in  system  this  report  deserves 
careful  consideration  by  anyone  having  a 
similar  problem,  on  account  of  both  the  limi- 
tation of  space  and  the  location  of  the  plants 
remote  from  the  homes  of  the  workers.  The 
main  inducement  in  attempting  the  experi- 
ment in  this  instance  was  the  bad  effect  up- 
on the  workers  of  eating  unsuitable  lunches 
and  the  consequent  loss  of  time  and 
efficiencv  in  work. — G.   B.   Partridge. 


INDUSTRIAL  HEALTH  LEGISLATION:    COURT  DECISIONS; 
WORKMEN'S  COMPENSATION  AND  INSURANCE 


Typhoid  Fever  Held  Compensable  un- 
der Workmen '.s  Compensation  Act.  U.  S. 
Pub.  Health  8er.,  Pub.  Health  Kep..  March 
10,  1922.  37,  No.  10,  538.— "The  Appellate 
Court  of  Indiana  has  decided  that  typhoid 
fever  contracted  by  an  employee  through 
drinking  impure  water  furnished  by  the  em- 
ployer, is  an  'injury'  by  'accident  arising 
out  of  and  in  the  course  of  the  employment,' 
under  the  Workmen's  Compensation  Act, 
and  as  such  is  compensable." — Barnett 
Cohen. 

Employee  Insurance.  Abstracted  from 
Svstem  (British).  Dec,  1921,  in  Factorv, 
March,  1922,  28,  No.  3,  326.— This  is  a  brief 
summary  of  the  status  of  employee  insur- 
ance a.s  now  established  by  various  acts  of 
the  British  Parliament.  The  protection 
granted   to   the   employer   constitutes   an    in- 


demnity. The  onus  of  proof  that  an  acci- 
dent has  happened  devolves  upon  the  claim- 
ant. It  is  unnecessary  to  prove  negligence 
on  the  part  of  the  employer,  and  a  workman 
injured  through  his  own  stupidity  or  care- 
lessness is  entitled  to  compensation,  if  the 
accident  has  arisen  "out  of  and  in  conse- 
quence of  the  employment."  Various  speci- 
fied diseases  come  under  the  category  of  ac- 
cidents. There  is  no  limit  of  period  during 
which  weekly  compensation  is  payable,  but 
after  six  months  the  employer  has  the  right 
to  commute  future  compensation  by  the 
payment  of  an  amount  sufficient  to  purchase 
an  annuity  with  the  po.st  office  e(|uivalent 
to  three-fourths  of  the  compensation  pay- 
able. The  employee's  right  holds  good 
against  the  legal  personal  representative  of 
a  deceased  employer. — G.  E.  Partridge. 


REHABILITATION   OF   DISABLED  EMPLOYEES 


Occupational.  Therapy.  J.  W.  Brannan. 
Am.  Jour.  Pub.  Health,  May,  1922,  12,  No. 
5,  367-376. — This  paper  is  a  brief,  profusely 
illustrated  account  of  occupational  therapy 
as  recently  introduced  into  the  wards  of  Bel- 
levue  Hospital.  This  work  should  be  under 
the  direction  of  the  medical  staff  and  should 


receive  its  enthusiastic  support.  The  needs 
and  capabilities  of  each  individual  patient 
should  be  carefully  studied  and  the  kind 
and  amount  of  work  prescribed  by  the  physi- 
cian. Complete  records  should  be  kept  with 
daily  notes  of  progress.  The  interest  and 
support   of  the  superintendent  are   essential 
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as  well  as  the  sjTnpathy  and  co-operation  of 
nurses  and  social  service  workers.  The  suc- 
cess of  occupational  therapy  is  largely  de- 
pendent upon  the  tact  and  good  judgment  and 
thorough  training  of  the  teachers.  It  is  sug- 
gested that  the  medical  colleges  be  asked  to 
add  to  their  courses  in  therapeutics  "The  Sci- 
ence of  Healing  by  Occupation." 

Among  the  good  results  of  occupational 
therapy  are  the  following :  Patients  who 
have  been  given  some  form  of  interesting 
occupation  are  happier  and  recover  more 
rapidly,  and  are  in  a  better  condition  to  re- 
sume work;  the  period  of  hospitalization  is 
lessened  by  as  much  as  one-third  in  many 
cases;  a  large  number  of  psychopathic  pa- 
tients recover  who  formerly  would  have  been 
committed  to  hospitals  for  the  insane;  occu- 
pational education  has  been  of  great  thera- 
peutic value  to  neurological  ward  patients 
and  has  vastly  improved  their  morale  and, 
therefore,  their  health;  surgical  patients 
have  function  restored  to  stiffened  joints 
and  flabby  muscles;  the  entire  aspect  of 
wards  is  greatly  changed  for  the  better. — 
H.  F.  Smyth. 

Safety.  Abstracted  as  follows  from  Iron 
Age,  April  13,  1922.  in  Factory,  June.  1922. 
28.  No.  6,  688.— "As  a  direct  result  of  the 
world-wide  experiments  in  rehabilitation  of 
men  injured  in  war,  America  has  now  a  hos- 
pital dedicated  solely  to  the  care  of  industrial 
diseases  and  accidents  and  the  restoration  of 
industrial  casualties  to  active  useful  life  again. 
It  is  the  Reconstruction  Hospital,  at  100th 
Street  and  Central  Park  West.  New  York. 
It  now  enters  upon  a  national  career,  pre- 
pared to  offer  a  unique  service  to  all  indus- 
trj-  in  general. 

"It  is  a  new  idea  to  have  a  hospital  where 
men  suffering  from  any  of  the  many  casual- 
ties of  industry  may  receive  the  benefits  of 
•an  intensive  study  of  their  cases  by  surgeons 
specializing  in  all  the  after-care  of  the  patient 
until  he  is  fit  to  earn  a  livelihood. 


"Yet,  in  the  brief  life  of  the  present  hos- 
pital, men  have  been  sent  from  all  over  the 
country-  to  take  advantage  of  its  unusual 
treatment,  and  many  suffering  from  seeming- 
ly incurable  phj-sical  ailments  and  distor- 
tions have  been  returned  to  their  place  in 
useful  industrial  life  again." — M.  C.  Shorley. 

From  the  Accidext  Back  to  the  Job. 
Hilda  B.  Goodman.  Hosp.  Management,  April. 
1922,  13,  No.  Jr,  57. — Because,  during  the  war, 
the  medical  profession  and  the  public  saw 
the  ill  effects  of  having  wounded  soldiers 
lying  in  hosjjitals  and  at  home  without  defi- 
nite work  to  occupj-  their  spare  hours,  sums 
of  money  have  been  spent  on  occupational 
therapy  in  military  hospitals.  The  need  is 
as  great  in  industrial  medicine,  but  in  this 
field  the  work  is  largely  for  the  future.  The 
long  convalescence  of  the  injured  man  favors 
the  development  of  indolence  of  mind,  with 
the  result  that  many  cripples  are  not  ambi- 
tious for  work,  even  when  work  has  been  made 
rossible  by  surgical  skill.  Both  in  tlie  hos- 
pital and  after  going  home,  the  injured  man 
is  not  being  subjected  to  the  proper  influ- 
ences and  is  not  likely  to  be  suitably  occupied. 

The  curative  workshop  becomes  a  need.  On 
the  plan  of  occupational  therapy,  interest  is 
aroused  as  soon  as  possible.  A  man  goes  to 
the  workshop  when  able,  and  his  affiliations 
with  the  shop  are  maintained  after  going 
home.  At  the  workshop  he  receives  massage, 
he  exercises  and  measures  his  progress  there 
on  apparatus,  he  engages  in  some  occupation, 
and  he  receives  a  commission  for  the  sale  of 
the  articles  which  he  has  made.  !Means  of 
recreation,  such  as  books  and  games,  are  pro- 
vided. 

An  ideal  curative  workshop  for  industrial 
workers  should  be  near  manufacturing  dis- 
tricts and  be  provided  with  plenty  of  room 
and  air.  It  should  open  and  close  with  the 
factories.  It  should  have  a  convalescent  ward, 
with  a  doctor  and  nurse  in  attendance. — 
(t.  E.  Partridge. 
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GENERAL 


Factory  In.spection  in  South  Australia 
IN  1920.  Abstracted  from  Report  of  Chief 
Inspect.  Factories  for  Year  Ended  Dee.  31, 
1920,  in  Internat.  Labour  Rev.,  March,  1922, 
5,  No.  3,  514. — The  factory  inspection  office 
of  the  South  Australian  government  admin- 
isters the  Factories  Acts,  the  Early  Closing 
Acts,  the  Apprentices'  Technical  Education 
Act.  the  Lifts  Regulation  Act,  the  Employees' 
Registry  Offices  Act  and  several  others. 

The  forty-eight-hour  week  wa-s  generally  in 
force  in  1920,  but  there  was  a  tendency  to 
change  it  for  a  forty-four-hour  week.  Over- 
time work  was  less  fretiuent  than  in  the  pre- 
ceding year.  Wages  increased  during  the 
year  in  all  the  occupations  regulated  by  wages 
boards. 

The  accident  record  for  the  year  is  re- 
ported, and  there  is  noticed  marked  antipathy 


on  the  part  of  the  workers  to  the  use  of 
guards  for  machinery.  Under  the  Industrial 
Code,  occupiers  of  factories  will  henceforth 
be  responsible  for  .seeing  that  guards  are  fur- 
nished and  kept  in  place. — G.  E.  Partridge. 

Factory  Inspection  in  Norway  in  1920. 
Abstracted  from  official  report,  in  Intei'nat. 
Labour  Rev.,  March,  1922,  5,  No.  3,  509-511.— 
The  administration  of  the  labor  inspection 
laws  in  Norway  is  in  the  control  of  two  bodies : 
the  inspection  department,  and  an  advisory  la- 
bor council — both  parts  of  the  Department  of 
Social  Affairs.  The  Labor  Council  deals  with 
such  matters  as  applications  for  exemption 
from  the  eight-hour  regulations,  and  for  re- 
duction of  hours  in  special  cases. 

Special  regulations  were  issued  during  the 
year  in  regard  to  hygiene  and  sanitation  in 
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cellulose,  explosive,  match  and  electrochemi- 
cal factories,  lithographic  establishments,  and 
metal  grinding.  Accidents  reported  during 
the  year  amounted  to  2.7  per  cent,  of  all  per- 
sons employed. 

The  report  of  the  chief  woman  inspector 
contains  several  illustrations  of  departments 
of  model  factories  and  examples  of  eflfective 
guards  and  working  clothes.  Statistics  are 
given  in  regard  to  the  activities  of  the  in- 
spection department,  etc. — G.  E.  Partridge. 

Rise  of  Factory  L-\bob  in  India.  R.  K. 
Das.  U.  S.  Bur.  Labor  Statis.,  Month.  Labor 
R«v.,  March.  1922,  14,  No.  3.  7-27.— The  rise 
of  modern  industrialism  in  India  has  centered 
about  the  development  of  two  great  indus- 
tries, the  manufacture  of  cotton  and  of  jute. 
Three  classes — the  cultivators  of  land,  the 
village  servants,  and  the  artisans  or  crafts- 
men— have  been  drawn  upon  as  industrial 
workers.  Figures  for  1917-1918  (as  given 
in  "Statistics  of  British  India")  show  a  total 
industrial  operative  force  of  1,238,238,  about 
half  of  which  is  employed  in  the  textile  in- 
dustries (this  number  including  those  engaged 
in  the  transport  industries).  Bombay  is  the 
center  of  the  cotton  industry,  and  Bengal  of 
the  jute  industry. 

At  the  beginning  of  the  Indian  factor}' 
system,  the  time  of  work  extended  from  sun- 
rise to  .sunset.  In  1911  the  hours  of  work 
of  adult  males  were  Limited  to  twelve  in  one 
day,  and  in  February,  1921,  a  resolution  was 
passed  in  the  Indian  legislature  ratifying  the 
draft  convention  of  the  International  Labor 
Conference  held  at  Washington,  D.  C,  in 
1919,  which  reduced  the  working  hours  in 
Indian  factories  to  sixty  hours  a  week  for 
both  men  and  women. 

The  factory  act  of  1911  made  special  pro- 
visions regulating  the  hours  of  child  workers. 
Children  were  required  to  produce  certifi- 
cates of  age  and  physical  fitness  before  they 
could  be  employed,  and  could  be  admitted  to 
full-time  employment  onlj'  at  15  years  of  age. 
Their  working  hours  were  fixed  at  seven,  with 
one-half  hour  of  rest  for  every  six  hours  of 
continuous  work,  but  for  textile  factories  the 
hours  were  limited  to  six  in  any  one  day, 
with  no  provision  for  a  rest  period. 

The  common  time  measure  for  computing 
wages  in  the  factories  was  the  month.  The 
average  monthly  wages  paid   in  a  Bombay 


cotton  mill  in  January,  1919,  varied  according 
to  the  occupation  from  8  rupees  to  75  rupees, 
jobbers  in  the  weaving  department  earning 
the  highest  wages — from  45  to  75  rupees  (the 
rupee  at  par  is  48.66  cents).  Tables  show 
the  movement  of  wages  in  a  variety  of  indus- 
tries from  about  1890  to  1920 ;  in  rare  cases 
the  wages  have  been  trebled,  but  an  increase 
of  from  50  to  100  per  cent,  is  commonly 
shown.  The  cotton  mills,  however,  have  a 
somewhat  lower  rate  of  increase. — G.  E. 
Partridge. 

Basic  Experiments  in  Vocational  Guid- 
ance. C.  S.  Yoakum.  Jour.  Personnel  Re- 
search, May,  1922,  1,  No.  1,  18-34.— This  is  a 
comprehensive  study  of  the  fundamental  ideas 
of  vocational  guidance.  It  is  shown  that  the 
general  problems  are  to  determine  the  nature 
and  content  of  a  position;  to  develop  and 
improve  present  methods  of  job  analysis;  to 
define  the  degree  of  responsibility  involved; 
to  set  forth  opportunities  for  promotion  with 
the  search  for  collateral  opportunities ;  and 
to  state  the  knowledge  required  for  the  work. 
An  important  question  is  that  of  adjusting 
the  wage  according  to  the  degree  of  responsi- 
bility of  a  position. 

The  study  of  human  differences  is  another 
problem  basic  to  vocational  guidance.  Varia- 
tions in  mental  traits  are  wide,  and  one  of 
the  greatest  differences  is  measured  by  the 
intelligence  or  mental  alertness  test.  The 
army  tests  of  94,000  men  indicate  that  there 
are  several  occupational  levels  corresponding 
to  degrees  of  intelligence.  This  gives  valuable 
information  to  be  used  in  advising  individ- 
uals. The  intelligence  test  is  shown  to  be  an 
excellent  measure  of  efficiency  and  success 
in  clerical  occupations,  but  excellence  in 
mechanical  work  may  not,  as  tests  show,  be 
at  all  correlated  with  intelligence  ratings.  A 
combination  of  two  tests  (not  mental  alert- 
ness tests)  enables  one  to  pick  successful 
stenographers  with  almost  100  per  cent,  ac- 
curacy. 

Mental  tests  applied  to  the  whole  personnel 
of  one  company  showed  a  higher  range  of 
ability  among  executives  than  among  clerks, 
indicating  that  even  after  years  of  experi- 
ence the  clerks  could  not  compete  with  higher 
officials.  Thurstone's  tests  have  indicated 
significant  differences  in  mental  characteris- 
tics in  groups  of  students  electing  different 
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studies  leading  toward  different  occupations. 
Other  tests  have  been  worked  out  by  studying 
the  differences  of  these  students,  and  by 
analyzing  and  measuring  ability  in  specific 
occupations,  such  as  that  of  salesman. 

An  effort  has  been  made  to  measure  peo- 
ple's interests,  their  ability  to  meet  other  peo- 
ple, their  temperamental  differences,  their 
aggressiveness,  etc. 

A  third  fundamental  problem  in  vocational 
guidance  is  the  determination  of  the  genet- 
ically continuous  and  discontinuous  traits  of 
an  individual. — G.  B.  Partridge. 

Vocation-Uj  Education  in  the  Pulp  and 
Paper  Industry.  J.  C.  Wright.  Reprinted 
from  Paper  Trade  Jour.,  1921,  pp.  5-71.— The 
writer  has  made  a  detailed  study  of  the  pulp 
and  paper  industr_y  with  reference  to  its  edu- 


cational problems.  He  tiiids  an  industry  in 
which  a  large  number  of  the  workers  are  of 
relatively  low  skill,  and  a  situation  calling, 
in  his  opinion,  for  definite  vocational  training. 
In  oi'ganizing  a  complete  training  program 
in  any  industry  consideration  must  be  given 
to  the  duties  and  responsibilities  of  each  dif- 
ferent group  of  workmen.  The  aim  is,  there- 
fore, to  analyze  the  operations  of  the  indus- 
try, and  to  correlate  types  of  work  with  voca- 
tional training  of  the  right  kind.  There  is 
presented  a  useful  analysis  of  the  jobs  in 
news  print  mills,  groundwood  mills,  sulphite 
mills,  and  book  and  rag  mills.  The  paper 
ends  with  a  brief  outline  of  a  course  of  in- 
struction in  the  pulp  and  paper  industry, 
including  general  matters  of  elementary  edu- 
cation and  scientific  knowledge  involved. — 
G.  E.  Partridge. 


SYSTEMIC  OCCUPATIONAL  DISEASES:    OCCURRENCE, 

AND  PREVENTION 


TREATMENT 


A  Glass  Blower's  Pipe  in  Which  Blow- 
ing WITH  THE  Mouth  Is  Eliminated.  Wil- 
liam Lippold.  Zentralbl.  f.  Gewerbehyg., 
March,  1922,  10,  No.  3,  81-84.— A  producer  of 
glass  for  many  years  describes  how  he  started 
to  devise  apparatus  to  replace  glass  blowing 
by  mouth.  The  successful  apparatus  is  now 
patented  and  in  use.  A  diagram  is  given. 
The  pipe  contains  a  store  of  compressed  air 
which  is  released  by  a  valve  controlled  by 
either  the  operator's  chin  or  finger,  allowing 
the  manipulations  to  be  very  similar  to  that 
of  the  old-fashioned  pipe  This  pipe  facili- 
tates the  blowing  of  window  glass,  plate  glass, 
and  all  sorts  of  bottle  ware.  It  eliminates 
the  dangers  to  glass  blowers  of  damaged 
teeth,  diseased  lungs,  enlarged  heart,  and 
catarrhal  troubles  in  the  respiratory  tract. — 
E.  L.  Sevringhaus. 

CENTRAL  NERVOUS  SYSTEM 

Saturnine  Neuritis.  Ettore  Tedeschi. 
Abstracted  as  follows  from  Riforma  med., 
1922,  No.  3,  in  II  Lavoro,  Feb.  28,  1922,  13, 
No.  2,  55-56. — This  report  deals  with  four 
lead  workers — three  of  them  in  the  printing 
trades,  the  fourth  a  painter — all  suffering 
from  ischialgia,  confined  chieflv  to  one  side. 


Lead  is  considered  to  be  the  cause  in  all  four 
cases,  and  the  author  regards  the  condition 
as  a  neuritis  affecting  especially  the  second 
sacral  nerve.  Aside  from  the  pain,  the  symp- 
toms consisted  in  loss  of  tactile  and  heat  sen- 
sation along  the  side  of  the  leg  and  the  outer 
margin  of  the  foot  of  the  affected  side,  show- 
ing involvement  of  the  tibial  nerve.  Tedeschi 
believes  that  plumbic  neuritis  is  more  often 
localized  in  the  lower  limbs  than  is  usually 
believed.  The  peroneal  nerve  may  be  in- 
volved and  sometimes  the  internal  popliteal. 
As  a  usual  thing  this  neuritis  is  bilateral  but, 
as  in  the  cases  reported,  it  may  be  confined 
to  one  side. — Alice  Hamilton. 

Occupationai-  Dyskinesia  —  Paresthetic 
Type.  C.  Eoullion.  Abstracted  as  follows 
from  Rev.  neurol.,  April,  1921,  28,  p.  318,  in 
Arch.  Neurol,  and  Psychiat.,  May,  1922,  7, 
No.  .5,  656. — "The  author  comments  on  the 
perplexing  problem  presented  by  the  occupa- 
tional spasms,  so-called,  directing  attention 
to  the  importance,  in  this  field,  of  Duehenne's 
work,  according  to  which  such  disorders  are 
classified  as  motor  and  sensoi'y,  including  un- 
der the  former  the  akinetic,  hyperkinetic 
(classical  cramp)  and  ataxic  (tremors,  chorei- 
form   and    ataxic    movements)    types.      The 
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purely  sensory  type,  of  which  HouUion's  ease 
is  an  example,  is  deemed  extremely  i-are,  but, 
on  the  other  hand,  sensory  disorders  of  some 
kind,  such  as  anesthesia,  paresthesia  and  'neu- 
ralgia', are  frequently  encountered  as  com- 
plicating features  in  the  more  essentially 
motor  types. 

"HouUion's  case  was  that  of  a  seamstress, 
56  years  of  age,  with  a  negative  family  and 
personal  history,  except  that  both  the  patient 
and  her  mother  were  described  as  of  a  'ner- 
vous' temperament.  The  present  trouble 
dated  back  three  years  and  manifested  itself 
primarily  as  a  severe  tingling  and  numbness 
in  the  fingers  and  hand  (right),  occurring 
characteristically  in  the  morning,  particu- 
larly after  the  patient  had  sewed  for  a  long 
time  or  had  done  extensive  laundering  the 
preceding  day.  This  trouble  was  usually  first 
noted  about  fifteen  minutes  after  she  com- 
menced to  sew  in  the  morning,  and  beginning 
in  the  finger  tips,  gradually  extended  so  as 
to  include  the  entire  hand,  with  short  periods 
of  intermission,  continuing  until  it  was  no 
longer  possible  to  hold  the  needle.  At  such 
times  the  hand  appeared  ischemic  with  an 
accompanying  sensation  of  frigidity  but  with 
no  associated  spasm  or  rigidity.  On  dropping 
the  needle  and  holding  the  hand  pendent  or 
immersing  it  in  hot  or  cold  water,  the  pares- 
thesia soon  disappeared,  only  to  recur,  how- 
ever, on  the  resumption  of  sewing.  This  sit- 
uation would  repeat  itself  from  six  to  eight 
times,  following  which  the  patient  was  able 
to  sew  for  the  balance  of  the  day  without 
further  discomfort.  Curiously,  no  disturb- 
ance was  found  to  occur  if  the  patient  pre- 
ceded her  morning  sewing  by  a  period  of 
other  work,  and  no  difficulty  was  ever  re- 
ported at  night.  The  course  of  the  disorder 
had  apparently  not  been  progressive  and  had 
been  marked  by  phases  of  complete  remission 
over  periods  —  one  of  them  several  months 
in  duration  —  when  needlework  had  been  dis- 
continued. 

■'Neurologic  examination  was  negative  ex- 
cept for  slightly  increased  sensitivity  of  the 
right  arm  trunks  to  electrical  stimulation. 

"Mention  is  made  categorically  of  the  vari- 
ous hypotheses  which  have  been  advanced  as 
to  etiology,  the  author  seeming  to  favor  that 
of  perverted  vasomotor  habit  or  'neurosis' 
dependent,   presumably,   on   basic   autonomic 


imbalance  or  dysfunction." — M.  C.  Shorley, 
NEUROMUSCULAR  SYSTEM 

Two  Cases  of  Paralysis  of  the  Serratus 
[Magxi'S.  Giovanni  Allcvi.  II  Lavoro.  April 
30,  1922,  13.  No.  4,  105-109.— Paralysis  of  the 
serratus  magnus,  partial  or  complete,  may  be 
caused  by  trauma,  or  may  follow  certain  in- 
fectious diseases,  especially  typhoid  fever,  or 
may  be  involved  in  an  atrophic  paralysis, 
such  as  poliomyelitis.  Certain  occupations 
also  may  be  attended  with  paralysis  of  this 
muscle,  such  as  the  work  of  porters,  black- 
smiths, masons,  rope  makers,  and  soldiers, 
which  involves  pressure  or  stretching  or 
wounding  of  the  long  thoracic  nerve.  There- 
fore prolonged  pressure  of  heavy  weights  on 
the  shoulders,  the  frequent  lifting  of  heavy 
weights,  blows  on  the  shoulder,  wounds,  etc., 
may  be  followed  by  such  a  paralysis.  The 
coui'se  of  the  disease  is  relatively  slow. 

It  is  a  rare  affection.  Among  about  15,000 
cases  of  accident  which  have  come  to  the 
medico-legal  department  of  the  Humanitarian 
Society  of  Milan,  the  following  two  are  the 
only  cases  of  paralj'sis  of  the  serratus  magnus. 
One  was  a  vintner,  IS  years  old,  whose  work 
required  him  to  carry  heavy  weights  on  his 
shoulders  every  day.  The  second,  also  a  young 
man  of  18  years,  was  a  mason's  apprentice 
who  also  had  to  carry  heavy  weights  on  his 
shoulders.  Both  had  a  bilateral  paralysis 
which  was  shown,  when  the  patient  was  at 
rest,  by  the  action  of  the  opposing  muscles, 
the  rhomboids,  elevators  of  the  scapula,  etc., 
which,  in  paralysis  of  the  serratus,  separate 
the  scapula  from  the  thoracic  wall  and  draw 
its  inferior  angle  toward  the  vertebral 
column. 

In  normal  subjects,  raising  of  the  arm 
above  the  head  is  effected  by  the  deltoid,  the 
serratus  magnus,  and  the  trapezius,  but  when 
the  serratus  is  paralyzed  the  arm  cannot  be 
raised  beyond  a  plane  horizontal  with  the 
shoulder.  If,  in  paralysis  of  the  serratus 
magnus.  the  arm  is  lifted  forward,  the  scap- 
ula, rotating  on  its  internal  angle,  separates 
from  the  thoracic  wall  so  that  a  depression 
appears  between  the  two  and  the  scapula 
assumes  a  wing-like  appearance.  Both  pa- 
tients showed  these  signs  clearly. — Alice 
Ilanulton. 
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RESPIRATORY  SYSTEM 

On  So-C/alled  Sati-rnixe  Asthma.  Te- 
deschi.  Abstracted  as  follows  from  Riforma 
med.,  1921,  No.  48,  in  II  Lavoro,  Feb.  28, 1922, 
13,  No.  2,  58-55. — Two  men  presenting  all  the 
signs  of  chronic  lead  poisoning  suffered  from 
attacks  of  bronchial  asthma,  which  in  its 
course  differed  distinctly  from  uremic  asthma 
and  from  that  which  accompanies  uncompen- 
sated cardiorenal  disease.  The  author  at- 
tributes the  a.sthma  etiologically  to  the  occu- 
pational poison  which  was  undoubtedly  pres- 
ent. The  first  case  was  in  a  type-founder  who 
had  suffered  attacks  of  bronchial  asthma  for 


six  years.  In  the  intervals  between  attacks  he 
had  no  positive  signs  in  the  chest  except  harsh 
respiratory  sounds,  but  during  and  after  an 
attack  the  usual  findings  in  bronchial  asthma, 
with  Curschmann  spirals  and  eosinophils  in 
the  sputum  were  present.  These  attacks  were 
alwaj's  more  frequent  when  the  man  went 
back  to  work  after  a  period  of  rest.  When 
he  changed  his  trade  they  diminished  in  fre- 
(|uency  for  about  twenty  months,  and  then 
disappeared.  The  history  of  the  second  case, 
a  ship  painter  who  had  had  attacks  of  typical 
asthma  for  eight  years,  was  much  the  same, 
and  he,  too,  was  relieved  by  change  of  work. 
— Alice  Hamilton. 


POISOXOUS  HAZARDS  AND   THEIR   EFFECTS; 
CHEMICALS,  ETC. 


GASES, 


Industrial  Mercurial  Poisoning.  Luigi 
Devoto.  II  Lavoro,  Jan.  31,  1922,  13,  No.  1, 18- 
20. — The  majority  of  authors  hold  that  indus- 
trial mercurialism  appears  as  a  chronic  pro- 
ce.ss,  never  as  an  acute  process.  A  subacute 
form  is  sometimes  reported,  but  no  definite 
clinical  picture  of  subacute  mercurialism  has 
been  described.  Teleky  says  that  subacute  in- 
dustrial mercurialism  represents  a  mild  or 
abortive  form  in  which  stomatitis  is  never  ab- 
sent and  it  may  be  the  only  symptom.  Others 
mean  by  this  term  a  form  of  mercurialism 
with  unusually  rapid  development,  while  Le- 
tulle  uses  subacute  mercurialism  onlj'  for  that 
form  of  poisoning  which  is  caused  by  the  use 
of  mercurial  remedies. 

Devoto  describes  three  cases  of  industrial 
mercurialism  which  he  saw  recently  in  em- 
plo.yees  of  a  storage  batterj-  factory.  These 
patients  had  the  classical  triad  of  mercurial- 
ism, stomatitis,  tremor,  and  presence  of  mer- 
cury in  the  urine,  but  Devoto  considers  them 
instances  of  subacute  poisoning  because  of 
the  rapid  development  of  the  intoxication  and 
the  rapid  elimination  of  the  poison.  The 
mercury  was  absorbed  in  vapor  form,  which 
may  explain  the  peculiar  course  of  the  intoxi- 
cation. The  rapid  development  of  stomatitis, 
tremor,  and  erethism  made  it  impossible  for 
the  men  to  continue  at  work,  and  protected 
them  from  further  exposures  to  the  poison. 
The  sj'mptoms  had  disappeared  after  a  few 
weeks  and  with  equal  rapidity  mercury  dis- 
appeared from  the  urine.     The  recovery  of 


these  men  was  greatly  assisted  by  absolute 
rest  in  bed,  a  treatment  which  Devoto  highly 
recommends. — Alice  Hamilton. 

The  Effort  to  Rehabilitate  White  Lead. 
L.  Ferrannini.  II  Lavoro,  Jan.  31,  1922,  13, 
No.  1,  24. — In  a  paper  given  before  the  Twen- 
ty-Seventh Congress  of  Internal  Medicine  at 
Naples,  October  25,  1921,  Ferrannini  criti- 
cizes the  efforts  now  being  made  in  Germany 
and  in  England  to  minimize  the  dangers  of 
white  lead  and  to  attribute  the  intoxication 
of  painters  to  turpentine.  He  believes  that 
this  effort  is  not  prompted  b}'  disinterested 
motives  and  that  it  has  no  scientific  basis. 
Clinical  and  pharmacological  evidence  shows 
a  great  difference  between  the  effects  of  lead 
and  of  turpentine,  and  the  greater  industrial 
morbidity  of  painters  as  compared  with  mak- 
ers of  white  lead  is  due  not  to  the  harmful- 
ness  of  turpentine  but  to  the  fact  that  hy- 
gienic measures  can  be  applied  in  white  lead 
factories  which  can  be  carried  out  only  with 
great  difficulty  in  painting. — Alice  Hamilton. 

The  Opinion  of  the  Governments  op  the 
Australian  States  on  the  Use  op  White 
Lead  in  Painting.  Internat.  Labour  Rev., 
May,  1922,  5,  No.  5,  819-829.— An  inquiry  on 
the  use  of  white  lead  in  painting  was  con- 
ducted by  the  Board  of  Trade  of  New  South 
Wales  and  answers  were  submitted  to  the 
International  Labour  Office  by  the  other  Aus- 
tralian states. 


THE   JOURNAL    OF    INDUSTRIAL    HYGIENE 


It  was  found  that  while  the  average  age  at 
death  of  all  occupied  breadwiuners  was  57.8, 
that  of  painters  was  53.5.  During  the  period 
1909-1915  the  index  of  mortality  for  painters 
was  found  to  be  12.9,  while  that  for  all  occu- 
pations was  12.0.  Excess  of  death  among 
painters  from  cei-tain  diseases — Bright 's  dis- 
ease, tuberculosis,  lead  poisoning — was  re- 
ported, and  insanity  from  lead  poisoning  was 
said  to  be  more  frequent  among  painters. 
"The  Board  is  of  the  opinion  that  the  evi- 
dence from  administrative  and  trade  experi- 
ence is  conflicting  and  unsatisfactory,  but 
tends,  nevertheless,  to  support  the  conclusions 
drawn  from  statistics." 

Memoranda  were  submitted  by  the  Com- 
monwealth of  Australia  and  by  Western  Aus- 
tralia. South  Australia,  Queensland  and  Tas- 
mania. A  total  of  123  deaths  from  lead 
poisoning  occurred  in  the  commonwealth  dur- 
ing the  period  from  1908  to  1918.  The  report 
from  Western  Australia  emphasized  several 
points,  such  as  the  importance  of  other  .sub- 
stances than  white  lead  in  causing  sickness 
among  painters,  the  avenues  through  which 
poisoning  takes  place,  and  the  sanitary  means 
of  prevention  of  poisoning.  Commiuiieations 
from  the  other  states  were  brief  and  unim- 
portant.— G.  E.  Partridge. 

The  Electric  Clyster  for  the  Treatment 
OF  Le.\d  Colic.  Andrea  Vinaj.  II  Lavoro, 
April  30.  1922,  13,  No.  4.  109-113.— In  the 
clinic  for  occupational  diseases  in  Milan, 
Vinaj,  an  assistant  of  Preti,  treated  a  series 
of  eases  of  lead  colic  bj-  the  method  recom- 
mended by  various  French  authors  (Labadie, 
Lagrave.  Boudet,  etc.)  for  intestinal  obstruc- 
tion, namelj',  by  introducing  into  the  lower 
bowel  an  injection  of  warm  water  through  a 
sound  which  is  at  the  same  time  the  positive 
pole  of  an  electric  battery.  The  negative 
pole,  covered  with  moist  absorbent  cotton,  is 
placed  on  the  abdomen.  In  order  to  guard 
against  the  possibility  of  forming  an  eschar 
in  the  intestine,  about  a  liter  and  a  half  of 
water  is  introduced  before  the  galvanic  cur- 
rent is  turned  on.  According  to  the  tolera- 
tion of  the  patient  the  current  is  increased, 
but  never  beyond  50  millimilliaiuperes.  and 
the  current  is  sometimes  interrupted,  again 
reversed. 

Vinaj   gives   the   history   of   eight    eases   in 


all  of  which  pain  was  relieved  during  and 
after  the  treatment  and  constipation  usually 
overcome  with  great  promptness. — Alice  Ham- 
ilton. 

The  Teciixic  of  Examining  Blood  from 
Le.\d  Workers.  H.  Engel.  Miinchen.  med. 
Wchnschr.,  April  28,  1922,  69,  No.  17,  626- 
627. — Comparison  of  the  usual  fixed  and 
stained  thin  smear  of  blood  with  the  unfixed 
thick  drop  method  which  has  been  used  widely 
in  the  last  few  years  shows  that  the  newer 
method  finds  basophilic  degeneration  in  nor- 
mal blood,  at  times,  and  more  of  the  stippled 
cells  in  ca.ses  of  lead  poisoning  than  does  the 
older  and  standard  method.  This  stippling 
is  not  the  same  as  the  recognized  marking  of 
basophilic  degeneration,  and  is  probably  an 
artefact  diie  to  the  stain.  The  method  is 
therefore  not  reliable  unless  used  with  great 
caution.  Further  research  is  being  carried 
on. — E.  L.  Sevringhaus. 

The  Poisonous  Properties  op  Colloid.\Ij 
Silica.  TF.  E.  Gye  and  W.  J.  Purdy.  Brit. 
Jour.  Exper.  Pathol..  April,  1922,  3,  No.  2, 
75-94. — Effects  of  the  Parenteral  Adminktra- 
tion  of  Larye  Doses. — Silica  sol  administered 
parenterally  is  a  poisonous  substance-  In- 
jected intravenously  in  very  large  doses  it 
causes  immediate  death,  as  a  result  of  clotting 
of  the  blood.  Injected  in  sublethal  doses  it 
accelerates  the  rate  of  clotting  of  the  blood 
when  shed.  Added  to  blood  in  vitro  it  has 
no  influence  on  the  rate  of  clotting.  Silica 
sol  injected  intravenously  in  rabbits  in  daily 
doses  of  30  to  72  mg.  causes  death  in  from  two 
to  four  daj-s,  and  postmortem  petechial  hem- 
orrhages and  profound  degeneration  of  the 
liver  and  kidney  are  found.  The  conclusion 
is  drawn  that  the  primary  action  is  on  the 
vascular  endothelium. 

Effects  of  Repeated  Intravenous  Injections 
on  Rabbits :  Fibrosis  of  the  Liver. — The  in- 
travenous injection  of  5  mg.  or  more  of  silica 
sol  daily  in  rabbits  is  followed  b.y  fibrosis  of 
the  liver,  enlargement  of  the  spleen,  and 
changes  in  the  kidney  resembling  inter.stitial 
nephritis. 

The  weekly  injection  of  5  mg.  of  silica  sol 
has  but  little  effect  on  the  liver  and  kidnej', 
but  in  both  organs  the  changes  found,  though 
small,   are   (piite   definite.      Only  one   animal 
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was  used  in  this  experiment,  and  the  conclu- 
sions drawn  are,  therefore,  provisional.  It 
would  appear  from  this  single  result  that,  in 
order  to  cause  an  abundant  formation  of  con- 
nective tissue  with  this  dose,  the  injection  of 
silica  must  be  repeated  daily.  If  seven  days 
are  allowed  to  elapse  between  the  administra- 
tion of  the  doses  the  lesions  produced  by  each 
dose  heal  quite  completely  before  the  next 
dose  is  given.  When  the  weekly  dose  is  30 
mg..  a  very  definite  fibrosis  of  the  liver  and 
degeneration  of  the  kidney  are  produced  iu 
a  few  months.  (The  single  result  reported  in 
this  paper  has  been  confirmed  in  other  experi- 
ments which  will  be  published  later.)  From 
this  it  may  be  concluded  that  the  damage  to 
cells  caused  by  30  mg.  of  silica  sol  is  too  ex- 
tensive to  be  healed  completely  in  one  week, 
and  that  a  chronic  pathological  condition  is 
induced,  fibrous  tissue  being  formed  in  the 
constant  attempt  at  repair. 

Each  article  contains  excellent  illustrations 
showing  the  pathological  changes  produced  in 
the  liver  and  kidney.  The  authors  do  not 
refer  to  the  significance  of  their  work  to  the 
problems  of  pulmonary  silicosis.  Neverthe- 
less, those  interested  in  the  pneumokonioses 
are  bound  to  draw  the  conclusion  that  the 
well-known  fibrosis  of  the  lungs  which  follows 
prolonged  inhalation  of  silica  du.st  mvist  be  a 
reaction  similar  to  that  now  obtained  experi- 
mentally.— E.  L.  Collis. 

Dangers  to  Heai/th  in  Vulcanizing 
Works.  0.  Calamita.  Abstracted  as  follows 
in  Internat.  Labour  Rev.,  April,  1922,  5,  No. 
4,  654-655. — "A  clinical  study  of  workers 
employed  in  vulcanizing  rubber  goods  has 
recently  been  published  by  Dr.  Calamita,  a 
member  of  the  medical  inspection  staff  of 
the  Rome  Labor  Office.  His  investigations 
covered  seven  workshops  and  twenty  workers, 
and  the  various  methods  of  vulcanizing  were 
all  examined.  An  elaborate  clinical  examina- 
tion of  the  employees  was  followed  by  detailed 


blood  tests  and  inspection  of  the  sanitary 
conditions  of  the  workrooms. 

"Dr.  Calar-ita  states  that  one-third  of  the 
workers  suffered  from  chronic  poisoning.  He 
considers  that  this  is  caused  by  benzol  mixed 
with  other  substances  (helped  by  the  bad 
ventilation),  rather  than  bj^  carbon  disulphide 
of  which  very  little  is  used,  or  benzine,  which 
is  freely  used,  but  is  not  very  poisonous.  Per- 
sons predisposed  to  the  poison  are  affected 
sooner  than  others.  The  most  usual  symp- 
toms are  debility,  oligaemia,  diminution  of 
the  haemoglobin,  morphological  changes  in 
the  red  corpuscles,  reduced  resistance  of  the 
red  corpuscles,  eosinophilia  (which  may  be 
severe),  and  irritation  of  the  respiratory  sys- 
tem. 

"Among  the  precautions  recommended  are 
either  better  ventilation  of  workrooms  by 
localized  exhaust  pipes,  or  prohibition  of 
work  in  premises  with  insufficient  floor  and 
window  space;  strict  exclusion  of  children 
under  15 ;  improved  vulcanizing  solutions,  a 
mixture  of  benzine  and  benzol  being  recom- 
mended in  which  the  proportion  of  the  latter 
has  been  reduced  to  the  lowest  limit  techni- 
cally possible ;  avoidance  of  the  use  of  the 
highly  poisonous  carbon  disulphide ;  frequent 
medical  inspection  of  the  workers,  and  exam- 
ination for  eosinophilia,  when  necessary; 
temporary  exclusion  from  work  of  the  work- 
ers most  affected,  and  instruction  of  the 
workers  in  the  poisonous  properties  of  the 
substances  used  and  the  precautions  which 
should  be  adopted." — G.  E.  Partridge. 

The  Health  of  Munition  Workers  in  a 
Shell-Filling  Factory.  /.  Anderson  and 
E.  D.  Anderson.  Abstracted  as  follows  from 
Glasgow  Med.  Jour.,  1922,  97,  1-16,  by  F.  S. 
Hammett,  in  Chem.  Abstr.,  May  20,  1922,  16, 
No.  10.  1619. — "Report  of  18  eases  of  toxic 
jaundice  apparently  due  to  the  occupational 
hazard  in  handling  or  exposure  to  trinitro- 
toluene or  its  compounds." 


DUST  HAZARDS  AND  THEIR  EFFECTS 


Removing  the  Dust  from  the  Casting 
Cleaning  Room.  C.  C.  Hermann.  Indust. 
Management,  March,  1922,  63,  No.  3,  171-174. 
— The  author  presents  engineering  data  on 


cleaning  shops,  exhaust  systems  for  reducing 
emery  dusts,  and  describes  the  use  of  sand 
blasts,  etc.,  with  cyclone  or  centrifugal  col- 
lectors.— P.  Drinker. 
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OCCUPATIONAL   INFECTIOUS  DISEASES:    OCCURRENCE, 
TREATMENT  AND   PREVENTION 


Dental  Caries  of  Gingerbread  Bakers 
AND  Candy  Makers  in  Nuremberg.  Anne 
Shujcr-  Zentralbl.  f.  Gewerbehyg.,  I\Iarch, 
1922.  10.  No.  3,  65-80.— The  author  di.seusses 
the  damage  to  teeth  in  the  industries  using 
lead,  mercury,  phosphorus,  arsenic,  copper, 
acid  gases,  coal  tar  derivatives,  trichlorethy- 
lene.  carbon  bisulphide,  and  in  the  glass  blow- 
ing and  mother  of  pearl  industries.  Actino- 
mycosis is  mentioned.  The  effects  of  grain, 
flour  and  sugar  dust  are  the  subject  of  sta- 
tistical study. 

The  gingerbread  industry  is  very  large  in 
Nuremberg.  Caries  of  the  teeth  is  found  to 
be  extraordinarily  prevalent  among  the 
bakers  of  gingerbread  and  among  confection- 
ers, etc.,  who  have  to  work  in  the  dust  of  flour 
and  sugar.  A  coating  of  these  materials  on  the 
teeth  makes  a  good  medium  for  acid-produc- 
ing bacteria.  The  author  urges  personal  pro- 
phylaxis by  scrubbing  the  teeth  at  least  twice 
a  day,  and  by  .semi-annual  tooth  inspection. 
The  problem  of  educating  the  workers  is 
touched  upon.  About  one-seventh  of  the 
working  population  of  Nuremberg  is  engaged 
in  these  varied  occupations  with  high  tooth 
hazards. — E.  L.  Sevringhaus. 

Results  op  an  Inquiry  by  the  Austrian 
Society  for  Cancer  Research  and  Preven- 
tion. S.  Pellet:  Wien.  klin.  "Wchnschr.,  Feb. 
9,  1922,  35,  No.  6,  121-127 ;  Feb.  16,  1922,  No. 
7,  153-158;  Feb.  23.  1922,  No.  8,  183-185.— 
Most  responses  to  the  cancer  questionnaire  de- 
nied any  relation  between  occupation  and 
cancer  mortality.  Others  noted  innkeepers, 
physicians,  chimney-sweeps,  peasants,  and 
merchants  as  most  susceptible. — B.  Cohen. 

Phthisis  in  the  Book-Printing  Industry. 
Paul  Gerber.  Wien.  klin.  Wchnschr..  Feb.  16. 
1922,  35,  No.  7,  158-159.— Consumption 
among  book  printers  and  allied  workers  runs 
on  the  average  for  five  years  in  a  chronic  or 
sub-chronic   form.     Lead    poisoning    ajipears 


not   to   influence   the   disease   in   any   way. — 
B.  Cohen. 

Oil  op  Chenopodium  in  Ankylostomiasis. 
Filippini.  Abstracted  as  follows  from  the 
Policlinico,  1921,  No.  38,  in  11  Lavoro.  Feb. 
28.  1922.  13,  No.  2,  57.— Filippini  objects  to 
the  use  of  oil  of  chenopodium,  especially  in 
treatment  of  hookworm  disease  on  a  large 
scale.  It  is  easy  to  set  up  lesions  in  the  kid- 
neys, disturbances  in  the  internal  ear,  and 
even  blindness,  and  it  is  therefore  contrain- 
dicated  in  patients  suffering  from  eye  or  ear 
disease.  It  is  also  contraindicated  in  anemia, 
and  since  the  latter  is  invariably  present  in 
ankylostomiasis,  this  fact  alone  is  enough  to 
cause  its  rejection.  There  is  no  reason  to  pre- 
fer it  to  thymol. — Alice  Hamilton. 

Studies  on  the  Chemotheeapy  of  Silver 
and  Arsenic  Compounds  in  Experimental 
Tuberculosis.  M.I.Smith.  Am.  Rev.  Tuberc, 
May.  1922,  6.  No.  3.  183-191.— The  author 
summarizes  as  follows: 

"An  investigation  was  conducted  on  the 
chemotherapy  of  some  arsenic  and  silver  com- 
pounds in  tuberculosis.  The  results  permit  of 
drawing  the  following  conclusions : 

"1.  Neoarsphenamine  and  silver  arsphen- 
amine  have  a  very  slight  inhibiting  action  on 
the  growth  of  the  tubercle  bacillus  in  vitro. 
Colloidal  silver  oxide  has  no  effect  whatever 
on  its  growth,  while  silver  methjdene  blue  has 
a  very  considerable  inhibiting  action  on  its 
growth. 

"2.  None  of  these  substances  has  any  de- 
monstrable effect  on  the  pathogenicity  of  the 
tubercle  bacillus  when  exposed  to  their  action 
i)i  vitro  at  body  temperature  for  forty-eight 
hours. 

■"3.  None  of  these  substances  when  admin- 
istered to  experimentally  infected  tubercu- 
lous guinea-pigs  has  any  favorable  influence 
on  the  course  of  the  disease." — ]\I.  C.  Shorlev. 


OCCURRENCE  AND    I'l.'KVKNTI  ON   OF  INDUSTRIAL  ACCIDENTS 


Hazards  of  Dry  Cleaning  Establish- 
ments. 7'.  P.  Endicott.  Nat.  Safety  News, 
June.  1922,  5,  No.  6,  33-34.— The  term  "drv 


clcauinii-  establislmu'iits"  ajiplies  to  tliose  es- 
tablislunents  that  totally  immerse  garments 
in  a  solvent  nthcr  than  water — a  process  mak- 
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lug  fire   or   explo.sion   probable   at   any   time 
without  warning. 

The  author  enumerates  the  several  hazards 
involved  in  these  houses,  and  suggests  dimin- 
ishing the  dangers  b}-  correcting  the  location, 
lighting,  use  of  solvents,  ventilation,  drying, 
.and  electricity  of  the  establishments. — M.  C. 
Hamblet. 

The  Economic  Relation  op  Accidents  and 
Preventable  Diseases  to  the  Coal-Mining 
Industry.  A.  L.  Murray.  U.  S.  Bur.  Mines, 
Keports  of  Investigations,  April,  1922,  pp.  5. 
—The  study  is  based  upon  the  experience  of 
coal  mining  camps  in  the  state  of  Utah.  It  is 
shown  that  the  number  of  accidents  tends  to 
increase  j-ear  by  year.  When  compared  with 
production  and  the  number  of  men  employed. 
the  fatality  rate  and  the  permanent  disability 
rate  for  the  four  years  (1917-1921)  show  a 
marked  increase. 

By  analysis  of  data  regarding  days  of  loss, 
average  wage,  average  tonnage  per  man  per 
•day,  etc.,  the  writer  estimates  a  total  loss  from 
these  accidents  amounting  to  an  average  well 
above  three-quarters  of  a  million  dollars  per 
year  or  approximately  17  cents  for  every  ton 
of  coal  mined. 

A  similar  study  is  made  of  the  losses  re- 
sulting from  two  diseases — smallpox  and  ty- 
phoid fever.  At  first  sight  the  loss  from  the.se 
diseases  may  seem  to  be  inconsiderable,  since 
they  are  infrequent ;  but  when  it  is  considered 
that  they  are  preventable,  and  when  the  con- 
ditions that  arise  when  an  outbreak  of  these 
diseases  occurs  in  a  mining  camp  are  taken 
into  account,  the  loss  cannot  be  regarded  as 
insignificant.  In  the  case  of  smallpox  and 
typhoid  fever,  the  means  of  prevention  are 
so  simple  and  so  readily  applied  that  the  loss 
from  these  diseases  may  be  considered  inex- 
cusable. 

The  monetary  losses  due  to  accidents  and 
contagious  diseases  in  the  coal  mining  indus- 
try in  Utah,  as  shown,  average  close  to  a  mil- 
lion dollars  per  year. — G.  E.  Partridge. 

Redi'Cing  Accidents  by  Increasing  Num- 
ber OP  Accident  Reports.  //.  T.  Aldrich. 
Safety  Engin.,  April,  1922,  43,  No.  4,  140.— 
The  unusual  feature  in  this  safety  contest, 
which  continues  for  one  year,  is  that,  instead 
of   prizes  being  awarded  to  the  department 


which  has  the  lowest  number  of  accidents  for 
the  year,  they  are  given  to  the  department 
that  reports  the  largest  number  of  accidents. 
This  feature  is  preventing  the  development 
of  comijlications  arising  from  minor  injuries. 
— R.  "SI.  Thomson. 

Obtaining  and  Presenting  Safety  Sta- 
tistics TO  THE  Busy  Executive.  A.  M.  Vn- 
derhill.  Safety  Engin.,  April,  1922,  43,  No. 
4,  131;  May,  i922.  No.  5,  199.— This  paper, 
which  appears  in  two  issues  of  Safety  En- 
gineering, correlates  and  presents  facts  and 
figures  in  safety  work.  After  data  have  been 
collected  and  careful  attention  has  been  given 
to  what  they  represent,  the  facts  should  be  so 
presented  that  they  are  readily  discerned  by 
persons  unfamiliar  with  the  work. 

Pai't  II  of  this  article  shows  by  actual 
charts  how  to  analyze  accident  statistics  by 
graphic  charts,  and  gives  the  most  convenient 
forms  of  co-ordinate  paper  for  use  in  plotting 
curves. — R.  M.  Thomson. 

More  about  "Saving  Fingers."  H.  F. 
Webb.  Nat.  Safety  News,  June,  1922,  5,  No. 
6,  26. — Through  the  efforts  of  the  superin- 
tendent of  the  press  department,  The  Watson 
Company,  of  Attleboro,  Mass.,  has  reduced 
accidents  to  a  minimum.  This  has  been  done 
through  safety  education  and  co-operation  of 
the  employees.  Several  safety  devices  which 
have  been  installed  in  this  plant  are  de- 
.scribed. — il.  C.  Ilamblet. 

How  One  Small  Plant  Solved  the 
Safety  Problem.  W.  E.  Magraw.  Nat. 
Safety  News,  June,  1922,  5,  No.  6,  13.— The 
H.  H.  Robertson  Company,  Pittsburgh  and 
Ambridge,  Pa.,  is  the  winner  of  the  Rice 
Safety  Award  for  a  100  per  cent,  record 
in  accident  prevention  during  1921.  This 
company,  employing  124  men,  worked  250,000 
hours  last  year  without  a  lost-time  accident. 
Although  a  workmen's  committee  and  a  gen- 
eral committee  were  formed,  they  were  both 
discontinued  and  the  idea  of  safety  was  di- 
rectly inculcated  in  the  minds  of  the  workers 
by  the  foremen,  who  were  responsible  for  the 
safety  as  well  as  for  the  production  of  their 
departments. — M.  C.  Hamblet. 

How  ^loviNG  Pictures  Help  in  Saving 
Lives  and  Preventing  Industrial  Injury. 


92 


THE   JOUBNAL    OF    INDUSTEIAL    HYGIENE 


Safety  Engio.,  April,  1922,  43,  Xo.  i.  138.— 
This  is  a  general  review  of  the  part  played  by 
motion  pictures  in  accident  prevention,  and 


contains  an  appreciation  of  the  film  as  a 
means  of  increasing  industrial  safety. — -R.  M. 
Thomson. 


INDUSTRIAL   SURGERY 


Types  of  Injuries  Met  by  the  Railroad 
StTBGEON.  J.  H.  Blackburn.  Southern  Med. 
Jour..  Feb.,  1922.  15,  No.  2,  143-1-46.— Recent 
reports  of  the  Interstate  Commerce  Commis- 
sion .show  that  85  per  cent,  of  the  persons, 
other  than  passengers  and  employees,  in- 
volved in  railway  accidents,  are  trespassers. 

Several  characteristics  of  railroad  injuries 
deserve    notice.      The    most    striking    in    the 


writer's  experience  are  the  multiple  nature  of 
the  injuries,  the  large  number  of  lacerated 
wounds,  and  the  comparatively  marked  de- 
gree of  both  primary  and  secondary  shock. 

Various  types  of  injury  are  specified,  and 
there  are  brief  case  histories  of  seven  eases 
intended  to  illustrate  the  unusual  or  extraor- 
dinary features  of  cases  in  railway  surgery. — 
G.  E.  Partridge. 


INDUSTRIAL   PHYSIOLOGY:    NUTRITION,  METABOLISM, 
FATIGUE,  ETC. 


The  Poison  of  Fatigue  in  Experimental 
Tuberculosis  and  in  Consumptives.  Ab- 
stracted as  follows  from  Annali  Med.  Nav.  e 
Colon.,  1920,  2,  615  and  767,  in  Tubercle,  May, 
1922. — By  way  of  preface  to  his  own  volumin- 
ous treatise,  the  author  describes  the  re- 
searches of  various  biologists  on  the  subject 
of  kenotoxin — the  toxin  associated  with  fa- 
tigue. Particularly  he  is  impressed  with  the 
work  of  Weichardt,  whose  theory  was  sup- 
ported by  Wolff-Eisner  in  1905  and  b.y  Fer- 
rannini  and  Fichera  in  1912.  He  then  pro- 
ceeds to  a  description  of  his  own  experiments 
carried  out  in  order  to  determine  whether  ex- 
perimental tuberculosis  is  affected  by  the 
toxin  of  fatigue,  and,  if  so,  what  is  the  mech- 
anism of  this  influence.  The  kenotoxin  was 
manufactured  according  to  Weichardt 's  teeh- 
nic  with  only  a  slight  modification.  Rabbits 
were  used  for  preparing  the  toxin,  rabbits 
and  guinea-pigs  for  the  antikenotoxin.  The 
author  then  proceeds  to  give  full  evidence  for 
his  conclusion  that  the  kenotoxin  so  prepared 
will  cause  typical  ana])hylactic  shock  in  the 
guinea-pig. 

The  influence  of  Fatigue  on  tuberculosis 
morbidity  was  shown  Ijy  infecting  a  group  of 
guinea-])igs  fatigued  for  a  fortnight  and  a 
control  grou])  of  ecjual  weight  which  liad  been 
resting:  the  fatigued  .showed  less  resistance. 
With  small  doses  of  kenotoxin  a  similar  result 
was  obtained,  but  on  increasing  the  dosage  in 
;i  second  scries  of  experiiiicnls  the  intoxicated 


animals  were  found  to  succumb  much  more 
rapidly  to  infection  with  tuberculosis  than  did 
the  controls. 

The  effect  both  of  fatigue  and  of  kenotoxin 
brought  to  bear  after  experimental  infection 
with  tuberculosis  showed  that  both,  and  espe- 
cially the  latter,  hastened  the  course  of  the 
disease  and  aggravated  the  symptoms. 

The  next  step  in  the  experiments  was  to 
determine  whether  antikenotoxin  would  neu- 
tralize the  kenotoxin  in  vivo,  the  guinea-pigs 
being  grouped  according  to  whether  they  had 
had  (a)  kenotoxin  only,  (6)  kenotoxin  and 
antikenotoxin,  or  (c)  neither  kenotoxin  nor 
antikenotoxin.  Groups  (b)  and  (c  )  survived 
with  equal  success,  while  in  group  (a)  the 
disease  was  markedly  aggravated.  In  other 
words,  the  ginea-pig  treated  with  both  keno- 
toxin and  antikenotoxin  behaved  as  a  resting 
guinea-pig  would,  while  the  guinea-pig  treated 
with  kenotoxin  only  behaved  like  a  fatigued 
guinea-pig. 

A  series  of  investigations  into  the  effect  of 
fatigue  on  immunity  resulted  in  the  follow- 
ing conclusions:  (1)  that  fatigue  diminishes 
the  resistance  of  the  animal  to  the  action  of 
the  tuberculosis  toxin  (aqueous  tuberculin  of 
Maragliano)  ;  (2)  that  animals  passively  im- 
munized and  at  the  same  time  subjected  to 
fatigue  behave  as  those  in  the  previous  gi-oup 
when  treated  with  tubercidin  (fall  of  temper- 
ature, prostration,  rajjid  loss  of  weight,  and 
(icathi,    cdiiirols    bring    able    successfully    to 
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withstand  a  lethal  dose  of  tuberculin;  '3) 
that  bacteriolysis  is  delayed  and  diminished 
as  a  result  of  fatigue;  (4)  that  fatigue  results 
in  a  fall  of  the  opsonic  index  and  a  diminu- 
tion of  the  amount  of  antibodies  present  in 
the  blood. 

After  these  preliminary  studies  the  writer 
broaches  the  more  difficult  question  of  the 
effect  of  fatigue  in  the  human  being.  With- 
out making  any  exploration  into  the  tempting 
fields  of  etiology.  Captain  Pietroforte  confines 
himself  to  the  effects  of  fatigue  on  the  course 
of  a  declared  disease,  keeping  an  eye  on  the 
application  which  must  be  made  of  his  i-e- 
search  to  the  exercise  treatment  of  tubercu- 
losis. The  method  selected  for  fatiguing  the 
patients  was  to  make  them  walk  until  they 
just  began  to  feel  tired.  The  healthy  controls 
were  subjected  to  a  more  marked  degree  of 
fatigue.  Altogether  fifteen  patients  were  ex- 
amined under  these  conditions,  the  results 
being  classified  according  to  the  influence  of 
fatigiie  on  the  temperature,  pulse,  respiration, 
blood  pressure,  metabolism,  and  weight.  Ob- 
viously these  results  cannot  be  stated  with  the 
same  clearness  as  is  possible  in  a  laboratory. 
The  full  observations  of  each  of  these  fifteen 
cases  are  given  in  the  paper.  The  main  con- 
clusions reached  are  that  in  tuberculous,  as 
distinct  from  healthy  individuals,  fatigue  is 
usually  followed  by  azotemia,  very  slight 
azoturia,  and  diminution  in  weight.  Temper- 
ature, pulse,  and  respiration  show  no  notable 
changes,  while  the  blood  pressure  is  only 
seriously  affected  in  the  more  advanced  eases. 
Practically,  he  concludes  that  although  fa- 
tigue is  usually  harmful  to  the  tuberculous  in 
whom  the  normal  reactions  of  the  healthy  are 
absent,  there  may  be  found  the  chosen 
moment  when  it  is  actually  useful.  To  this 
end  careful  account  must  be  taken  of  the 
weight  and  of  the  nitrogen  metabolism.  The 
theory  is  that  the  toxin  affects  the  metabolism 
through  the  central  nervous  system,  and  if 
given  in  suflficiently  small  and  well-spaced 
doses  its  exciting  action  prevails  rather  than 
the  paralyzing  action  which  results  from 
larger  and  continued  doses. 

Practical  Methods  for  Reducing  Fa- 
tigue. Nat.  Safety  Council,  Safe  Practices 
Pamphlet,  No.  50,  Nat.  Safety  News,  June, 
1922,  5,  No.  6,  39-50.— After  a  definition  of 


fatigue  is  given  and  the  manifestations  of 
fatigue  are  stated,  about  twenty-five  personal 
or  individual  causes  of  fatigue  are  mentioned. 
Among  the  important  factors  causing  fatigue 
are:  poor  health,  personal  worries,  lack  of 
adaptation  to  one's  job,  poverty,  long  hours 
of  work,  lack  of  amusement  and  recreation, 
and  monotony  in  work.  Enlargement  of  these 
factors,  together  with  others  causing  fatigue, 
is  made.  This  pamphlet  may  be  obtained  from 
the  headquarters  of  the  National  Safety  Coun- 
cil in  Chicago. — M.  C.  Hamblet. 

The  Influence  of  INIuscular  Effort  and 
Consequent  Thyroid  Stasis  on  the  For- 
mation op  Goiter.  L.  Mattioli.  Abstracted 
as  follows  from  Rivista  Sperimentale  di  Fren- 
iatria.  Vol.  45,  No.  1-2,  in  II  Lavoro,  March 
31,  1922,  13,  No.  3,  88-90.— The  author  pre- 
sents a  series  of  anatomical  and  physiological 
studies  which  have  a  bearing  on  the  causal 
relationship  between  muscular  effort  and 
goiter  already  observed  by  others.  In  the 
course  of  ten  autopsies  he  examined  the  veins 
of  the  thyroid  gland  and  came  to  the  conclu- 
sion that  the  superior  thyroid  veins,  because 
of  their  direction  from  below  upward,  are  ill 
adapted,  even  during  the  state  of  repose,  to 
favor  the  return  flow  of  blood  from  an  im- 
portant part  of  the  gland,  as  a  result  of  which 
the  upper  part  of  the  thyroid  is  more  subject 
to  venous  stasis  than  the  lower  part,  and  the 
right  lobe  more  than  the  left. 

In  mountaineers  carrying  their  load  on 
their  shoulders  as  they  climb,  this  stasis  in  the 
thyroid  veins  results  in  an  increase  in  the 
circumference  of  the  neck,  as  the  author  found 
in  nine  individuals.  These  men  also  showed 
a  notable  increase  of  pulsations,  of  respira- 
tory effort,  and  in  almost  all  there  was  in- 
creased blood  pressure.  To  this  effect  on  the 
venous  system  of  the  th.vroid  produced  by  the 
mountaineer's  work  is  added  another,  a  slow- 
ing of  the  flow  in  the  internal  jugular  veins 
because  the  omohyoid  muscles  cannot,  under 
these  circumstances,  contribute  to  the  dila- 
tation of  the  large  veins  of  the  neck,  as  they 
do  normally. 

These  observations  lead  the  author  to  be- 
lieve that  the  peculiar  work  of  the  Italian 
mountaineer  is  calculated  to  provoke  stasis  in 
the  thyroid  gland  and  consequently  to  pro- 
duce    anatomical     and     functional    changes 
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which  influence  the  unknown  agent  that 
causes  goiter ;  and  that  such  work  must  there- 
fore be  regarded  as  a  contributory  cause  of 
goiter.  A  contirmation  of  this  theory  is  found 
in  the  progressive  disappearance  of  goiter  in 
parts  of  Italy  where  the  carrying  of  hea\'>' 
weights  on  the  shoulder  up  the  mountains  is 
being  abandoned,  and  transportation  done  by 
animals. — Alice  Hamilton. 

Energy  Expenditure  in  Sewing.  C.  F. 
Langu'oithy  and  H.  G.  Barott.  Am.  Jour. 
Phys.,  Feb.  1,  1922,  .59,  No.  1,  .376-380.— The 
authors  summarize  as  follows:  "The  respira- 
tion calorimeter  was  used  to  measure  the 
energy  expended  by  a  woman  hemming  by 
hand  on  various  materials  and  at  difEerent 
speeds  and  doing  similar  sewing  on  a  machine 
driven  by  foot  power  and  by  electricity.  Little 
variation  was  found  in  the  energj-  required 
for  hand  hemming  on  fine  handkerchiefs,  cot- 
ton sheets,  8-ounee  cotton  duck,  and  army 
blankets,  the  energy  required  for  the  actual 
sewing  ninning  between  5.5  and  5.8  calories 
per  hour  except  in  the  case  of  army  blankets 
where  for  some  unexplained  reason  it  was 
only  4.3  calories. 

"When  the  speed  was  increased,  the  energy 
output  increased  proportionately.  Hemming 
sheets  on  a  foot-driven  machine  required 
about  six  times  as  much  energy  per  hour  as 
doing  the  same  work  by  hand,  but  the  energy 
used  per  meter  of  sewing  was  hardly  one-half 
as  great.  When  an  electrically  driven  ma- 
chine was  used,  the  energy  required  per  hour 
was  not  quite  twice  that  used  for  hand  sew- 
ing and  about  one-fourth  that  for  the  foot- 
driven  machine ;  the  energy  per  meter  of  sew- 
ing was  about  one-fifth  of  that  measured  on 
the  foot-driven  machine  and  less  than  one- 
tenth  that  of  hand  sewing.  A  three  weeks' 
attack  of  influenza  during  the  progi-ess  of  the 
experiments  made  it  possible  to  compare  the 
energj^  output  of  the  subject  before  and  after 
the  infection.  For  five  weeks  after  apparenth' 
complete  recovery  her  energy'  expenditure 
per  kilogram  of  body  weight  averaged  nearly 
4  per  cent,  lower  than  before  her  illness." — 
U.  C.  Shorley. 

Alcohol  in  Relation  to  Industrial  Hy- 


giene AND  Efficiency.  T.  Oliver.  Lancet, 
April  15,  1922,  202,  No.  5146,  772.— Home 
conditions  and  habits,  together  with  the  na- 
ture of  one's  emplojnnent,  influence  alcohol- 
ism. By  injuring  the  neiwous  system  alcohol 
diminishes  the  ability  to  work,  but  as  muscle 
food  it  is  helpful,  although  the  help  is  dearly 
bought.  Many  occupations,  apart  from  the 
manufacture  and  sale  of  alcohol,  create  a  de- 
sire for  intoxicants;  they  are  those  productive 
of  fatigue  due  to  great  physical  exertion,  over- 
long  hours,  exposure  to  heat  or  to  dust.  The 
alcohol  habit  is  associated  with  increase  in 
accidents  and  in  irregular  time-keeping.  Con- 
ditions of  work,  as  exposure  to  weather  in 
shipbuilding,  conduce  to  the  habit.  Sailors  at 
sea  are  well  behaved  and  sober,  but  on  arrival 
in  port  with  accumulations  of  pay  they  tend 
to  break  loose ;  here  occupational  customs 
exert  a  bad  influence. 

Before  America  banished  alcohol,  it  could 
be  said  that  teetotal  nations,  such  as  the  Mo- 
hammedans in  Asia  and  eastern  Europe,  were 
behind  others  in  vigor  and  industrial 
progress.  Experience  does  not  teach  that  the 
man  who  uses  alcohol  out  of  working  hours 
with  care  and  moderation  is  inferior  as  a 
craftsman  to  the  abstainer. — E.  L.  Collis. 

The  Use  op  Alcohol  by  Industrial  Work- 
ers. E.  L.  CoUis.  Lancet.  April  15,  1922, 
202,  No.  5146,  ITS.— (Review  by  author.)  Al- 
cohol contains  some  energy  but  it  is  not  true 
food.  It  is,  rather,  a  sedative  drug  with  toxic 
properties.  The  development  of  industry  saw 
a  rise  in  alcoholism,  probably  aided  by  the 
drive  of  mass  production  with  the  need  to  keep 
the  pace  which  tires  and  irritates  the  worker. 
Alcohol  is  a  convenient  sedative  for  blunting 
these  sensations.  Improved  conditions  of  work 
with  regard  to  wages,  hours,  and  the  supply  of 
food  lessen  intemperance.  Drink  taken  during 
working  hours,  as  by  dock  laborers,  is  more 
injurious  than  when  taken  only  convivially, 
as  by  coal  miners.  Investigations  have  shown 
that  the  sedative  action  of  alcohol  impairs 
those  forms  of  sensitivity  especially  required 
for  industrial  work,  and  results  in  less  output 
and  more  accidents;  while  its  intoxicating 
properties  are  accountable  for  increase  in 
labor  turnover  and  lo.st  time. 
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HAZARDS  OP  COMPRESSED  AIR,  DIMINISHED  PRESSURE,  GENERA- 
TION AND  USE  OF  ELECTRICITY,  AND  ELECTRICAL  WELDING 


Industrial  Code  Rules  (as  Amended) 
Relating  to  Work  in  Compressed  Air  Tun- 
nel Construction.  New  York  State  Dept. 
Labor,  Bulls.  No.  22  and  25. — Regulations  re- 


lating to  general  tunnel  construction,  and  to 
tunnels  and  caissons,  are  presented. — M.  C. 
Hamblet. 


WOMEN  AND  CHILDREN  IN  INDUSTRY 


Maternity  and  Industrial  Work.  Peri- 
cle  Carlini.  Reviewed  in  II  Lavoro.  March 
31,  1922,  13,  No.  3,  90-93.— Carlini  has  col- 
lected the  literature  on  the  influence  of  indus- 
trial poisons  on  the  pregnant  woman,  on  par- 
turition, and  on  the  offspring,  adding  some 
personal  observations.  Thepoisons  which  form 
the  subject  of  this  book  are  tobacco,  lead, 
phosphorus,  mercury,  arsenic,  alcohol,  ether, 
carbon  disulphide,  zenzine,  antimony,  trini- 
trotoluol, picric  acid,  and  bichromate  of 
potash.^ — Alice  Hamilton. 

Women  Who  Work.  New  York  State 
Dept.  Labor,  Special  Bull.  No.  110,  April, 
1922,  pp.  40. — This  report  contains  useful  in- 
formation about  women  in  industry.  Occu- 
pational figures  are  given  for  the  United 
States  and  for  New  York  with  reference  to 
women  workers,  also  data  relating  to  hours 
of  work,  wages,  home  work,  and  workmen's 
compensation.  There  are  also  data  on  health 
and  ti'ade  union  organization.  The  report 
closes  with  an  abstract  of  the  laws  of  New 
York  State  respecting  the  employment  of 
women. 

It  is  shown  that  of  4,504,791  persons  gain- 
fully occupied  in  the  state  of  New  York,  25 
per  cent,  are  women,  and  that  44  per  cent, 
of  all  persons  following  professions  in  the 
state  of  New  York  are  women.  As  a  group, 
working  women  are  younger  than  working 
men.  The  hours  of  their  work  are  generally 
limited  in  mercantile  establishments,  fac- 
tories and  restaurants  to  nine  hours  a  day, 
fifty-four  hours  in  a  week.  Employment  is 
prohibited  between  10  o'clock  at  night  and 
6  o'clock  in  the  morning.  Two  large  groups 
— professional  workers  and  those  in  domestic 
service — are  not  limited  by  law.  Of  24,000 
licensed  home  workers,  about  18,000  are  wo- 
men. When  we  turn  to  the  very  important 
question  of  health,  we  are  confronted  with  a 


most  deplorable  dearth  of  facts  regarding  the 
amount  of  time  and  wages  lost  on  account  of 
sickness.  A  recent  study  shows  that  the  rate 
of  illness  is  50  per  cent,  higher  for  women 
than  for  men  both  in  regard  to  the  number  of 
cases  of  sickness  per  thousand  employed  and 
in  regard  to  the  average  loss  of  time  per  cap- 
ita. Accidents  in  industry  in  1920  are  much 
more  frequent  among  men  (96  per  cent,  of 
the  total  number),  but  two  classes  of  women 
in  occupational  life  have  no  compensation  for 
accidents — those  in  domestic  service  and 
those  in  agriculture. — G.  E.  Partridge. 

Negro  Women  in  Industry.  U.  S.  Dept. 
Labor,  Women's  Bur.,  Bull.  No.  20,  1922, 
pp.  65. — Negro  women  in  industry  in  nine 
states  —  New  York,  Pennsylvania,  Ohio, 
Illinois,  Michigan,  Indiana,  Virginia,  West 
Virginia,  and  North  Carolina  —  were  con- 
sidered in  preparing  this  report.  One  hun- 
dred and  fifty  plants  were  visited,  employing 
70,409  persons,  of  whom  40.5  per  cent,  were 
women,  and  16.8  per  cent,  negi'o  women. 
More  than  one-half  of  the  negro  women  were 
employed  in  the  tobacco  industry. 

The  war  brought  into  the  industries  many 
more  negro  women  than  had  hitherto  been 
employed,  but  it  is  clear  that  at  the  time  the 
present  study  was  made,  the  negro  women 
did  not  have  a  permanent  footing  in  indus- 
try, and  that  the  numbers  employed  have 
been  greatly  reduced  since  the  war. 

Of  all  the  women  studied,  about  one-third 
were  working  ten  hours  or  more  a  day.  All 
of  the  employees  in  the  peanut  industry  were 
working  ten  hours  or  more ;  of  a  total  of  840 
negro  women  in  the  textile  industries,  680 
were  working  ten  hours  or  more,  and  nearly 
half  of  those  working  in  the  tobacco  industry 
were  in  this  same  group.  The  greatest  num- 
ber, 37.4  per  cent.,  were  employed  fifty  hours 
per  week.     Gross  faults  in  regard  to  over- 
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time  woi-kiug  were  found  to  be  prevalent,  and 
it  was  also  found  that  a  great  many  of  the 
women  had  home  duties  in  addition  to  their 
factory  work.  Many  of  the  establishments 
allowed  too  short  a  period  for  lunch  (eighty- 
eight  had  a  half -hour  period).  The  general 
working  conditions  were  almost  universally 
poor.  Pro\'isions  for  health  service  "varied 
from  the  best  to  the  worst  types."  In 
eighteen  establishments  adequate  and  sanitary 
first-aid  dispensaries  were  found  under  the 
supervision  of  trained  nurses.  In  128  places 
there  were  either  no  seats  for  these  workers 
or  only  makeshifts. 

Data  are  included  showing  the  occupations 
of  negro  women  in  comparison  with  those  of 
white  women  in  a  variety  of  industries ;  there 
are  sections  on  wages,  employment  policies, 
education  and  training  of  workers,  and 
efficiency.  It  is  clearly  shown  that  negro 
women  in  industry  have  proved  themselves, 
as  a  class,  dependable  and  capable. 

The  report  ends  with  a  study  of  home  con- 
ditions of  women  workers  in  Virginia,  con- 
sisting of  an  investigation  by  personal  visits 
of  the  home  conditions  of  eighty-five  negi'O 
women  employed  in  the  tobacco  industry. — 
G.  E.  Partridge. 

CniLDKEN   OF  WagE-EarXING  MOTHERS.      A 

Study  op  a  Selected  Group  in  Chicago. 
Helen  R.  Wright.  U.  S.  Dept.  Labor,  Chil- 
dren's Bur.,  Pub.  No.  102,  1922,  pp.  92.— 
This  pamphlet  concerns  the  effect  of  the  em- 
ployment of  mothers  upon  the  welfare  of 
their  children.  The  nature  of  a  mother's 
work,  her  hours,  the  conditions  under  which 
she  works,  and  her  earnings,  play  such  a 
large  part  in  determining  the  welfare  of  her 
children  that  these  conditions  have  been 
studied. 

Special  protection  needed  by  the  children 
of  wage-earning  motluirs  consists  of  protec- 
tion which  should  be  afforded  them  during 
the  mother's  working  hours  and  measures 
that  should  be  adopted  in  order  that  the 
children  may  not  be  deprived  of  proper  care 
and  attention  by  the  mother  during  the  hours 
she  is  at  home. 

The  facts  brought  out  in  this  report  point 
clearly  to  the  conclusion  that  industrial  em- 
ployment of  mothers  has  many  undesirable 
features.     Chief  among  these  may  be  men- 


tioned the  mother's  absence  from  home,  and 
the  fatigue  and  ill  health  which  inevitably 
occur  when  a  woman  shoulders  two  jobs. 
The  connection  of  these  factors  with  the  chil- 
dren is  obvious  and  calls  for  measures  which 
will  remove  the  necessity  for  mothers  to  work 
outside  their  homes.  These  measures  will 
operate  for  the  benefit  of  both  mothers  and 
children. — M.  C.  Hamblet. 

Industrial  Home  Work  of  Children.  A 
Study  Made  in  Providence,  Pawtucket, 
AND  Central  Falls,  R.  I.  U.  S.  Dept. 
Labor,  Children's  Bur.,  Pub.  No.  100,  1922, 
PI5.  SO. — The  industrial  home  work  of  chil- 
dren in  Rhode  Island  was  brought  to  the  at- 
tention of  the  Children's  Bureau  through  the 
reports  of  inspectors  charged  with  the  en- 
forcement of  the  federal  child  labor  law  of 
1916.  Detailed  information,  gathered  largely 
through  a  canvass  of  the  schools,  was  ob- 
tained for  2,338  of  the  5,006  children  under 
16  j-ears  of  age  who  had  done  home  work 
during  1918.  These  children  had  been  en- 
gaged on  home  work  for  thirty  days  or  more 
during  1918  and  had  received  compensation 
for  their  services.  Almost  one-third  of  the 
children  had  foreign-born  fathers,  represent- 
ing twenty-four  nationalities.  The  largest 
numbers  of  child  workers  lived  in  the  Italian 
district ;  more  than  one-fifth  of  their  fami- 
lies owned  their  homes. 

The  children  worked  on  about  100  varieties 
of  factory  work,  distributed  by  twenty-one 
industries.  The  principal  occupations  of 
the  children,  in  the  order  of  their  im- 
portance, were  carding  snaps,  stringing  tags, 
drawing  threads  on  lace,  linking  and  wiring 
beads,  setting  stones,  working  on  military 
buttons,  carding  shoe  buttons,  finishing  un- 
derwear, carding  jewelry,  and  putting  to- 
gether chain  fasteners.  Ej-estrain  from  home 
work  was  reported  by  117  children.  School 
teachers  reported  that  child  home  workers 
came  to  school  listless  and  tired.  A  possible 
danger  to  the  health  of  the  community  was 
found  in  the  fact  that  large  numbers  of 
families  rei)orted  that  work  was  carried  on  at 
home  while  members  of  the  familj'  were  ill 
with  infectious  diseases,  while  in  many  cases 
the  sick  persons  took  part  in  the  work. — M. 
C.  Hamblet. 
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INDUSTRIAL    SANITATION:    FACTORY   CONSTRUCTION,    ILLUMINA- 
TION, VENTILATION,  HEATING, WATER  SUPPLY,  SEWAGE  DISPOSAL 


Atmospheric  Pollution  from  Sulphuric 
Acid  Plant  Fumes.  James  B.  Withrow. 
Chem.  and  Metall.  Engin.,  May  24,  1922,  26, 
No.  21,  972-976. — This  article,  which  reports 
the  work  of  the  Atmospheric  Pollution  Com- 
mittee of  the  American  Institute  of  Chemical 
Engineers,  contains  a  discussion  of  the  im- 
portance of  the  fume  problem  to  the  chemical 
manufacturer  from  the  standpoint  of  public 
health,  legislation,  and  economical  operation. 
The  author  compares  the  situation  in  this 
country  with  that  prevailing  in  Great  Britain 
and  Germany,  and  intimates  that  the  sul- 
phuric acid  fume  nuisance  can  be  lessened  by 
more  efficient  plant  operation.  He  discusses 
present  methods  of  determining  the  percent- 
age of  fiunes  escaping  into  the  air,  and  the 
effect  of  humidity,  light,  temperature,  and 
duration  of  exposure  in  connection  with 
vegetation  exposed  to  sulphuric  acid  fumes. 
— P.  Drinker. 


The  Industrial  Smoke  Problem.  Ab- 
stracted as  follows  from  Wiirme  u.  Kiilte- 
Tech.,  1922,  24,  20-34,  by  J.  L.  Wiley,  in 
Chem.  Abstr.,  May  20,  1922,  16,  No.  10, 
1657. — "The  injurious  constituents  of  indus- 
trial smokes  and  fumes  and  their  effect  on 
vegetation  are  discussed." 


The  Elimination  of  Industrial  Organic 
Odors.  Y.  Henderson  and  H.  W.  Haggard. 
Jour.  Indust.  and  Engin.  Chem.,  June,  1922, 
14,  No.  6,  548-551. — This  article  contains  a 
description  of  the  authors'  patented  process 
(U.  S.  Patent  1,410,249)  involving  the  ad- 
mixture of  small  amounts  of  chlorine,  as  a 
deodorant,  with  the  gaseous  emanation  from 
offensive  organic  matter.  Chlorine  is  sup- 
plied from  tanks,  and  involves  only  equip- 
ment in  current  use  in  the  chlorination  of 
water.  It  is  pointed  out  that  the  gaseous 
volume  of  material  actually  odoriferous  is  ex- 
tremely small,  so  that  far  less  chlorine  is 
needed  than  if  the  decaying  organic  material 
itself  were  to  be  deodorized  by  the  same 
method.  Certain  details  of  the  process  as 
installed  in  a  garbage-treating  plant  in  New 
Bedford  are  given. — P.  Drinker. 


Spring  House  Cleaning  in  the  Indus- 
trial Plant.  G.  A.  Kuechenmeister.  Nat. 
Safety  News,  March,  1922,  5,  No.  3,  11-12. 
— This  article  concerns  plant  cleaning.  As- 
suming that  the  method  of  cleaning,  whereby 
an  entire  establishment  is  turned  into  con- 
fusion for  several  days  annually,  is  obsolete, 
the  author  states  that  by  keeping  windows 
clean,  by  improved  lighting,  by  the  methodi- 
cal arrangement  of  articles,  and  continuous 
sweeping,  the  spring  house  cleaning  of  the  in- 
dustrial plant  will  no  longer  be  necessary. 
— M.  C.  Hamblet. 


Industrial  Code  Rules  (as  Amended) 
Relating  to  Lighting  of  Factories  and 
JMercantile  Establishments.  New  York 
State  Dept.  Labor,  Bull.  No.  18,  May  1,  1922. 
— The  State  Industrial  Commission  of  New 
York  has  amended  its  labor  laws  relating  to 
lighting  of  factories  and  mercantile  estab- 
lishments by  establishing  definite  require- 
ments for  the  measurement  and  intensity  of 
illumination.  The  minimum  intensities  of 
thirty-two  industries  are  given.  —  M.  C. 
llamblet. 


A  Survey  op  Natural  Illumination  in  an 
Industrial  Plant.  C.-E.  A.  Winslaw  and 
L.  Greenburg.  U.  S.  Pub.  Health  Ser.,  Pub. 
Health  Rep.,  April  14,  1922,  37,  No.  15, 
876-887. — This  is  a  study  of  daylight  illumi- 
nation in  a  large  munition  factoiy,  referring 
especially  to  the  indoor-outdoor  ratio  as  an 
index  of  such  illumination.  Measurements  in 
forty  typical  workrooms  w^ere  taken  with  the 
Macbeth  Illuminometer.  The  general  results 
were  good,  with  only  10  per  cent,  of  all  ob- 
servations (402)  falling  below  2  foot-candles, 
and  65  per  cent,  were  over  10  foot-candles. 
The  indoor-outdoor  ratio  has  certain  limita- 
tions, but  a  common  sense  interpretation  of 
the  results  will  yield  findings  that  are  prob- 
ably more  significant  than  direct  readings  of 
indoor  daylight  illumination. 

"It  may  be  tentatively  concluded  that  in 
summer  an  indoor-outdoor  ratio  of  0.4  per 
cent,  will  almost  always  give  a  direct  illumin- 
ation of  over  2  foot-candles,  generally  a  value 
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of  ovei-  4  foot-candles.  On  the  other  hand, 
a  workroom  with  an  indoor-outdoor  ratio 
often  falling  below  0.4  per  cent,  is  likely  to 
show  a  considerable  proportion  of  observa- 
tions below  2  foot-eandles. 

"Two  foot-candles  of  direct  illumination, 
or  0.4  per  cent,  of  the  outdoor  illumination  at 
a  given  time  may  perhaps  be  taken  as  a  tenta- 
tive standard  for  general  daylight  illumina- 
tion in  such  an  industry  as  small-arms  manu- 
facture, with  special  illumination  at  particu- 
lar working  planes  where  inspection  and 
other  fine  work  are  carried  on." — B.  Cohen. 

Notes  on  the  Efficiency  of  Various 
Systems  of  Air- Conditioning  in  a  Muni- 
tion Factory.  C.-E.  A.  Winslow  and  L. 
Greenhurg.  U.  S.  Pub.  Health  Ser.,  Pub. 
Health  Rep.,  Feb.  10,  1922,  37,  No.  6,  275.— 
Notes  on  artificial  and  natural  ventilation  in 
use  in  a  shell  manufacturing  plant  accom- 
pany charts  and  tables  of  extensive  readings 
from  psj'chrometers,  kata-thermometers,  and 
carbon  dioxide  in  parts  per  10,000  of  air. 
The  authors  conclude  that  shops  with  only 
the  normal  heat  hazard  can  be  greatly  im- 
proved by  common  sense  and  the  judicious  use 
of  thermometers,  while  heat  hazards  of  a 
high  degree  of  intensity  can  be  adequately 
controlled  during  cool  weather  by  properly 
designed  and  operated  systems  of  fan  ventila- 
tion. In  summer  the  excessive  heat  can  be 
reduced  only  by  artificial  cooling  and  in  the 


absence   of   this   desideratum   short   working 
shifts  are  recommended. — P.  Drinker. 

Have  You  a  Good  Drink  of  Water  in 
YOUR  Plant  .'  G.  E.  Wallis.  Nat.  Safety 
News,  May,  1922,  5,  No.  5,  27-29.— In  this 
article  there  are  jjresented  several  methods  of 
supph'ing  cool  drinking  water  to  employees 
in  industrial  establishments. 

The  two  most  important  factors  to  be  con- 
sidered in  planning  the  drinking  water  sys- 
tem are:  first,  the  source  from  which  the 
water  is  taken  (many  plants  use  the  munici- 
pal water  supply  although  it  is  cheaper  to 
use  an  artesian  well  and  pump  the  water 
through  the  plant) ;  and,  second,  the  water 
distribution  within  the  plant  itself  (most  in- 
dustries use  a  sj-stem  including  filtration,  re- 
frigeration, and  continuous  circulation). 
After  the  passage  of  the  water  through  a 
pressure  filter,  it  may  be  conducted  to  a  cool- 
ing and  supply  tank  from  which  it  is  pumped 
to  the  fountains  in  the  plant. 

Investigations  indicate  that  the  bubbler 
fountain  throwing  a  vertical  stream  of 
water  is  still  a  source  of  disease,  germs  often 
being  bounced  up  and  down  at  the  top  of  the 
vertical  stream  for  eighteen  hours.  The  type 
of  fountain  that  throws  a  stream  at  an  angle 
so  that  dust  or  germs  cannot  fall  into  the 
mouth  of  the  fountain  is  more  sanitary. — M. 
C.  Hamblet. 


INDUSTRIAL   MEDICAL   SERVICE:    MEDICAL  DISPENSARIES  AND 
HOSPITALS  IN  INDUSTRIAL  PLANTS 


First  Aid  Service  in  Feder.\l  Building. 
Hosp.  Management,  March,  1922,  13,  No. 
3,  58. — The  government  has  recently  estab- 
lished dispensaries  in  several  federal  build- 
ings in  the  East  and  in  Chicago,  and  has 
now  under  consideration  the  extension  of  this 
project.  The  building  at  Dearborn  and 
Adams  Streets,  Chicago,  a  center  for  about 
7,000  employees,  was  the  first  post-office 
building  to  establish  first-aid  service,  and  in 
the  short  time  it  has  been  operating,  the  serv- 
ice has  given   such   good   results  that  larger 


quartere  are  being  prepared.  During  Feb- 
ruary, 1922,  there  were  3,882  calls  for  dis- 
pensary service,  largely  minor  cases.  First 
aid,  alone,  is  provided  by  the  dispensary  at 
the  present  time,  but  the  service  is  under  the 
direction  of  United  States  Public  Health 
Service  Hospital  No.  30,  which  cares  for  all 
cases  requiring  hospital  treatment.  A 
twenty-four-hour  service  is  provided,  with 
three  .shifts  of  physicians  and  nurses. — G.  E. 
Partridge. 
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Inflitence  of  Industrial  Employment 
UPON  General  Health,  Major  Greenivood. 
(Milroy  Lectures.)  Brit,  Med,  Jour,,  April  29, 
1922,  1,  No,  3200,  667-672;  May  6,  1922,  No, 
3201,  708-713 ;  and  May  13,  1922,  No,  3202, 
752-758. — The  wide  erudition  of  the  lecturer 
is  di.splayed  in  his  references  to  ancient  in- 
dustry drawn,  for  the  most  part,  from  writ- 
ers during  the  Roman  Empire ;  but  not  from 
them,  not  even  from  Galen,  is  information 
forthcoming  as  to  the  influence  of  industry 
upon  the  health  of  the  laboring  classes.  With 
the  single  exception  of  the  writings  of  Ramaz- 
zini  the  search  for  information  proves  fruit- 
less, until  the  industrial  revolution  of  the 
eighteenth  century  had  profoundly  altered 
methods  of  production  and  the  life  of  the 
workers. 

Dr.  Greenwood   is  essentially   an  epidemi- 


ologist, an  expert  in  the  use  of  his  own  meth- 
ods of  inquiry.  First  he  compiles  a  picture 
of  the  health  of  the  working  classes  at  the 
close  of  the  eighteenth  century  and  at  the 
beginning  of  the  nineteenth,  and  then  pro- 
ceeds to  the  Victorian  era,  thus  arriving  at 
the  period  of  reliable  vital  statistics.  Here 
the  time  of  British  industrial  supremacy  is 
found  associated  with  an  improvement  in 
adolescent  moii;ality,  but  with  a  deterioration 
in  adtilt  mortality,  most  pronounced  in  indus- 
trial districts.  Simultaneously  legislation 
was  protecting  the  health  of  adolescents  and 
of  women  by  reducing  their  hours  of  work 
and  improving  conditions  of  labor.  Adult 
mortality  is  found  lagging  behind  and  only 
improves  as  the  survivors  of  the  lessened 
adolescent  mortality  advance  through  adult 
life. 
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At  this  time  English  mortality  is  found  to 
be  higher  than  that  of  non-industrial  Sweden 
up  to  about  40  years  of  age;  after  this  age 
it  is  lower.  Late  in  the  eenturj-  Sweden 
developed  industrially  but  made  little  effort 
to  protect  juvenile  labor;  then  the  position 
was  reversed.  Although  in  both  countries 
some  fall  in  mortality  at  each  age-period  has 
occurred,  today  Swedish  mortality-  exceeds 
that  of  England  iip  to  35  j^ears  of  age,  but 
thereafter  it  is  lower.  The  extremely  unfa- 
vorable position  in  Sweden  between  ages  15 
and  25  is  attributable  to  industrial  employ- 
ment. Modern  industrial  life  connotes  ur- 
banization ;  and  the  influence  of  town  en- 
■^aronment,  as  contrasted  with  rural  condi- 
tions, has  to  be  considered  before  anj-  altera- 
tion noted  may  be  ascribed  to  factorj^  life. 
Hence  the  influence  of  migration  from  coun- 
try to  town  is  reviewed  and  the  suggestion  is 
made  that  adolescent  migration  may  perhaps 
increase  mortalitj'  in  both  populations — rural 
mortality  by  withdrawal  of  those  best  fitted 
to  rural  conditions ;  urban  mortality  by  intro- 
duction of  those  ill  adapted  to  urban  condi- 
tions. 

Tuberculosis  is  taken  as  an  index  disease — 
a  more  delicate  index  of  hi^gienic  comlitions 
than  general  moi-tality ;  and  records  presented 
show  that  now  in  Sweden,  which  today  is  in- 
dustrially at  the  position  where  England  stood 
fifty  years  ago,  mortality  from  the  disease  is 
at  its  maximum  for  both  sexes  at  ages  20  to  30 
(instead  of  in  late  adult  life  as  it  was  one 
hundred  years  ago)  ;  whereas  in  England  and 
Wales  it  is  at  its  maximum  for  females  at  ages 
35  to  45,  and  for  males  at  ages  45  to  55.  Sim- 
ilarly in  Japan  where  this  disease  has  tended 
to  increase  in  recent  years,  the  excess  over 
English  rates  is  most  marked  at  ages  20  to  30. 
Four  English  towns — Reading,  Northampton, 
Bolton,  and  Warrington — representing  differ- 
ent industries,  are  closely  contrasted  from  the 
points  of  view  of  climate,  housing,  and  wages ; 
the  evidence  appears  to  sui)i)ort  an  inference 
that  industry  in  eacli  case  accentuates  any  cli- 
matological  tendency  to  disease  already  exist- 
ing, but  no  one  industrial  factor  inimical  to 
life  is  revealed  by  the  investigation. 

The  lecturer  then  proceeds  to  examine  (he 
mortality  of  particular  industries,  using  for 
the  pur))ose  English  ocoipational  data  for 
1910-1912.  Here,  taking  the  mortality  of  the 
clergy  as  a  standard,  he  finds  evidence  from 
the  boot  trade  that  change  of  industry  from 
home  to  factory  has  not  been  relatlrchj  favor- 
able at  earlier  years,  and  has  resulted  in  an 


undue  prevalence  of  phthisis.  Nevertheless  it 
does  not  follow  that  an  industry  of  which 
phthisis  takes  a  heavy  toll  is  an  unhealtlij'  in- 
dustry, since  mortality  from  other  causes  may 
be  lower  than  usual;  nor  does  it  appear  that 
the  problem  of  phtliisis-ridden  industries  is 
exclusively  a  problem  of  the  recruitment  of 
Aveaklings. 

The  reader  is  carried  forward  to  the  con- 
clusions that  the  accepted  ill  effects  of  indus- 
try' are  not  to  be  found  in  specific  unhygienic 
conditions,  but  ratlier  in  the  changes  in 
methods  of  life  imposed  by  modern  industry 
upon  populations  not  yet  accustomed  to 
them.  These  changes  may  be  associated  with 
(1)  alterations  in  diet;  (2)  reduction  of 
bodily  exercise;  and  (3)  the  immediate  ef- 
fects of  atmospheric  change.  Each  of  these 
influences  is  then  discussed;  nutrition  as  a 
factor  determining  'the  result  of  infection  is 
held  to  be  most  responsible ;  bodily  exercise 
calls  for  further  investigation;  but  by  study- 
ing and  remedying  defects  in  ventilation  the 
resistance  of  the  woi'ker  to  the  procatarctie 
factors  of  disease  may  be  strengthened. 

These  lectures  contain  such  a  mass  of  facts 
and  careful  deductions  that  an  adequate  sum- 
mary is  impossible.  Only  reference  to  the 
original  can  give  the  reader  a  full  apprecia- 
tion of  the  writer's  work. — E.  L.  Collis. 

Industri.'LL  Diseases.  T.  M.  Legge.  Ann.  ^"1 
Rep.  Chief  Inspect.  Factories  and  Workshops  ^ 
for  1921.  Cmd.  1705,  1922,  pp.  66-82.— An 
increase  in  the  number  of  medical  inspectors 
is  reported  which  is  permitting  more  special 
investigations  to  be  undertaken,  including  an 
inquiry  in  industries  in  which  there  is  danger 
(if  silicosis  owing  to  exposure  to  dust.  Prob- 
ably owing  to  trade  depression  the  number 
of  notified  cases  of  poisoning  is  lower  than 
for  the  previous  year.  Deaths  from  lead 
jioisoning  have  by  no  means  grown  fewer; 
tiiere  were  twenty-three  in  1921  with  230 
notified  cases,  as  compared  with  an  avei'age 
for  1902-1905  of  twenty-three  deaths  witli 
601  notified  cases.  The  secret  is  that  deaths 
eoneer7i  old  chronic  poisoning  established  be- 
fore modern  preventive  measures  were  adopt- 
ed, while  the  reduction  in  notified  cases  rep- 
resents the  immediate  results  of  these  meas- 
ures. These  results  are  also  to  be  found  in 
lessened  severity  in  the  eases ;  thus  lead  palsy 
was  present  in  only  7.4  per  cent,  in  compari- 
son Mith  12.7  per  cent,  for  the  five  years, 
1910-1914. 

Special  reference  is  made  to  risk  from  us- 
ing the  oxyacetylene  flame  on  painted  steel 
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plates  in  breaking  up  old  battleships;  at  the 
high  temperatures  generated  49  mg.  of  lead 
are  given  oft'  as  fumes  in  ten  cubic  meters  of 
air.  as  comi)ared  wiih  oA  mg.  in  the  process 
of  burning  oif  lead  paint  with  an  ox3-gen  and 
gas  fiame.  At  the  same  process  Dr.  J.  C. 
Bridge  found  men  cutting  galvanized  plates, 
.suffering  from  typical  brass  founders'  ague, 
due  to  inhaling  zinc  fumes  of  which  there 
was  risk  of  inhaling  from  12  to  25  mg.  daily. 

For  a  diminution  in  cases  of  anthrax,  from 
seventy-two  in  1918,  fifty-seven  in  1919,  for- 
ty-eight in  1920,  to  twenty-five  in  1921,  some 
credit  is  given  to  the  inauguration  of  the 
station  for  disinfecting  wool  in  bulk,  at  Liver- 
pool ;  here  material  suspected  of  carrying 
infection,  such  as  Egyptian  wool  and  East 
Indian  goat  hair,  has  to  be  disinfected  on 
imports  before  sale. 

In  the  discussion  of  accidents  from  gassing, 
stress  is  laid  on  the  importance  of  rest  during 
the  rendering  of  first  aid,  and  rescuers  are 
warned  against  walking  victims  up  and  down 
in  their  desire  to  be  "doing  something." 
Artificial  respiration,  warmth  and  rest  are  the 
essentials  of  treatment;  premature  exercise 
maj'  be  fatal.  A  special  inquiry  among  work- 
ers employed  in  aniline  black  dyeing  disclosed 
a  diminution  in  hemoglobin,  a  fall  in  the  num- 
ber of  red  corpuscles  and  of  white  corpuscles 
with  a  relative  increase  in  lymphocytes. 
Anemia  and  pallor  were  present,  and  also 
cyanosis,  lassitude,  and  tremor ;  headache, 
drowsiness,  dizziness,  and  loss  of  appetite 
were  complained  of.  The  symptoms  were 
most  prevalent  at  the  process  of  dry  ageing, 
and  increased  with  the  number  of  hours 
worked  per  week.  Similar  symptoms  were 
also  found  among  men  employed  at  sieving 
paranitraniline. 

The  work  of  certifying  factorj-  surgeons  is 
carefully  reviewed  and  its  value  appraised. 
Extension  of  their  work  is  recommended  from 
merely  dealing  with  certificates  of  fitness  of 
young  persons  to  giving  medical  advice  and 
supervision  of  first-aid  work.  The  chief  med- 
ical reason  for  refusal  to  certify  was  the 
presence  of  pediculosis  even  though  one  officer 
found  it  impracticable  to  reject  for  this  alone, 
since  nits  were  present  in  the  hair  of  about 
30  per  cent,  of  female  workers,  juvenile  or 
adult.  Close  co-operation  is  needed  between 
the  surgeons  and  juvenile  employment  author- 
ities, on  the  one  side,  and  factory  nurses  and 


welfare    supervisors,    on    the    other. — E.    L. 
CoUis. 

Dangerous  Teades.  G.  Stevenson  Taylor. 
Ann.  Rep.  Chief  Inspect.  Factories  and 
Workshops  for  1921.  Cmd.  1705,  1922,  pp. 
33-49. — This  article  deals  with  progress  in 
those  industries  which  on  account  of  some 
special  risk  to  life  or  limb  are  certified  as 
dangerous.  The  writer  points  out  that  active 
co-operation  between  occupiers  and  workers 
is  necessary  to  reduce  the  toll  of  industrial 
diseases  and  accidents. 

The  chief  risk  of  plumbism  in  making  elec- 
tric accumulators  is  found  to  be  in  lead  burn- 
ing processes,  which  can  be  made  safer  by 
efficient  exhaust  ventilation;  vacuum  cleaning 
appliances  are  advantageous  for  removing 
lead  oxide  dust  which  accumulates  inside  the 
shops.  In  dockyard  work  the  main  ri.sk  is 
from  accidents;  safety  devices  on  winches, 
lifting  gear  and  ladders,  together  with  im- 
proved illumination,  are  effecting  improve- 
ments. 

In  cotton  and  woolen  mills  personal  care- 
lessness is  reported  as  causing  accidents  from 
.self-acting  mules,  and  steps  have  been  taken 
to  warn  and  prosecute  workers.  In  contrast 
anthrax  in  the  woolen  trade  is  due  to  infected 
material,  and  only  disinfection  can  remove 
the  risk;  this  is  now  being  undertaken  cen- 
trally at  Liverpool  as  the  wool  reaches  port. 
The  same  applies  to  the  manipulation  of  horse- 
hair ;  and  pressure  is  exerted  to  insure  dis- 
infection of  hair  coming  from  China,  Siberia, 
and  Russia,  but  difficulty  is  frequently  ex- 
perienced in  tracing  the  country  of  origin  of 
some  special  batch  of  hair. 

Dust  removal  and  suppression  in  the  grind- 
ing trade  and  in  the  refractories  industry  are 
better  carried  out  than  hei'etofore;  yei  much 
remains  to  be  done  before  the  risk  of  rilicosis 
is  abolished.  In  various  lead  industries  im- 
provements are  reported ;  by  replacing  com- 
mon tinning  in  tinning  of  hollow-ware  with 
pure  tinning,  exposure  to  lead  fumes  is  dimin- 
ished; on  the  other  hand,  in  making  pottery, 
low  .solubility  lead  glazes  are  replacing  leadless 
glazes,  but  as  the,y  are  also  supplanting  ordi- 
nary lead  glazes,  the  balance  is  on  the  side  of 
lessened  risk ;  improved  furnaces  for  lead 
smelting  are  improving  working  conditions :  a 
new  code  of  regulations  for  the  manufacture 
of  compounds  of  lead,  that  is.  white  lead,  is 
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^vorking  satisfactorily.  Taken  as  a  whole  the 
author  tells  a  story  of  considerable  advance  in 
factory  hygiene. — E.  L.  CoUis. 

Occupational  Hazards  and  Diagnostic 
Signs.  Louis  I.  Dublin  and  Philip  Leiboff. 
U.  S.  Dept.  Labor,  Bur.  Labor  Statis.,  Bull. 
No.  306,  April,  1922,  pp.  31.— The  Mouthly 
Labor  Bulletin  of  the  United  States  Bureau 
of  Labor  Statistics,  March,  1922,  contained 
the  first  edition  of  this  guide  to  the  hazards 
of  occupations  and  to  the  symptoms  of  the 
diseases  which  they  cause. 

A  revised  edition  has  recently  been  pre- 
pared, including  abnormalities  of  tempera- 
ture, compressed  air,  dampness,  dust,  extreme 
light,  infections,  poor  illumination,  repeated 
motion,  pressure,  shock,  etc.,  and  the  poisons. 

In  preparing  this  revision  the  whole  litera- 
ture of  industrial  hygiene  has  been  carefully 
examined,  and  the  larger  number  of  the  more 
important  occupations  and  hazards  arc  now 
included. — -M.  C.  Hamblet. 

Factory  Inspection  in  Sweden  in  1920. 
Reviewed  from  Kungl.Socialstyrelsen  :  Yrkes- 
inspektionens  verksamhet,  ar  1920,  pp.  1.51 : 
Stockholm,     K.     L.     Beckmans    Boktryekeri, 

1921,  in     Internat.     Labour     Rev.,     June, 

1922,  5,  No.  6,  1004-1007.  — The  indus- 
trial inspection  service  of  Sweden  is  re- 
sponsible for  the  supervision  of  all  em- 
ploj-ment  except  home  work  and  nau- 
tical work.  The  central  staff  is  aided  by 
communal  inspection  authorities  who  oversee 
commercial  and  small  industrial  establish- 
ments. In  1920  there  were  also  ten  special 
inspectors.  The  total  number  of  workplaces 
on  the  registers  in  this  year  was  44,310.  In 
all,  notices  of  defects  were  sent  to  2,734  occu- 
piers, and  proceedings  were  taken  in  regard 
to  374  separate  contraventions.  Many  of 
these  notices  related  to  the  employment  of 
young  persons,  especially  to  the  failure  to 
notify  of  their  employment  or  to  see  that  they 
had  the  required  certificates.     Some  difficulty 


was  experienced  by  the  inspectors  in  explain- 
ing the  new  legal  provisions  respecting  hours 
of  work,  and  various  problems  of  adjustment 
in  this  respect  were  met. 

The  accident  returns  are  far  above  the  pre- 
war figures  because  of  the  change  in  the  basis 
on  which  the  statistics  are  compiled.  For  the 
year  there  were  reported  37,195  accidents,  in- 
cluding 348  fatalities,  in  industry ;  and  2,110, 
with  twelve  fatalities,  in  mining.  In  general 
the  causes  of  accidents  are  not  tabulated,  but 
it  is  stated  that  agricultural  machines  caused 
205  accidents  of  which  eight  were  fatal,  and 
that  982  persons  were  injured,  eight  iatally, 
loading  or  unloading  vessels.  There  were 
2,171  accidents  on  railways,  of  which  thirty- 
three  were  fatal.  Half  of  the  fatalities  oc- 
curred in  shunting  and  coupling.  In  connec- 
tion with  electrical  installations  there  were 
sixty-four  accidents,  of  which  twenty-three 
were  fatal.  Most  of  the  more  notable  acci- 
dents were  due  to  the  explosion  of  steam 
boilers. 

In  connection  with  safety  and  hj^giene,  the 
report  contains  many  illustrated  notes.  Es- 
pecially useful  devices  are  described;  .-md  also 
model  installations,  such  as  ventilation  and 
dust-extracting  systems,  workers'  lavatories 
and  a  guard  for  calender  roUs.  Dock  work 
is  given  a  special  place  in  the  report  .ind  it 
is  said  that  there  has  been  a  distinct  improve- 
ment in  the  supervision  and  testing  of  lifting 
apparatus. 

There  are  returns  on  the  medical  examina- 
tion of  young  persons.  In  1920  there  were 
44.965  persons  under  18  years  of  age  recorded 
as  being  employed.  Of  these  2.4  per  cent, 
were  found  to  have  deformities  or  o'itward 
defects ;  1.6  per  cent,  had  heart  troubles ;  and 
1.2  per  cent,  defects  of  vision.  In  many  cases 
change  of  work  was  recommended  and  all 
employment  was  proliibited  for  15  per  cent, 
of  the  tuberculous  cases.  Criticism  is  made 
of  the  living  conditions  of  the  forest  workers. 
— G.  E.  Partridge. 
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Preventive  Measures  Effective  i.\  C.u<- 
DIAC  DiSE.v.SES.  Louis  I.  Harris.  Nation's 
Health,  Feb.  15,  1922,  4,  No.  2.  74-77.— In 
campaigns  against  preventable  diseases,  one 


should  not  place  too  much  confidence  in  the 
idea  that  education  by  itself  will  remedy  con- 
ditions. P^conomic  pressure,  as  well  as  ignor- 
ance and  indifference,  tends  to  render  advice 
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alone  ineffectual.  Those  who  cannot  afford 
to  be  examined  by  their  own  private  physi- 
cians should  be  examined  at  the  nearest 
Health  Department  clinic.  The  public  must 
be  persuaded  to  support  more  clinics  and 
larger  personnel,  and  to  make  possible  the 
expansion  of  preventable  disease  work  so  that 
it  will  not  be  limited  as  at  present  to  the  pre- 
vention of  tuberculosis  alone. 

Some  method   of  vocational   gruidance   and 


placement  should  be  organized  for  persons  of 
adolescent  years  who  are  about  to  enter  in- 
dustry, in  order  that  those  suffering  from 
cardiac  defects  may  be  safeguarded.  Those 
whose  work  involves  marked  fatigue  should 
work  fewer  hours  and  should  rest  during  cer- 
tain prescribed  periods.  Cardiac  patients 
under  mental  strain  should  be  closely  watched. 
Cardiac  hou.sewives  should  receive  the  assist- 
ance of  paid  day-helpers. — L.  A.  Shaw. 


POISONOUS  HAZARDS  AND 
CHEMIC 

Observations  and  Experiences  with  Cases 
OF  Cabbon  Monoxide  Poisoning  in  the  Mine- 
Damp  Explosion  in  the  Frieden  Mine  at 
Oelsnitz.  W.  Gorn.  Zentralbl.  f.  Gewerbe- 
hyg.,  April,  1922,  10,  No.  4,  97-107.— Detailed 
case  reports  are  given  for  the  seventeen  men 
injured  in  this  explosion.  The  cases  are  di- 
vided into  three  groups:  the  first  showed  car- 
bon monoxide  in  the  blood,  and  had  objective 
but  not  obvious  neurological  symptoms ;  the 
second  group  had  severe  burns  in  addition ; 
and  the  third  had  severe  enough  effects  of 
the  carbon  monoxide  and  the  burns  to  cause 
great  damage  to  the  central  nervous  system 
and  the  circulation.  In  three  ca-ses  large 
amounts  of  inspired  or  swallowed  coal  dust 
may  have  been  an  additional  factor.  The 
burns  seemed  to  be  the  major  cause  of  death. 

The  symptoms  displaj'ed  were  excitement 
followed  by  apathy,  thirst,  and  retrograde 
amnesia.  There  were  no  paralyses  or  convul- 
sions observed.  The  disturbance  of  the  pupil- 
lary reaction  seemed  a  criterion  of  the  sever- 
it}^  of  the  effect  of  carbon  monoxide  on  the 
nervous  system.  Gorn  argues  at  length  that 
the  damage  caused  by  carbon  monoxide  is  a 
direct  intoxication  of  the  nerve  cells,  and  is 
not  merely  due  to  replacement  of  oxygen. 

Treatment  consisted  in  intravenous  injec- 
tion of  adrenalin  and  strophanthin  to  stimu- 
late circulation.  Camphor  was  found  inef- 
fective. Oxjgen  was  given  by  the  Draeger 
apparatus,  but  was  evidently  not  considered 
useful.  Other  possible  lines  of  therapy  are 
discussed. — E.  L.  Sevringhaus. 

Unilateral  Flaccid  Paralysis  Following 
Carbon  Monoxide  Poisoning.  Jaksch  v. 
Wartenhorsf.     Wien.   klin.   Wchnschr.,   1922, 


THEIR  EFFECTS:    GASES, 
ALS,  ETC. 

35,  262. — At  least  three  such  cases  have  come 
under  the  observation  of  the  author.  There  is 
evidence  of  severe  brain  lesions.  All  showed 
(1)  rise  in  temperature,  (2)  leukocytosis,  and 
(3)  transitory  glycosuria. — B.  Cohen. 

The  Tannic  Acid  Method  fob  the  Quan- 
titative Determination  op  Carbon  Monox- 
ide in  the  Blood.  R.  R.  Saijers  and  W.  P. 
Yant.  U.  S.  Bur.  Mines,  Rep.  Investigations, 
Ser.  No.  2356,  May,  1922,  pp.  7.— The  authors 
summarize  as  follows : 

"We  believe  the  method  described  is  par- 
ticularly adapted  to  the  requirements  for  de- 
termination of  poisoning  by  CO  gas.  It  can 
be  used  for  either  a  quantitative  estimation  or 
in  the  absence  of  a  set  of  standards  it  can 
be  used  as  a  qualitative  test,  the  comparison 
in  the  latter  being  made  with  a  single  stand- 
ard immediately  prepared  from  0.1  c.c.  of 
the  blood  of  an  unexposed  .subject  (very  con- 
veniently the  person  making  the  test).  As 
support  of  the  foregoing,  the  following  con- 
clusions are  offered : 

"1.  The  small  quantity  of  blood  needed 
can  easily  be  obtained  without  objection  on 
the  part  of  the  patient. 

'"2.  The  solutions  used  are  cheap,  common, 
and  easily  made.  The  apparatus  used  is  sim- 
ple and  inexpensive. 

■'3.  The  actual  time  of  making  an  analysis 
is  not  more  than  3  minutes,  and  results  can 
be  obtained  in  8  to  10  minutes. 

"4.  The  accuracy  is  well  within  the  re- 
quired limits. 

"5.  No  great  skill  or  special  training  is 
necessary  for  securing  good  results. 

"6.  The  method  automatically  corrects  for 
any  dissociation  of  carbon  monoxide-hemo- 
globin due  to  the  dilution  with  water. 
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■'7.  Tlie  results  are  more  easih"  obtained, 
and  are  as  a  whole  more  dependable  than  with 
any  other  method  tried." — ]\I.  C.  Shorley. 

Physiological.  Effects  op  Exposure  to 
Low  Concj<:ntrations  of  Carbon  Monoxide. 
R.  K.  Smjen;,  F.  V.  Meriwether,  and  IV.  P. 
Yant.  U.  S.  Pub.  Health  Ser.,  Pub.  Health 
Rep.,  May  12,  1922.  37,  No.  If).  1127-1142.— 
The  conclusions  drawn  from  this  investigation 
are : 

'"1.  The  combination  of  CO  with  hemo- 
globin takes  place  slowly  when  the  subject  is 
exposed  to  low  concentrations  and  remains  at 
rest,  many  hours  being  required  before  equi- 
librium is  reached. 

"2.  The  combination  of  CO  with  hemo- 
globin takes  place  much  more  rapidly  during 
the  first  hour  of  exposure  than  during  any 
succeeding  hour,  with  the  subject  remaining 
at  rest. 

"3.  Strenuous  exercise  causes  much  more 
rapid  combination  of  CO  with  hemoglobin 
than  when  the  subject  remains  at  rest.  The 
symptoms  of  CO  i)oisoning  are  emphasized 
by  exercise. 

"4.  High  temperature  and  humidity,  with 
a  given  concentration  of  CO,  cause  more  rapid 
combination  of  CO  with  hemoglobin  than  do 
normal  conditions  of  temperature  and  hu- 
midity. 

' '  All  symptoms  and  effects  described  in  this 
paper  are  called  acute  in  character.  None  of 
the  subjects  has  shown  any  permanent  dele- 
terious effects  from  exposure  to  CO." — B. 
Cohen. 

Pathologicax,  Lesions  Produced  in  the 
Kidney  by  Small  Doses  op  Mercuric  Chlor- 
ide. M.  L.  Merit  en.  Jour.  Med.  Research. 
June-July,  1922,  43,  No.  3,  315-319.— The 
author  summarizes  as  follows: 

"Intravenous  injections  of  mercuric  chlor- 
ide in  amounts  as  low  as  0.00002  gr.  per  kg. 
of  weight  cause  microscopical  pathological 
changes  in  kidney  and  liver  of  the  rabbit. 
These  lesions  are  well  defined  five  minutes 
subsequent  1o  the  termination  of  the  injec- 
tion." 

Inhalation  of  Petrol.  A.  W.  Hf.  Ledger. 
Abstracted  as  follows  from  Med.  Jour.  Aus- 
tralia, March  18,  1922,  1,  No.  11,  in  Jour. 


Am.  Med.  As.sn.,  May  27,  1922,  78,  No.  21, 
1668. — "Wliile  attempting  to  clear  the  petrol 
(gasoline)  pipe  of  his  car,  Ledger's  patient 
had  sucked  a  considerable  amount  into  his 
mouth.  As  this  happened  he  caught  his 
breath  and  some  of  it  went  down  the  wrong 
way.  Immediately  he  had  an  acute  pain  in 
the  right  hypochondrium,  .stabbing  and  col- 
icky in  character,  and  much  increased  by  res- 
piration. The  respiration  was  .short  and  jerky 
and  his  breath  smelt  distineth*  of  petrol. 
There  was  no  cyanosis  or  coughing.  The  res- 
piratory movement  seemed  inhibited  on  the 
right  side.  The  epigastrium  was  rigid  and 
immobile.  The  rigidity  was  pronounced  and 
accompanied  by  distention  and  tympany. 
There  had  been  no  vomiting.  Six  hours  after 
admission  he  commenced  coughing ;  the  spu- 
tum was  tinged  with  blood.  The  hemoptysis 
increased  and  with  the  increase  of  the  pul- 
monary sigas  the  abdominal  signs  became  less 
definite  and  the  picture  changed  to  an  acute 
pleuritic  condition.  Subsequently  a  marked 
effusion  occurred  and  persisted  for  fourteen 
days.  The  f  uid  was  gradually  ab.sorbed;  tap- 
ping was  not  necessary.  This  case  is  of  in- 
terest from  the  comparative  rarity  of  its  cause 
and  the  acute  and  confusing  signs  that  result- 
ed. Ledger  regards  the  hemoptysis  as  due  to 
a  mechanical  distention  of  the  bronchioles, 
brought  about  by  sudden  volatilization  of 
aspirated  petrol.  The  abdominal  signs  were 
evident!}-  referred  through  the  ;intercostal 
nerves ;  the  pleuritic  effusion  was  secondary 
to  the  trauma." — C.  K.  Drinker. 

Lead  Poisoning.  F.  He  hit,  E.  Agasse-La- 
font,  and  A.  Fell.  Abstracted  as  follows  from 
Bull,  med.,  Paris,  ]\Iareh  18,  1922.  36,  No.  12. 
223,  in  Jour.  Am.  Med.  Assn.,  May  6,  1922, 
78,  No.  18,  1424. — ''Heim  and  his  co-workers 
describe  the  two  findings  which  warn  of  in- 
juiy  from  lead  even  before  the  plumbism  is 
well  established.  The  number  of  leukocytes  is 
usually  normal,  but  about  40  per  cent,  may  be 
monoiHiclears.  The  erythrocyte  figure  is  also 
normal  in  the  presaturnism  phase.  When  the 
workmen  are  once  saturated  with  lead, 
there  is  pronounced  anemia,  which  is  very 
slow  in  receding,  even  when  there  is  no 
further  contact  wath  lead.  The  erj'throcytes 
may  show  a  basophil  plasma  or  basophilic 
granules,   and   the  latter  is  the  earliest   and 


ABSTRACTS 


105 


most  constant  sign  of  injury  from  lead.  They 
liave  found  it  in  50  per  cent,  of  all  persons 
exposed  to  lead  poisoning-,  regardless  of 
whether  they  showed  any  signs  of  plumbism 
or  not.  This  liasjphilic  granulation  is  not 
found  outside  of  lead  poisoning  except,  in- 
constantly, in  very  severe  anemia  or  certain 
grave  intoxications.  The  granules  show  as  fine 
black  spots,  some  as  fine  as  dust,  others  a 
little  larger,  scattered  irregularly  through 
the  protoplasm.  The  other  pathognomonic 
finding  is  the  presence  of  lead  in  the  urine, 
but  the  technic  required  to  detect  it  is  tedious, 
even  with  electrolysis  and  the  colorimeter. 
They  never  found  any  lead  in  100  normal 
urines  tested,  while  it  is  constantly  present 
in  lead  poisoning,  as  a  large  proportion  of 
the  lead  is  eliminated  through  the  kidneys. 
The  spinal  puncture  fluid  maj^  also  show  the 
presence  of  lead:  in  one  of  their  cases  this 
first  explained  a  puzzling  brain  affection." — 
C.  K.  Drinker. 

Mea.sures  for  the  Protection  of  the 
Health  of  Workers  in  Lead-Color  Fac- 
tories, AND  OF  Painters  in  Germany  in 
1920-1921.  K.  B.  Lehmann.  Zentralbl. 
f.  Gewerbehyg.,  Feb.,  1922,  10,  No. 
2,  46-51.  —  Following  an  investigation 
made  at  the  invitation  of  owners  of 
white  lead  factories,  the  author  reports  these 
observations.  In  regard  to  the  hygiene  and 
technical  protection  of  workers  there  was 
evidence  of  great  care.  He  considers  that  the 
chief  risk  now  occurs  at  times  when,  through 
the  failure  of  a  machine  to  function  properly, 
lead  dust  escapes  into  the  air,  and  that  the 
danger  is  rather  to  those  persons  who  make 
small  repairs  about  the  plants. 

The  general  appearance  of  the  workers  was 
good.  Lehmann  considers  this  condition  due 
to  the  wartime  interruption  of  their  occupa- 
tion, but  he  notes  especially  the  apparent  re- 
sistance of  the  "  old-timers. "    He  summarizes 


his  examination  (which  will  be  published  in 
detail  later)  with  a  table  showing  that  ap- 
proximately 70  to  75  per  cent,  of  the  workers 
displayed  no  distinct  signs  of  lead  effect.  In 
considering  his  table  he  emphasizes  the  fact 
that  27  per  cent,  of  the  workers  were  50  years 
oc  age.  He  closes  with  a  table  showing  the 
reduction  of  cases  of  sickness  and  of  sick 
daj's  from  15  per  cent,  and  3.3  sick  daj's  in 
1912  to  1914,  to  3.6  per  cent,  and  0.75  sick 
days  in  1919  to  1920.  These  figures  are  based 
upon  the  records  of  full-time  workers.  He  re- 
gj;rds  this  reduction  as  due  to:  (1)  strict 
government  legislation  discussed  in  1912  and 
carried  into  effect  in  1920  (the  making  of 
pulp  lead  instead  of  lead  ground  in  oil,  dust 
protection,  mechanical  packers,  and  leaflets 
for  workers,  etc.)  ;  (2)  improved  status  of 
workers  and  lessened  turnover;  and  (3) 
greater  care  in  the  diagnosis  of  lead  poisoning 
through  the  education  of  factory  physicians. 
In  general  the  author  thinks  that  dangers 
to  white  lead  workers  have  decreased  and  can 
be  still  further  reduced  by  the  conscien- 
tious application  of  the  most  recent  informa- 
tion regarding  lead  poisoning.  Hazards  in  the 
painter's  trade  are  considerably  less  than  rep- 
resented in  many  statistics. — J.  W.  S.  Brady. 

Tetralin  Poisoning  in  Painters.  Alfred 
Arnstein.  Wien.  klin.  Wchnschr.,  1922,  35, 
No.  21,  488. — Two  paintere  were  at  work  in  a 
bank  vault  for  three  days.  Tetralin  (tetra- 
h.vdronaphthalene)  caused  early  irritation  of 
the  mucosa,  also  headache  and  stupor.  The 
most  striking  .symptom  was  a  dark  green  col- 
oration of  the  urine.  The  symptoms  disap- 
peared when  the  men  stayed  away  from  the 
work. 

Tetralin  is  used  a  great  deal  in  industrj-  as 
a  substitute  for  turpentine.  Among  other 
things,  it  is  used  in  the  preparation  of  floor 
wax,  and  it  thus  offers  opportunity  for  the 
poisoning  of  many  people. — B.  Cohen. 


OCCUPATIONAL  INFECTIOUS  DISEASES:    OCCUERENCE. 
TREATMENT  AND  PREVENTION 


Occupational  Injuries  to  the  Mouths 
AND  Teeth  op  Glass  Blowers.  Hans  Rei- 
chert.  Zentralbl.  f.  Gewerbehyg.,  Jan.,  1922, 
10,  No.  1,  1-7. — The  author  emphasizes  the 
fact  that  accounts  of  the  investigations  of 
specific  dangers  to  the  mouths  and  teeth  of 


glass  blowers  have  been  neglected  in  liter- 
fiture.  The  author's  investigation  of  the  glass 
blowing  industry  is  confined  to  the  injuries  of 
the  mouths  and  teeth  of  workers,  and  dis- 
closes the  following  observations : 

1.     There  occurs  frequent  transmission  of 
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lues  and  tuberculosis,  not  to  mention  usual 
mouth-throat  infection,  from  the  use  of  a 
common  mouthpiece  on  the  blowing  pipe. 

2.  The  formation  of  large  furrows  or 
pockets  in  the  mucosa  of  the  cheeks  is  due  to 
overdistention  by  blowing.  This  is  found  in 
about  90  per  cent,  of  all  workers  examined. 

3.  Pneumatocele  of  Stenson's  duet  and 
the  parotid  is  found  in  12  per  cent,  of  all 
examined. 

4.  The  teeth  are  damaged.  The  author 
describes  and  illustrates  with  a  photograph 
a  characteristic  abrasion  of  the  incisors  — 
esnecially  the  two  upper  centrals  —  produced 
by  rotation  of  the  pipe  while  blowing.  He 
discusses  the  resultant  injury  to  the  appear- 
ance, speech,  and  the  digestive  tract. 


Further  injury  is  the  loss  of  teeth  caused 
by  the  '"kick"  backward  when  blown 
glass  bursts.  In  addition  sideways  displace- 
ment and  rotation  of  teeth  from  constant 
pressure,  Assuring  of  the  enamel  and  an  un- 
usual amount  of  caries,  which  he  considers 
due  to  a  high  iron  content  of  the  saliva  from 
the  iron  pipe,  are  common  among  the  workers. 

In  conclusion  he  suggests  the  use  of  an 
individual  mouthpiece  of  some  softer  material 
te  protect  mouth  infection ;  the  replacement 
of  injured  teeth  by  false  ones;  and  prophy- 
laxis against  caries.  The  problems  of  abrasion 
ai.d  displacement  of  the  teeth  are  not  at  pres- 
ent to  be  solved.  The  article  ends  with  an 
excellent  list  of  references. — J.  W.  S.  Brady. 


OCCUPATIONAL   AFFECTIONS    0  F  THE  SKIN  AND  SPECIAL  SENSES 


Le  Bouton  d'Huile.  And  Forms  of  Oc- 
cupational ACNEIFORM  FOI  LUITLITIS.  FavJ 
Blum.  Bull,  de  I'inspection  de  travail.  1920, 
Nos.  3-6,  321-346.— A  condition  of  the  skin  is 
described  among  metal  workers  in  ammuni- 
tion works  in  St.  Denis,  popularly  called  by 
the  occupier  and  worker  houton  d'huile,  or 
oil  pimple. 

This  condition  was  first  described  by  Pur- 
don  of  Belfast  in  1867  in  young  girls,  cleaning 
and  oiling  spindles,  and  later  by  Leloir  at 
Lille  in  1889  among  spinners  in  cotton  mills. 
The  latter  thought  that  it  was  due  to  a  tarry 
resinous  .substance  in  solution. 

In  1901  Dubreuilh  described  a  case  of  in- 
dustrial acne  due  to  contact  with  mineral 
oil  in  an  iron  worker,  who  plunged  metal 
plates  into  mineral  oil  and  then  carried  them 
to  a  stamping  machine;  he  considered  it  a 
srecial  form  of  acne  and  the  first  .stage  of 
a  disease  of  increasing  gravity,  .such  as  is 
f  iund  in  petroleum  refiners. 

According  to  Dr.  Blum's  researches  in  shell 
factories  and  engineering  works,  the  oil  is 
only  a  vehicle,  although  the  quality  of  oil  is 
important;  soluble  oil  is  harmless,  whereas 
pure  mineral  oils  and  lard  oil  are  more  harm- 
ful than  vegetable  oils.  The  disease  occurs 
more  frequently  where  oil  is  used  in 
abundance  and  is  recovered  for  further  use. 
The  true  cause  is  the  dust  contained  in  the 
oil.  The  action  is  mechanical,  chemical,  and 
inflammatory,  with  secondary  infection  pro- 
duced by  microbes  from  the  dust,  fi-om  re- 


cdvei-ed    oils,    from   the   skin,    and   from    the 
worker's  clothing. 

Dr.  Blum  proposes  to  give  to  this  affection 
the  name  follicular  elaiokoniosis  (from  the 
Greek  words  for  oil  and  dust).  The  onset  is 
slow  and  first  manifests  itself  in  three  or  four 
weeks,  but  occasionally  in  fifteen  days,  by 
moderate  itching.  At  this  period  papules  are 
rare,  but  some  black  specks  on  the  back  of  the 
hands  and  a  few  scratches  on  the  forearm 
may  be  seen.  He  describes  the  following 
stages : 

Stage  1. — ^FoUicular  punctuation  (called 
by  Thibierge  "inking'"  of  follicles).  The 
black  sjiots  are  not  superficial  and  cannot  be 
removed  by  soap  and  brush.  The  typical  po- 
sition is  on  the  dorsum  of  the  fingers,  hands, 
and  foreanns;  but  occasionally  on  the  abdo- 
men, as,  for  instance,  when  a  worker  carries 
a  shell ;  and  rarely  on  the  lower  limbs,  where 
the  rubbing  of  the  trousers  soon  makes  it 
liai)ular  and  pustular ;  and  more  rarely  on  the 
forehead  and  cheek. 

Stage  2. — Pseudo-comedo  or  "false  acne" 
with  hyperkeratosis  of  the  follicular  orifice. 
The  black  part  consists,  not  of  keratin  as  in 
true  acne,  but  of  a  mixture  of  metallic  dusts 
and  inflanuuatory  cells.  The  tyjiical  position 
is  first  on  the  front  of  the  forearm  and  then 
on  the  hands.  Iron,  chrome,  zinc,  nickel,  and 
copper  have  been  found  in  the  pseudo- 
comedo,  also  staphylococci,  and  very  rarelj' 
streptococci,  but  never  coccobacilli. 

Stage  3. — Papular  perifolliculitis,  which  is 
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slightly  itchy  and  of  a  dull  red,  violet,  oi- 
coppery  color.  The  conditions  may  remain  at 
this  stage. 

Stage  4. — Papulopustular  pus  may  escape 
or  a  boil  may  form.  The  different  stages  are 
rare  in  the  same  subject  at  one  time. 

For  the  purpose  of  differential  diagnosis 
in  various  stages  the  following  must  be  borne 
in  mind:  burns  from  boiling  oil,  impetigo, 
scabies,  impregnation  by  coal  dust,  pityriasis 
rubra  (but  this  lasts  for  a  long  time),  true 
acne,  phthiriasis,  syphilis,  and  tuberculosis  of 
the  skin,  variola,  skin  lesions  caused  by  drugs 
(such  as  iodides  and  bromides)  or  by  occupa- 
tion. In  connection  with  the  latter  he  men- 
tions acneiform  folliculitis  caused  by  cade 
oil,  beech  oil  and  birch  oil,  by  cement,  by  dis- 
tillation of  coal  tar,  especially  in  paraffin 
workers,  and  he  asks  whether  this  is  due  to 
the  paraffin  or  heavy  oils  which  keep  in  sus- 
pension such  irritants  as  caustic  soda. 

He  discusses  chimne.v-sweeps '  cancer, 
which  he  says  is  rarer  in  France  than  in 
England,  probably  because  less  coal  is  used 
in  France  and  also  because  it  has  been  sub- 
jected to  a  separation  process,  and  mentions 
that  Bayet  was  struck  by  the  analogy  to 
chronic  arsenical  poisoning. 

He  describes  the  lesions  in  so-called  chlo- 
ride acne  of  makers  of  chloride  of  lime  or 
soda  by  electrolysis,  with  papules  and  pig- 
mented spots  on  the  face,  neck,  trunk,  limbs, 
and  scrotum,  usually  accompanied  by  gastric 
and  pulmonary  disturbances,  where  the  action 
is  internal  and  external,  the  chloride  being 
eliminated  by  the  glands  and  the  hypochlo- 
rite of  soda  inflaming  the  orifice  of  the  se- 
baceous glands. 

The  mechanical  theory  of  acne  of  Virchow 
and  Kaposi  is  opposed  by  the  French  School, 
on  the  ground  that  talc  dust  rarely  gives 
trouble,  and  workers  in  aluminum  bronze 
powders  get  only  an  eczematous  dermatitis. 
and  workers  in  sulphur,  saltpetre  and  bi- 
sulphide of  arsenic  do  not  get  aeneifoi"m 
folliculitis. 

The  treatment  of  elaiokoniosis  is  by  soap 
and  water,  and  by  cai'eful  massage,  in  order 
to  express  the  contents  of  the  follicles.  The 
open  orifice  of  the  follicles  should  then  be 
touched  with  iodine,  followed  by  the  applica- 
tion of  a  lotion  containing  sulphur,  glycerine, 
and  possibly  camphorated  alcohol,  which 
must   be   allowed   to   dry   on.     For  the  boils 


tin  oxide  may  be  given  internally. 

From  a  medico-legal  aspect,  everything 
points  to  its  being  an  occupational  disease  and 
iiot  an  accident. 

As  a  preventive  measure,  wash  basins,  soap, 
and  brushes  should  be  provided,  also  clean 
overalls  (preferably  impermeable),  which 
.should  be  the  property  of  the  workers 
and  should  not  be  passed  from  one  per- 
son to  another,  and  there  should  be 
a  cloakroom.  Clean  oils  should  be  pro- 
vided and  not  used  to  extinction  by  con- 
tinued recovering.  Chassevant  has  persuaded 
occupiers  to  wash  recovered  oil  with  alkaline 
solution  and  to  filter  it.  Dr.  Blum  lays  stress 
on  the  value  of  medical  supervision  in  the 
factory. — S.  A.  Henry. 

A  Form  op  Industrial  Dermatitis.  Allison 
D.  McLachlan.  Glasgow  Med.  Jour.,  April, 
1922,  p.  212. — This  dermatosis,  caused  by  the 
cutting  compounds  used  in  engineering 
works,  affected  seven  out  of  200  operatives 
examined  by  the  writer.  He  feels  sure  that 
not  a  few  other  cases  escaped  his  notice  and 
that  such  eases  are  frequently  overlooked  by 
industrial  surgeons,  or  else  are  usually 
grouped  under  the  general  heading  of  septic 
sores. 

The  lesions  are  symmetrical,  are  seen  in  the 
interdigital  spaces,  on  the  backs  of  the  hands 
and  the  cuff  areas  of  the  forearms.  They  are 
usually  ill  defined,  slightly  raised,  infiltrated, 
itching,  red,  scaly  patches,  or  may  develop 
as  vesico-pustules  or  bullae.  ilcLachlan  finds 
them  most  rebellious  to  treatment  unless 
work  is  suspended. 

On  analysis,  he  found  that  these  cutting 
compounds  consisted  essentially  of  an  emul- 
sion of  soap,  oil  (mineral),  and  water.  As 
the  same  fluid,  by  pumping,  is  made  to  cir- 
culate so  as  to  cool  and  lubricate  certain 
parts  of  each  machine  and  then  fall  into 
open  trays,  it  becomes  freely  contaminated. 
The  writer  examined  the  bacterial  content  of 
his  own  samples  and  gave  the  recorded  find- 
ings of  other  investigators  also.  He  arrived 
at  the  conclusion  that,  at  the  present  time, 
bacteriological  evidence  only  warrants  our  be- 
lief that  the  organisms  found  may  be  a  source 
cf  secondary  infection  which  is  initiated  by 
the  chemical  and  physical  properties  of  the 
oil.  etc. 

Among    other    oliservations   he    emphasizes 
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the  following:  That  the  condition  noted 
arises  solely  from  occupation;  that  the  af- 
fection is  of  more  frequent  occurrence  than 
is  generallj-  supposed;  that  personal  and 
occupational  hygiene  are  important ;  that  the 
employees  should  refrain  from  using  oih' 
rags,  and  should  make  use  of  the  conveniences 
provided  for  cleansing  purposes. — K.  Prosser 
White. 

A  Case  op  Apparent  Cataract  Following 
Injury  with  Copper  Fragment.  Alois 
Hingcr.  Wieii.  klin.  Wchnschr.,  1922,  35,  No. 
17,  474-475. — The  slight  clouding  of  the  lens 
had  the  sunflower  form,  grayish  color  and 
transparency  typical  of  the  copper  injuries 
previously  described.  There  was  no  direct 
damage  to  the  lens,  and  presence  of  the  for- 
eign body  within  the  eye  was  established.  The 


fragment  was  not  removed  and  therefore 
could  not  be  analyzed,  but  the  history  of  the 
case,  its  typical  picture,  and  the  fact  that  it 
remained  inert  in  a  powerful  magnetic  field 
indicate  that  the  material  was  copper. — B. 
Cohen. 

An  Occupational  ARGYRasis  of  Both 
Corneas.  Huhul.  Wien.  klin.  Wchnschr..  1922, 
35,  No.  21,  493. — A  patient,  65  years  of  age, 
acquired  argyrosis  of  both  corneas  from 
brushing  silver  with  a  mixture  of  oil"  and 
pumice.  The  connective  tissues  of  the  lower 
halves  of  both  eyeballs  showed  a  mouse-gray 
silver  impregnation.  The  corneas,  to  the 
deepest  layers,  were  impregnated  in  the  same 
wa.y.  The  yellowish  tinge  observe!  there  sug- 
gests that  the  silver  was  bound  organically.— - 
B.  Cohen. 


OCCURRENCE  AND  PREVENTION  OF  INDUSTRIAL  ACCIDENTS 


Safety.  II.  J.  Wilson.  Ann.  Rep.  Chief 
Inspect.  Factories  and  Workshops  for  1921. 
Cmd.  1705,  1922,  pp.  15-32.— Trade  depres- 
sion is  accountable  for  a  reduction  in  acci- 
dents in  Great  Britain  from  138,773  in  1920 
to  92,565  in  1921.  In  the  textile  trades  clean- 
ing machinery  in  motion  is  a  prolific  cause 
of  accident;  in  all  industries  "falling  bodies" 
and  "persons  falling"  lead  to  nearly  40  per 
cent,  of  serious  cases.  Owing  to  the  action  of 
inspectors,  the  standard  of  fencing  danger- 
points  has  risen,  and  some  forms  of  accident, 
formerly  common — as,  for  instance,  those  on 
the  tin  rollers  of  ring  frames — have  practically 
ceased.  Safety  committees  are  slowly  spread- 
ing and  doing  good  work;  at  one  large  mill 
by  efficient  organization  a  loss  in  1920  )f 
4,235  days  through  accidents  was  reduced  to 
1,225.5  days  in  1921. 

Reference  is  made  to  an  ingenious  device 
for  locking  the  setting-on  rod  of  cotton  mules, 
and  to  an  air  suction  feed  arrangement  for 
platen  printing  machines.  Accidents  on 
power-presses  in  metal  work  were  specially 
investigated ;  the  in(|uirj^  shows  the  large  pro- 
portion due  to  personal  carelessness  eitlier  on 
the  part  of  the  operator  or,  on  account  of 
lack  of  efficient  guard,  on  the  part  of  the 
employer,  and  the  small  proportion  of  un- 
avoidable  accidents.     Another  inquiry   into 


accidents  at  bakers'  dough  machinery  showed 
that  makers  of  such  appliances  were  still  sat- 
isfied to  send  them  out  imperfectly  guarded; 
hence  accidents  on  trough  machines  remain 
as  numerous  and  serious  as  in  pre-war  days. 
On  the  other  hand,  builders  of  cranes  are 
found  to  be  fully  alive  to  the  need  for  sending 
out  cranes  fitted  with  the  newest  safety  de- 
vices, so  that  now  only  an  old  and  primitive 
plant  gives  trouble.  The  same  thing  applies  to 
hoists,  of  which  unfortunately  many  anti- 
quated specimens  exist. — E.  L.  Collis. 

Industrial  Accident  Reporting.  Charles 
H.  Verrill.  Am.  Labor  Legis.  Rev.,  March. 
1922,  12,  No.  1,  67-68.— "It  may  be  stated 
without  hesitation  that  except  where  a  work- 
men's compensation  law  is  applicable,  com- 
I)Iete  accident  reports  cannot  be  secured  and 
should  not  be  expected."  Experience  has 
shown  that  employees  oftentimes  will  not 
make  a  report  of  an  accident,  or  tlie  employer 
does  not  make  a  record  of  an  accident  report- 
ed unless  the  injury  seems  to  be  immediately 
.serious  or  unless  there  is  some  financial  mo- 
tive. Failure  of  laws  requiring  accident  re- 
porting, which  existed  before  the  enactment 
of  workmen's  compensation  statutes,  the  in- 
completeness of  the  reporting  of  short-time 
accidents  causing  disability  for  which  no  com- 


ABSTRACTS 


109 


pensation  is  payable,  and  the  failure  of  laws 
respecting  reporting  of  occupatiinal  diseases 
show  what  is  to  be  expected.  Even  where 
workmen's  compensation  laws  have  been  en- 
acted, accidents  may  not  be  reported  for  sev- 
eral reasons :  Many  industries  are  not  covered 
by  the  compensation  law ;  many  states  exclude 
from  the  compensation  law  employers  with 
less  than  a  specified  number  of  employees; 
short-time  accidents  are  not  covered  by  the 
law  in  most  states — a  provision  which  greatly 
restricts  the  number  subject  to  compensation. 
"This  absence  of  accident  reporting  is  par- 
ticularly unfortunate  in  that  it  limits  accident 
prevention  w-ork  by  withholding  knowledge  of 
the  location,  nature  and  extent  of  accident 
hazards." — ^G.  E.  Partridge. 

\ 
Metal-Mine    Accidents    in    the    United 

States   during  the    Calendar    Year    1920. 

WillUim  W.  Adams.   U.  8.  Bur.  Mines,  Tech. 


Paper  299,  1922,  pp.  99.— This  pamphlet  is  a 
compilation  of  the  accident  statistics  for  all 
metal  mines  in  the  United  States  during  1920, 
showing  causes  and  distribution  of  accidents. 
— M.  C.  Hamblet. 

Quarry  Accidents  in  the  United  States 
DURING  the  Calendar  Year  1920.  William 
W.  Admns.  U.  S.  Bur.  Mines,  Tech.  Paper 
295,  1922,  pp.  66.— This  pamphlet  has  been 
compiled  from  reports  received  directly  from 
operators  of  quarries,  and  represents  all  pro- 
cesses of  the  quarrying  industry.  The  statis- 
tics are  thoroughly  representative,  although 
perhaps  not  complete  for  the  entire  industry. 
Special  tables  are  presented  to  show  accident 
rates  at  quarries  producing  stone,  and  at  tho.se 
producing  crushed  stone.  Special  tables  also 
show  the  cau.ses  of  accidents  attributed  gen- 
erally to  the  use  of  explosives,  haulage  equip- 
ment and  machinerv. — "SI.  ('.  Hamblet. 
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Corrective  Measi-res  in  Disabilities  of 
the  Back.  W.B.Fiak.  Nation's  Health,  May 
1.5,  1922.  -t.  No.  5.  297-299.— In  seven  of  the 
eleven  patients,  whose  ease  reports  Dr.  Fisk 
presents,  the  pain  was  localized  about  the  left 
sacro-iliac  joint ;  in  three,  about  the  right 
sacro-iliae ;  and  in  one,  over  the  fifth  lumbar 
vertebra.  Two  of  the  patients  had  pain  for 
.several  months  before  deformity  was  noticed. 

The  treatment  which  was  applied  "consist- 
ed in  complete  relaxation  under  anesthesia. 
and  with  the  patient  lying  on  his  back  with 
shoulders  fixed  a  slow,  strong  pull  is  made  on 
the  legs.  The  pull  is  steady,  and  is  equal  to  a 
lift  of  seventy-five  to  one  hundred  pounds. 
In  making  the  pull,  the  ankles  are  grasped 
by  the  operator.  I  usually  place  one  foot 
against  the  table  in  order  to  exert  a  strong 
pull.  I  then  turn  the  patient  on  his  abdomen 
and  with  my  helper  working  on  the  opposite 
side,  I  thrust  my  arm  under  the  knee  of  the 
patient,  with  the  forearm  hooked  over  the 
lower  part  of  the  thigh.  My  othei-  hand  rests 
on  the  sacro-iliac  joint.  The  patient's  thigh 
is  then  drawn  downward  and  at  the  same  time 
is  over-extended  on  the  body  while  the  sacro- 
iliac joint  is  pressed  forward. 

"I  never  use  fixation  appliances  of  any 
kind  after  the  stretching  operation." 

"The  deforniity  and  jiain  in  the  back  have 


been  corrected  in  ten  out  of  tlie  eleven  pa- 
tients worked  on.  In  six  .  .  .  the  patient 
after  a  disability  of  from  a  few  weeks  to  four 
months  has  returned  to  work  within  a  week 
after  the  stretching,  and  has  continued  at 
work  without  interruption.  In  three  cases 
the  pain  and  deformity  in  the  back  were  cor- 
rected by  the  stretching,  but  some  discomfort 
over  the  outer  part  of  the  calf  and  sole  of  the 
foot  persisted.  In  one  case  the  pain  and  de- 
formity were  relieved  by  the  stretching.  This 
]5atient  returned  and  continued  at  work  for 
six  months,  when  the  deformity  recurred. 

"In  one  chronic  case  where  there  was  no 
perceptible  deformity,  the  stretching  proved 
of  little  value.  This  was  in  reality  a  test 
case.  I  was  desirous  of  knowing  if  the 
stretching  process  would  prove  of  value  in 
eases  where  there  was  no  deformity." — ^M.  C. 
Shorley. 

Lesions  op  Nerves  in  Arms.  //.  Abraham- 
sen.  Abstracted  as  follows  from  Ugesk.  f. 
Laeger,  March  30,  1922,  84,  No.  13,  295,  in 
Jour.  Am.  Med.  Assn.,  May  20,  1922,  78,  No. 
20,  1582. — "Abrahamsen  says  that  cutting 
wounds  were  responsible  for  the  injury  in 
thirt.v-seven  of  his  fifty-two  cases  of  lesions 
of  the  nerves  in  the  arm.  This  is  the  most 
frequent   cause   of   paralysis   of   the   arm   in 
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adults,  an  open  cut  from  a  knife  or  piece  of 
glass.  Fi'actures  seldom  induce  paralysis.  In 
children,  subcutaneous  injuries  are  more  com- 
mon, and  secondary  paralysis  is  frequent. 
This  may  be  due  to  the  lesser  resistance  of 
the  youthful  nerves  or  to  the  extreme  dis- 
location of  the  fragments  which  is  common, 
but  over-exuberant  callus  is  the  most  fre- 
quent cause  of  nervous  disturbance  in  chil- 
dren. It  is  uecessarj^  therefoi'e  to  distinguish 
between  lesions  in  children  and  in  adults.  He 
emphasizes  the  importance  in  all  injuries  of 
the  arm  near  the  trunk  nerves  of  making  a 
thorough  examination  before  the  operation, 
before  conditions  are  modified  by  the  anes- 
thetic.    Too  often  the  injury  to  the  nerve  is 


overlooked  until  after  the  incision  has  been 
sutured.  The  end-bulbs  have  to  be  resected 
before  the  nerve  can  regenerate.  In  only  nine 
of  the  thirty-seven  cutting  wounds  had  the 
nerve  been  sutured  primarily,  while  in  all  the 
others  (75  per  cent.)  the  injury  of  the  nerve 
had  not  been  discovered  until  local  anesthesia, 
chilliness,  cyanosis,  advanced  atrophy  or  con- 
tracture had  called  attention  to  the  fact  that 
the  nerve  had  been  injured.  The  functional 
damage  resulting  from  this  oversight  of  the 
nerve  lesion  is  often  serious  for  handicrafts- 
men, as  he  shows  by  several  examples,  the  dis- 
ability compensation  amounting  finally  to  20, 
30  or  40  per  cent." — C.  K.  Drinker. 


INDUSTRIAL   PHYSIOLOGY:    NUTRITION,  METABOLISM, 
FATIGUE,  ETC. 


Alcohol  and  Industrial  Efficiency.  U.M. 
Vernon.  Brit.  Jour.  Inebriety,  1921,  18. 
109-123.— (iJeyicw  by  author.)  The  effect  of 
alcohol  upon  manual  dexterity  is  very  greatly 
influenced  by  the  time  at  which  it  is  taken,  in 
relation  to  meals.  Experiments  were  made 
systematically  in  which  a  whiskey  mixture 
containing  45  c.e.  of  ethyl  alcohol  was  taken 
directly  after  a  substantial  meal,  or  from  one 
to  twenty  hours  afterwards.  The  influence 
on  speed  and  accuracy  of  typewriting  was 
measured,  and  the  deleterious  effect  of  the  al- 
cohol taken  directly  after  food  amounted  to 
1.7  per  cent.,  while  it  was  2.5  and  2.9  per  cent, 
when  taken  respectively  one  and  two  hours 
after  eating.  When  taken  three  and  one-half 
hours  after  a  meal,  the  effect  was  7.6  per 
cent.,  or  more  than  twice  as  great  as  before, 
owing  to  the  fact  that  the  stomach  was  prac- 
tically empty  of  food.  After  intervals  of  thir- 
teen and  twenty  hours  the  effect  rose  to  9.8 
and  10.2  per  -cent.  Fatigue  increased  the  ef- 
fects produced,  for  a  two-hour  bicycle  ride 
at  the  end  of  a  thirteen  hours'  fast  increased 
the  typing  mistakes  made  to  19  ()er  cent,  more 
than  those  made  in  the  corresponding  resting 
experiments. 

The  effects  produced  by  30  c.c.  of  alcohol 
disappeared  in  about  two  and  one-iuilf  hours, 
and  those  i)roduced  by  45  c.c.  and  60  c.c.  in 
three  and  one-half  hours  and  four  and  one- 
half  hours,  respectively.     These  i-csuiis  indi- 


cate that  alcohol  was  being  oxidized  in  the 
body  (body-weight  76  kg.)  at  the  rate  of 
about  13  c.c.  i)er  hour. 

Health  Problems  Involved  in  Noise  and 
Fatigue.  Henry  J.  Spooner.  Nation's  Health, 
Feb.  15,  1922,  4,  No.  2,  91-95.— Apart  from 
muscular  fatigue,  the  output  of  a  worker  is 
primarily  affected  by  the  quality  of  the  air 
in  Avhich  he  works,  the  efficiency  of  the  light- 
ing arrangements,  and  the  amount  of  noise 
in  his  vicinity.  Although  fatigue  resulting 
from  noise  attacks  primarily  the  ear,  it  little 
by  little  extends  to  the  whole  nervous  sys- 
tem, in  some  cases  causing  even  greater  weari- 
ness than  that  due  to  muscular  fatigue.  Medi- 
cal authorities  are  agreed  that  noise  is  injuri- 
ous to  health,  and  is  an  undoubted  source  of 
fatigue  and  nerve  strain,  due  chiefly  to  its  in- 
fluence upon  the  faculty  of  attention.  Noise 
is  also  the  greatest  eliemy  of  sleep. 

The  author  gives  a  brief  description  of  the 
ear,  makes  some  remarks  upon  hearing  and 
deafness,  and  draws  attention  to  the  fact  that 
men  working  together  instinctively  tend  to 
work  rhythmically.  Some  of  the  best  known 
ear  protectors  are  described;  certain  truths 
regarding  the  origin  '  and  propagation  of 
sound  are  considered :  and  finally  the  \n-\- 
mary  kinds  of  noise  that  demand  attention 
are  classified. — L.  A.  Shaw. 
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WOMEN  AND  CHILDREN  IN  INDUSTRY 


SUORTCOMINGS  IN   ChiLD  PROTECTION.  Etlu'l 

M.  Johnson.  Am.  Child,  May,  1922,  4,  No.  1, 
49-52. — There  are  many  conditions  of  child 
life  in  Massachusetts  still  in  need  of  correc- 
tion. There  is  a  high  accident  rate  among 
working  children,  and  young  children  are  at 
work  in  the  agricultural  fields.  Massachu- 
setts is  falling  behind  some  of  the  more  pro- 
gressive states  with  regai-d  to  educational 
standards.  Within  a  j'ear  or  two  continuation 
schools  have  been  established  for  children  14 
to  16  years  of  age ;  whereas  in  several  states 
continuation  school  attendance  is  required  of 
all  working  children  up  to  the  age  of  18  years, 
and  for  eight  hours  a  week,  as  compared  with 
the  four-hour  minimum  in  Massachusetts.  Of 
children  under  16  who  go  to  work,  nearly  nine- 
tenths  enter  occupations  that  have  little  or  no 
educational  value.  Job  shifting  is  very  fre- 
quent among  the  younger  workers. 

Efforts  are  made  to  safeguard  children  en- 
tering industrj'  by  requiring  them  to  meet 
certain  minimum  standards  as  to  age,  educa- 
tion, and  physical  fitness.  There  are  restric- 
tions upon  the  processes  and  occupations  at 
which  young  persons  may  work.  But  there 
are  practical  difficulties  and  limitations  in  ex- 
tending this  protection.  The  examination  for 
physical  fitness  may  be  superficial  or  may  be 
omitted  entirely  ;  and  as  this  work  is  now  per- 
formed few  children  are  excluded  from  in- 
dustry because  of  defects.  It  is  difficult  to 
confine  children  to  the  safe  areas  in  industry, 
partly  on  account  of  the  ease  with  which  a 
worker  may  be  changed  from  one  kind  of 
work  to  another,  and  partly  because  of  the 
natural  tendency  of  children  to  be  careless 
and  to  disregard  rules.  Children  are  tempted 
to  try  to  operate  machinery  to  which  they  are 
not  assigned,  and  the  fault  is  therefore  the 
child's,  but  indirectly  the  fault  rests  with  the 
society  that  permits  children  to  be  in  indus- 
try at  an  immature  age. — G.  E.  Partridge. 

International  Child  Labor  Legislation. 
Raymond  G.  Fuller.  Am.  Child,  May,  1922,  4, 
No.  1.  34-38. — The  draft  conventions  of  the 
third  general  conference  of  the  International 
Labor  Organization  of  the  League  of  Nations, 
which  was  held  at  Geneva  last  fall,  contain 
.several  articles  affecting  the  labor  of  children. 
It  is  provided   that   children  under  the  age 


of  14  may  not  be  employed  in  any  public  or 
jirivate  agricultural  undertaking  except  out- 
side the  hours  of  school  attendance ;  and  that 
for  the  purposes  of  practical  vocational  in- 
struction the  periods  of  the  hours  of  school 
attendance  may  be  so  arranged  as  to  permit 
the  employment  of  children  on  light  agricul- 
tural work,  provided  that  such  work  shall 
not  reduce  the  total  amount  of  school  attend- 
ance to  less  than  eight  months  a  year. 

Several  recommendations  were  made:  that 
every  member  of  the  organization  trj'  to  de- 
velop vocational  agricultural  education;  that 
steps  be  taken  to  regulate  the  employment  of 
children  under  the  age  of  14  at  night  work  in 
order  to  give  not  less  than  ten  consecutive 
hours  of  rest ;  and  of  young  persons  from  14 
to  18  so  as  to  provide  not  less  than  nine  con- 
secutive hours.  Measures  to  protect  women 
wage  earners  employed  in  agriculture  were 
advised.  A  draft  convention  was  adopted 
fixing  the  minimum  age  for  the  admission  of 
young  persons  to  employment  as  trimmers  or 
stokers  on  vessels  at  18  years  (with  certain  ex- 
ceptions). Another  convention  provides  that 
the  employment  of  young  persons  under  18 
on  any  vessels  other  than  those  upon  which 
only  members  of  the  same  family  are  em- 
ployed shall  be  conditional  on  the  possession 
of  a  proper  medical  certificate. 

British  Columbia,  Belgium,  Czecho-Slova- 
kia.  Great  Britain,  Greece  and  Roumania  have 
accepted  the  draft  convention  fixing  the  mini- 
mum age  of  admission  to  industrial  employ- 
ment. The  Washington  convention  relating 
to  night  work  of  young  persons  has  been 
adopted  by  Bi-itish  Columbia,  Belgium,  Den- 
mark, Great  Britain,  Greece,  and  Roumania. 
Great  Britain,  Germany,  Italy,  and  Sweden 
have  passed  measures  ratifying  or  giving  ef- 
fect to  the  Genoa  draft  convention  fixing  the 
minimum  age  for  admission  of  children  to  em- 
ployment at  sea. 

"It  should  be  noted  that  although  the  first 
International  Labor  Conference  was  held  in 
Washington  and  the  International  Labor  Of- 
fice has  an  American  correspondent,  the  Unit- 
ed States  is  not  a  member  of  the  League  of 
Nations  and  therefore,  of  course,  does  not 
participate  in  the  affairs  of  the  International 
Labor  Organization  as  a  member  nation." — 
G.  E.  Partridge. 
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INDUSTRIAL    SANITATION:    FACTORY    CONSTRUCTION,    ILLUMINA- 
TION, VENTILATION,  HEATING,WATER  SUPPLY,  SEWAGE  DISPOSAL 


Health  and  Sanitation.  E.  A.  R.  Wcr)U'r. 
Ann.  Eep.  Chief  Inspect.  Factories  and  Work- 
shops for  1921.  Cmd.  1705,  1922.  pp.  55-61.— 
Mr.  Werner  summarizes  the  situation  in  Brit- 
i.sh  factories  in  relation  to  cleanliness,  ventila- 
tion, temperature,  illumination,  and  dust  re- 
moval. .Slackness  of  trade  is  giving  oppor- 
tunity for  cleaning  and  limewashing — 
an  economy  with  regard  to  illumination ;  a 
novel  and  ea.sily  cleaned  floor  is  referred  to. 
composed  of  concrete  as  a  foundation  for  ma- 
chines, and  asphalt  for  passages  and  alley- 
ways ;  lack  of  cleanliness  in  food  factories, 
particularly  in  bakehouses,  is  criticized  and 
the  need  for  exterminating  flies  is  stressed. 
Bakers  seem  adverse  to  cleaning  by  water 
which  cools  the  atmosphere  and  consequently 
checks  fermentation,  but  there  is  no  reason 
why  properly  constructed  floors  .should  not 
be  frequently  scraped.  Progress  is  reported 
in  the  installation  of  enclosed  apparatus — • 
conveyors  and  elevators — for  suppressing 
dust,  and  of  localized  exhaust  ventilation  for 
its  removal.  The  substitution  of  manufac- 
tured abrasive  wheels  (containing  little  or  no 
free  silica)  for  ordinary  sandstone  wheels  is 
welcomed  as  minimizing  the  dust  danger.  In 
the  textile  industries  dust  removal  in  the  open- 
ing processes  and  in  carding  continues  to  be 
improved,  and  the  devices  used  are  being  ex- 
tended to  many  other  industries.  Attention 
to  general  ventilation  lags  behind,  owing  to 
lack  of  appreciation  of  the  need  and  of  ex- 
])ert  knowledge  as  to  means  to  adopt  it.  Tem- 
perature is  better  understood ;  means  for  cool- 
ing men  at  unduly  hot  work  by  air  douches, 
and  better  provision  for  warming  chilly  work- 
rooms are  reported ;  more  enlightened  views 
are  gaining  ground.  On  the  other  hand,  sur- 
prisingly little  attention  is  directed  to  illumi- 
nation, having  regard  to  its  undoubted  eco- 
nomic value;  obsolete  batswing  gas  burners 
still  prevail,  and  in  many  fustian-cutting 
works  the  operatives  still  have  to  provide  their 
own  candles. — E.  Tj.  Collis. 

Labor  Camp  Sanitation  in  California. 
R.  Justin  Miller.  Nation's  Health,  Feb.  15, 
1022,  4,  No.  2,  96-101.— The  Camp  Act  in 
California  lays  down  certain  rules  and  regu- 


lations which  must  be  observed  by  the 
operators  of  workingmen's  camps  in  that 
state  in  order  to  insure  proper  sanitation  and 
a  reasonable  healthful  environment  for  the 
workers.  The  law  calls  for  suitable  bunks  or 
beds  with  an  adequate  supply  of  fresh  air  for 
each  person ;  certain  regulations  must  be 
observed  with  regard  to  the  food  and  the 
manner  in  which  it  is  cooked  and  served; 
bathing  facilities,  toilet  construction,  drain- 
age, and  sewage  must  conform  to  very  definite 
specifications. 

The  enforcement  of  this  act  is  in  the  hands 
of  the  Commission  of  Immigration  and 
Housing  of  California.  Inspectors  are  sent 
out  by  the  Commission  and  a.ssigned  to  de- 
finite sections,  checking  up  the  conditions 
which  they  find.  Their  reports  are  sent  to 
the  main  ofSce  and  instructions  are  despatched 
to  the  camp  operators  informing  them  of 
necessary  changes  to  be  made.  The  system 
has  proved  a  great  success. — L.  A.  Shaw. 

Underground  Workrooms.  H.  Marfindale. 
Ann.  Rep.  Chief  Inspect.  Factories  and 
W^orkshops  for  1921.  Cmd.  1705,  1922, 
pp.  95-107. — This  article  summarizes  the  con- 
ditions found  in  London  in  three  hundred 
underground  workrooms  of  all  sorts  and 
kinds  in  which  a  great  variety  of  trades  were 
being  carried  on.  The  more  modern  premises 
were  of  semi-basement  type  with  ceilings 
above  the  street  level ;  but  the  older  ones, 
never  intended  for  use  as  workrooms,  pre- 
sented structural  conditions  impossible  for 
good  lighting,  ventilation,  and  general  hy- 
giene. In  some  instances  the  only  provision 
for  ventilation  consisted  in  holes  pierced  in 
pavement  lights ;  in  other  eases  fire  flues  car- 
ried off  foul  air  fairly  efficiently;  while  in  7 
per  cent,  mechanically  driven  exhaust  or  in- 
let fans  were  installed.  In  some  cases  air 
movement  only  was  effected  by  open  fans ;  but 
in  only  19  per  cent,  of  the  premises  visited 
was  through  ventilation  impossible.  The 
state  of  the  air,  as  determined  by  carbon 
dioxide  content  and  by  kata-thermometer  ob- 
servations, although  far  from  ideal,  was  found 
less  unsatisfacfor\-  than  niighl  have  been  an- 
ticipated. 
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Lighting  during  daylight  hours  was  not 
good,  and  in  78  per  cent,  of  the  rooms  natural 
light  was  iusufficient  and  required  at  all  times 
to  be  supplemented  by  artificial  illumination ; 
in  several  cases  practically  no  natural  light 
whatever  entered  the  rooms.  Electric  light 
was  the  usual  illuminant ;  but  too  often  un- 
shaded lamps  were  in  use  instead  of  indirect 
general  lighting,  and  glare  resulted.  Obstruc- 
tion of  windows  by  machinery  and  packing 
cases,  and  lack  of  attention  to  cleaning,  re- 
duced the  natural  light  in  the  majority  of 
rooms. 

Heating  appliances  were  quite  haphazard, 
and  frequently  a  heat-producing  plant  was  re- 
lied upon  for  warmth. 

The  general  conclusions  drawn  fi'om  this 
comprehensive  inquiry,  which  establishes  a 
standard  for  present-day  conditions  of  work, 
are  that  on  the  whole  the  standard  maintained 
is  better  than  might  have  been  anticipated 
and  far  higher  than  existed  in  such  un.suitable 
premises  a  few  decades  ago. — E.  L.  Collis. 

Lighting  tjie  Factory.  S.  G.  Hibben. 
Factory,  May,  1922,  28,  No.  5,  523-526.— Out- 
door illumination  is  many  times  greater  than 
even  the  highest  estimates  of  what  constitutes 
good  artificial  lighting  indoors.  Within  a 
building  natural  illumination  varies  greatly 
from  place  to  place.  The  result  is  that  there 
are  inequalities  in  light  subject  to  recogniz- 
able laws  which  the  illuminating  engineer 
must  take  into  account.  Lighting  problems  are 
complicated  by  the  position  of  buildings  and 
their  direction  of  exposure,  etc.  Distribution 
of  light  may  be  effected  by  the  use  of  curtains 
and  by  proper  emploj'ment  of  prism  Avindow 
glass.  The  study  of  daylight  involves  also  a 
study  of  color,  since  natural  light  is  very 
changeable  in  its  hues.  Finally,  the  cost  of 
artificial  lighting  as  related  to  the  cost  of  con- 
struction and  maintenace  of  the  means  of  util- 
ization of  natural  light  must  be  taken  into 
consideration. 

The  present  paper  touches  only  briefly  upon 
the  phases  of  illumination  that  are  presented, 
but  there  are  several  useful  charts  showing 
the  intensity  of  daylight  at  different  periods 
of  the  year  and  hours  of  the  day ;  the  lighting 
values  at  sunset ;  effect,  with  regard  to  interior 
daylight  illumination,  of  the  orientation  of  the 
illuminated   spaces;    comparative   brilliancies 


of  various  illuminating  means;  transmission 
through  sheet  glass ;  and  radiant  energy  of 
lights  of  different  colors.  — G.  E.  Partridge. 

Eesearch  Work  that  Solved  the  Prob- 
lem OF  Ventilating  the  Hudson  River 
Tunnel.  Robert  G.  Skerrett.  Reprinted 
from  Compressed  Air  Mag.,  April,  1922,  in 
Heating  and  Ventilating  Mag.,  May,  1922,  19, 
No.  5,  29-35. — This  is  a  review  of  the  re- 
search on  the  engineering  and  physiological 
aspects  of  ventilating  the  Hudson  River 
vehicular  tunnel.  Interested  readers  are  re- 
ferred to  the  article  b}^  Henderson  and  others, 
entitled  "The  Physiological  Efl'ects  of  Auto- 
mobile Exhaust  Gas  and  Standards  of  Venti- 
lation for  Brief  Exposures,"  which  appeared 
in  this  Journal.  1921-1922,  3,  79,  137.— 
Philip  Drinker. 

Determination  op  the  Relative  Comfort 
OF  Mine  Working  Places  by  Means  of  the 
Kata-Thermometer.  D.  Harrington  and  G. 
E.  McEIroy.  U.  S.  Bur.  Mines,  Rep.  Investiga- 
tions. Ser.  No.  2355,  May,  1922,  pp.  7. — Some 
data  have  been  collected  by  the  United  States 
Bureau  of  Mines  and  the  United  States  Pub- 
lic Health  Service  relating  to  the  adaptability 
of  the  kata-thermometer  for  determining  the 
comfort  of  working  places  in  mines.  The 
kata-thermometer  is  an  instrument  devised 
by  Dr.  Leonard  Hill,  an  eminent  English 
physiologist,  for  the  purpose  of  measuring 
the  rate  of  cooling  of  the  human  body.  It 
measures  its  own  rate  of  cooling  when  its 
temperature  approximates  that  of  the  human 
body,  and  so  measures  comfort  which,  in 
Hill's  opinion,  is  controlled  by  the  rate  of 
cooling.  The  instrument  does  not  measure 
other  vital  elements  such  as  chemical  im- 
purity and  the  presence  of  various  kinds 
and  quantities  of  dust,  but  the  substitution  of 
"kata"  cooling  powers  for  the  wet-bulb  air 
temperature  is  an  advance.  Recently  there  has 
been  put  on  the  market  an  electric  kata-ther- 
mometer, by  which  dry  cooling  powers  may 
be  read  directly. 

Comfort  felt  in  air  having  particular  cool- 
ing values  depends  in  part  on  the  individual 
and  his  physical  condition  and  upon  the  kind 
and  amount  of  clothing  worn,  but  it  is  pos- 
sible to  show  the  relation  of  definite  limits 
of  cooling  power  to  degrees  of  comfort.    The 


114 


THE    JOUENAL    OF    INDUSTRIAL    HYGIENE 


cooling  power  of  air  has  a  direct  relation  to 
a  worker's  efficiency.  For  this  reason,  one  of 
the  important  problems  in  the  metal-mining 
industrj'  of  this  country  is  to  provide  such  air 
conditions  at  working  faces  as  will  permit  the 
miners  to  work  comfortably,  efficiently  and 
without  straining  the  heat-regulating  mechan- 
isms of  the  body  by  excessive  perspiration. 
Factors  of  temperature  and  humidity  are  dif- 
ficult to  control,  but  air  movement,  the  most 
important  factor  in  producing  cooling  power 
of  the  air,  is  controllable.  At  the  present 
time  the  conditions  in  regard  to  this  factor 
are  poor ;   air-movement,   even  in  the  better 


ventilated  so-called  hot  mines,  is  almost  want- 
ing at  most  working  faces,  especially  in  de- 
velopment ends,  and  the  same  is  true  of  too 
many  fan-pipe  ventilated  development  ends. 
Better  conditions  for  the  comfort  of  mine 
working  places  in  our  metal  mines  can  be  ef- 
fected by  more  attention  to  providing  air  mo- 
tion at  the  working  faces. 

The  paper  contains  two  useful  tables: 
Table  1  shows  the  relation  between  cooling 
power  of  the  air  and  comfort :  Table  2  pre- 
sents data  in  regard  to  six  typical  mines  with 
reference  to  measurements  by  the  kata-ther- 
mometer. — G.  E.  Partridge. 


INDUSTEIAL   MEDICAL   SERVICE:    MEDICAL  DISPENSARIES  AND 
HOSPITALS  IN  INDUSTRIAL  PLANTS 


FiBST  Aid.  S.  D.  Huhhard.  New  York 
Med.  Jotu-.,  Jan.  4,  1922,  115,  No.  1,  36-39.— 
Industrial  hygiene  comprises  many  functions 
which  may  be  included  in  the  following 
twelve  groups:  (1)  prevention  of  accidents 
in  industrial  establishments  and  application 
of  the  principle  of  safety  first;  (2)  pre- 
vention of  disea.se  in  industrial  establish- 
ments (including  communicable  diseases,  dis- 
eases of  degeneration,  and  the  special  diseases 
of  occupation)  ;  (3)  elimination  of  nuisances 
(referring  to  disposal  of  garbage,  waste, 
f tunes,  dust,  and  smoke) ;  (4)  maintenance  of 
heating,  lighting,  ventilating,  etc.;  (5)  pro- 
viding and  serving  suitable  food,  and  incul- 
cating proper  diet  habits;  (6)  installation 
and  management  of  dispensary  and  hospital 
ser^-ice:  (7)  keeping  .statistics  of  accidents, 
diseases,  absences,  and  facts  regarding  new 
employment  and  dismis,sals,  and  making  .spe- 
cial reports  and  suggestions  for  improvement 
of  the  service;  (8)  supervision  of  fire  pre- 
vention, fire  drills,  first-aid  instruction, 
inspection  for  safety,  teaching  the  special 
hazards  of  an  establishment,  prevention  of 
dangers  of  such  incidence;  (9)  education  in 
personal  hygiene  and  sanitation  in  the  shop, 
the  home,  and  the  community;  (10)  special 
research  such  as  may  be  necessary  to  prevent 
accidents,  preserve  health,  increase  efficiency, 
and  improve  safety;  (11)  supervision  of 
clothing  and  selection  of  glasses;  (12)  efforts 
to  discover  the  causes  of  fatigue,  and  to  de- 
termine its  presence;  provision  for  games, 
rest  rooms,  physical  training,  locker  room, 
and  cleaning  facilities. 


First  aid  is  not  instinctive,  but  is  an  ac- 
quirement and  should  be  taught  to  all  em- 
ployees. Btxlletins,  literature,  talks,  motion 
pictures  and  other  methods  should  be  em- 
ployed in  facilitating  its  dissemination.  The 
co-operation  of  all  must  be  gained,  and  the 
appreciation  and  assistance  of  everyone  in 
the  plant  are  needed.  "First-aid  instruction 
and  installation  must  therefore  be  done  so  in- 
telligently and  humanely  as  to  make  all  ap- 
preciate the  danger  of  accidents  and  the 
necessity  of  keeping  them  down  to  the  lowest 

number   possible First   aid   is 

something  more  than  simply  opening  a  small 
office  and  caring  for  the  injured." — G.  E. 
Partridge. 

Prevention  Work  Is  Emphasized.  C.  W. 
Geiger.  Hosp.  Management,  April,  1922,  13, 
No.  4,  56. — As  part  of  a  personnel  program, 
the  Paraffin  Companies,  Inc.,  of  San  Fran- 
cisco have  installed  complete  medical  service. 
Physical  examinations  of  the  employees  are 
being  made  in  order  to  protect  their  health. 
Dismissal  does  not  follow  discovery  of  ill 
health,  but  an  effort  is  made  to  place  an  af- 
fected person  in  a  position  where  his  work  wiU 
be  favorable.  First  aid  is  taught  to  all  em- 
ployees in  the  plant,  and  it  is  of  the  greatest 
possible  service  in  preventing  sickness. — G.  E. 
Partridge. 

Records  of  the  Small  Sick-Benefit  As- 
sociation AS  a  Source  of  Statistics  for  the 
Factory  Medical  Department.  D.  K.  Brun- 
dcKje.     U.  S.  Pub.  Health  Ser.,  Pub.  Health 


ABSTRACTS 


115 


Rep.,  Feb.  24,  1922,  37,  No.  8,  413-422.— Use- 
ful infoi-ination  has  been  acquired,  pointing 
out  the  advantages  of  employee  sick-benefit 
association  records.  One  association,  con- 
sisting of  employees  of  four  manufacturing 
plants,  gives  the  number  of  days  lost  from 
sickness  and  non-industrial  accidents  for  five 
days  or  longer,  during  1920,  as  4.68  per  em- 
ployee. This  high  ill-health  rate  shows  the 
need  for  action  for  correcting  whatever  con- 
ditions there  are  either  wholly  or  partially 
responsible  for  the  disability. — ^M.  C.  Hamb- 
let. 

Health  Problems  Affecting  Industry. 
W.  F.  Dearden.  Welfare  Work,  March,  1922, 
3,  No.  22. — The  author  presents  a  short  ac- 
count of  the  work  of  Ramazzini  in  industrial 
medicine,  illustrating  the  importance  attached 
to  the  subject  in  European  countries  at  the 
beginning  of  the  eighteenth  century.  He  also 
describes  the  development  of  the  medical  side 
of  the  Factory  Act  and  its  administration. 
Both  general  mortality  figures  and  mortality 
figures  for  specified  diseases  are  quoted  in 
order  to  establi.sh  the  fact  that,  in  certain 
trades,  "the  excessive  amount  of  disability 
and  loss  of  life  from  sickness  among  those  en- 
gaged in  industrial  occupations  is  appalling. 
and  can  onty  be  accounted  for  («.  e..  the  ex- 
cess) by  the  association  of  deleterious  condi- 
tions with  the  industries  themselves." 

Reorganization,  with  certain  modifications, 
of  medical  work  in  factories  according  to  the 
plan  of  the  Belgian  Factory  Medical  Depart- 
ment is  advocated.  — E.  Hewitt. 

Selling  Better  Health  to  National 
Cash  Register  Employees.  F.  G.  Ban:  Nat. 
Safety  News,  June.  1922,  5,  No.  6,  17-19.— 
The  account  by  Dr.  Barr  of  the  National  Cash 
Register  Company  hardly  gives  sufficient  em- 
phasis to  the  remarkable  results  of  the  health 
work  done  under  his  direction.  The  average 
lime  lost  by  industrial  workers  on  account  of 
sickness  is  variouslj-  estimated  at  from  six  to 
nine  days  annually  per  employee.  In  the 
National  Cash  Register  Company  the  figure 
is  now  11.5  hours.     Industrial  executives  rec- 


ognize that  a  company  loses  heavily  when 
production  is  interrupted  through  the  sick- 
ness of  employees.  The  same  methods  of  pre- 
vention used  so  effectively  by  Dr.  Barr  can 
be  used  by  any  other  company. 

"Selling"  Industrial  Hospital  Service. 
Hosp.  ilanagement,  March,  1922,  13,  No.  3, 
56-57. — The  writer  emphasizes  the  importance 
of  publicity  in  connection  with  the  hospital 
Work  of  industrial  plants.  The  ease  reported 
is  of  a  large  increase  in  the  number  of  em- 
ployees treated  after  the  beginning  of  the 
publication  of  a  bulletin.  In  1915,  the  year 
before  the  publicity  work  Avas  started,  the 
number  of  cases  treated  at  the  hospital,  in- 
volving no  loss  of  time,  was  651,  but  in  the 
following  year  there  were  1,383  treatments. 
There  were  193  days  lost  through  injuries  in 
1921,  compared  with  906  days  in  1911,  the 
first  year  of  the  hospital.  The  change  has 
been  brought  about  by  persistent  advertising 
of  the  hospital  service. — G.  E.  Partridge. 

What  a  Dental  Clinic  Can  Do  in  Your 
Factory.  L.  G.  Grace.  Factory,  April,  1922. 
28,  No.  4,  405-407. — Industrial  organizations 
are  fast  beginning  to  realize  that  the  dental 
dispensary  is  an  important  factor  in  increas- 
ing the  amount  of  work  an  employee  can  do 
in  one  day.  In  one  factory  the  dental  work 
has  saved  the  employees  2,000  hours  in  the 
past  six  months.  The  work  is  of  two  kinds: 
emergency  and  preventive.  Men  with  aching 
teeth  will  have  the  pain  stopped,  but  many 
emploj-ees  do  not  realize  the  serious  effects 
resulting  from  lack  of  care  of  the  teeth. 

The  Metropolitan  Life  Insurance  Company, 
which  has  made  a  thorough  study  of  health 
conditions  in  their  relation  to  mental  and 
physical  efficiency,  has  maintained  a  dental 
clinic  since  1915.  The  improvement  in  health 
of  employees  has  been  so  marked  that,  as  a 
result,  a  rule  has  been  made  that  every  home- 
office  employee  must  undergo  an  examination 
and  a  cleansing  of  the  teeth  twice  a  year. 
Other  instances  are  given  showing  the  ad- 
vantages of  dental  clinics  both  to  employer 
and  employee. — M.  C.  Hamblet. 


INDUSTRIAL  PERSONAL  AND  COMMUNITY  HYGIENE; 
HOUSING,  ETC. 


Health  in  Industry  and  Its  Relation  to 
the   Community.  J.   G.   Cunningham.   Pub. 


Health  Jour.,  March,  1922,  13.  No.  3,  114-117. 
— This  is  a  very  general  survey  of  the  subject 
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of  public  health,  touching  upon  the  develop- 
ment of  public  health  service  from  its  original 
narrow  limit  of  preventive  work.  The  scope  of 
industrial  hygiene  is  considered;  also  the 
problem  of  infant  mortality  as  related  to  the 
employment  of  women;  the  problem  of  "in- 
dustrial birth" — that  is,  the  change  of  the 
school  child  into  the  industrial  worker;  the 
industrial  medical  service ;  part-time  medical 
supervision.  The  advantages  and  disadvan- 
tages of  co-operative  effort  on  the  part  of 
small  industrial  establishments  in  supplying 
health  service  essential  in  industry  are  dis- 
cussed.— G.  E.  Parti-idge. 

Housing.  The  ('redit  Bireau  for  Ixdus- 
TRiAL  Housing.  Abstracted  as  follows  from 
L'Usine,  Paris.  April  1.  1922,  in  Factory, 
June,  1922.  28.  No.  6,  651.— "The  action  of 
this  bureau,  which  was  created  by  the  asso- 
ciation of  metallurgical  industries,  constitutes 
in  many  respects  a  happj'  solution  of  the 
industrial  housing  question  in  France. 

"This  organization's  object  is,  while  fur- 
nishing to  manufacturers  the  necessary  capi- 
tal for  workmen's  houses — money  which  the 
Government  would  not  and  cannot  furnish — 
to  make  of  employee  housing  not  a  work  of 
charity  but  a  remunerative  enterprise  for  the 
invested  capital,  represented  by  securities 
negotiable  on  the  Bourse  and  having  solid 
guaranties.  This  point  of  view  has  been  lack- 
ing until  now. 

"After  an  agreement  with  large  financial 
houses  which  have  accepted  the  commission 
of  placing  the  securities  issued,  the  bureau 
lends  the  capital  thus  raised  for  periods  rang- 
ing from  twenty  to  thirty  years  to  the  build- 
ing societies  of  industrial  organizalions  inter- 
ested. The  heads  of  the  industrial  enterprise 
are  always  called  upon  to  guarantee  person- 
ally the  loans  made,  and  this  eliminates  the 
costly  mortgages  which  the  bureau  does  away 
with  to  keep  the  cost  low.  House  plans  must 
be  submitted  to  the  bureau,  and  all  plans 
must  be  satisfactory  from  the  point  of  view 
of  health  and  sanitation. 

"Large  families  are  favored  by  adequate 
houses  set  aside  at  lower  rents  than  are 
charged  for  families  without  children.  Gar- 
dens are  provided ;  and  since  the  proprietor 
is  not  the  head  of  the  manufacturing  plant, 
but  a  sei)arate  organization.  ditTicuIty  between 
employee  and  employer  cannot  occur  as  a  re- 
sult of  their  relation  of  tenant  and  landlord. 


"The  capital,  starting  at  5,000.000  francs, 
has  grown  to  100,000,000  francs.  .  .  . 

"One  result  has  been  the  development  of 
standardized  types.  JIanuf  acturers  who  have 
guaranteed  reduced  prices  on  construction 
materials  in  lots  have  been  given  credit  to 
enable  them  to  undertake  quantity  manufac- 
turing of  these  materials.  This  has  been  ex- 
tended to  the  mill  work,  sanitaiy  supplies, 
glass,  paints,  roofing,  heating,  and  other  sup- 
plies, and  it  is  estimated  that  several  million 
francs  have  been  economized  in  this  manner. ' ' 

GOVERNJIENT     AlD     FOR     THE     BuiLDIXG     OF 

Workmen's  Houses  in  Spain.  U.  S.  Bur. 
Labor  Statis.,  Month.  Labor  Rev.,  May,  1922, 
14,  No.  5,  166-167. — To  alleviate  conditions 
arising  from  the  housing  shortage  in  Spain,  a 
royal  decree  was  issued  in  1921.  providing  for 
government  aid  to  societies  formed  for  the 
purpose  of  building  workmen's  homes. 

According  to  this  decree,  the  state,  iiro\lnce, 
or  municipality  may  rent,  sell,  or  give  away 
any  of  its  land  as  a  site  for  M^orkmen  's  houses, 
and  citj'  councils  may  purchase  land  for  this 
purpose.  To  encourage  building  operations, 
many  forms  of  government  taxes — taxes  on 
building  construction,  the  purchase  of  land, 
contracts,  bond  issues,  formation  of  compan- 
ies, etc. — are  waived  for  a  period  of  twenty 
years  from  the  date  of  completion  of  a  build- 
ing. In  special  cases  materials  for  building 
workmen's  homes  may  be  exempt  from  cus- 
toms duties.  Government  loans  with  a  thir- 
ty-year limit  may  be  made,  yielding  3  per 
cent,  or  even  as  little  as  2  per  cent.  The  max- 
imum loan  is  limited  to  55  per  cent,  of  the 
value  of  the  land  and  70  per  cent,  of  the  value 
of  the  completed  houses. 

The  government  may  grant  subsidies 
amounting  to  25  per  cent,  of  tlie  value  of  land 
and  buildings,  and  one  of  50  per  cent,  if,  in 
cities  where  the  housing  problem  is  very  acute, 
workmen's  houses  are  com])leted  within  a  year 
of  the  publication  of  this  decree. 

The  royal  decree  of  1921  also  deals  with  the 
legal  status,  rent,  interest  and  security  for 
loans,  inspection  and  sanitation  of  "cheap" 
houses,  etc.  The  provisions  of  the  decree  are 
to  be  administered  by  the  Ministry  of  Labor 
through  the  Institute  of  Social  Reform.  The 
local  administration  is  in  the  hands  of  a  coun- 
cil on  cheap  houses  in  every  municipality 
concerned. — M.  C.  Hamblet. 
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An  Investigation  into  the  Packing  of 
Chocolates  (2).  B.  Muscio  and  R.  St.  C. 
Brooke.  Journal  Nat.  Inst.  Indust.  Psychol., 
1922,  1,  68-75.— The  authors  describe  the 
effects  of  training  five  inefficient  girls  in  the 
principles  of  chocolate  packing.  These  prin- 
ciples consisted  in  the  .systematic  arrange- 
ment of  materials  in  such  a  way  as  to  reduce 
to  a  minimum  the  range  and  number  of  a 
worker's  movements,  and  in  instructing  her 
to  work  with  both  hands  in  a  rhythmical,  easy 
manner.  After  four  or  five  weeks'  training 
by  a  skilled  packer,  who  was  chosen  as  in- 
structor, the  efi'iciency  of  the  girls  showed  an 
average  increase  of  27  per  cent. 

Subsequently,  twelve  novices,  of  average 
general  ability,  were  trained  for  seven  weeks, 
and  it  was  found  that  their  speed  of  packing 
was  nearlj'  27  per  cent,  greater  than  that  of 
other  novices  who.  in  accordance  with  the 
usual  custom,  had  received  no  systematic 
training. 

The  authors  point  out  that  skilled  workers 
are  by  no  means  always  good  instructors. 
Their  movements  are  usually  too  rapid  to 
follow,  and  as  thej^  are  semi-automatic  the 
workers  themselves  may  not  know  of  what 
thev   consist. — H.   ^I.   Vernon. 


A  Survey  and  Analysis  of  the  Pottery 
Industry.  Fed.  Board  for  Vocational  Educa- 
tion, Trade  and  Indust.  Series  No.  20,  Bull. 
No.  67.  pp.  86. — The  writer  first  indicates 
briefly  his  procedure  and  makes  some  per- 
tinent suggestions  about  the  uses  of  such  a 
bulletin  as  he  has  prepared — by  the  employer 
to  gain  a  "bii-d's  eye  view"  of  his  industry; 
by  the  foreman  as  a  handbook  in  giving  in- 
struction ;  by  the  workman  as  a  description  of 
his  job  in  its  relations  to  the  industry  as  a 
whole ;  by  the  director  of  vocational  training, 
etc. 

The  main  part  of  the  report  is  a  study  in 
job  analysis.  The  different  departments  of 
the  pottery  industry  are  taken  in  turn,  and 
data  are  given  in  regard  to  possibilities  for 
training,  lines  of  promotion,  qualifications 
necessary,  including  skill,  education,  physical 
qualities,  age,  etc.  The  jobs  are  then  consid- 
ered again  with  reference  to  such  topics  as 
trade  terms,  stock,  care  of  tools  and  equip- 
ment, safety,  and  requirements  in  regard  to 
mathematics,  science,  and  drawing. 

The  art  work  of  pottery  is  treated  sep- 
arately by  a  similar  procedure,  and  the  report 
includes  a  sketch  of  the  general  trade  science 
relating  to  the  industry. — G.  E.  Partridge. 


INDUSTRIAL  HEALTH  LEGISLATION:    COURT  DECISIONS: 
WORKMEN'S  COMPENSATION  AND  INSURANCE 


1Ie.\lth  Legisl.a.tion  in  Belgium.  Sui-vey, 
March  II,  1922. — There  is  an  important  new 
anti-tuberculosis  act  in  Belgium,  making  state 
support  available  to  private  organizations.  A 
new  national  association  has  been  formed 
which  is  entitled  to  a  grant  of  several  million 
francs.  Large  sums  have  been  given  from 
the  first  grant  to  a  co-operative  organization 
for  the  establishment  of  sanatoria.  Dr.  Gli- 
bert.  director  of  the  Bureau  of  Hygiene  in 
the  Department  of  Labor,  is  enthusiastic  over 
the  prospect,  as  he  sees  it,  of  making  Belgium 
the  model  country  in  the  prevention  of  the 
white  plague. 

Dr.  Gilbert  has  been  giving  attention,  also, 
to  the  drafting  of  a  law  for  insurance  against 
industrial  diseases  not  covered  by  the  present 
sickness  insurance.  Under  the  latter,  com- 
pensation of  one-half  salary  is  allowed,  but 
Dr.  Gilbert  thinks  that  the  responsibility  of 


the  industry-  in  the  case  of  lead  poisoning, 
anthrax  and  similar  definitely  industrial  dis- 
eases should  be  greater,  perhaps  to  the  extent 
of  compensation  to  the  full  amount  of  the 
normal  earnings.  Under  this  bill,  the  prin- 
cipal contributions  will  fall  on  employers, 
with  smaller  grants  from  state  and  province. 
It  does  not  provide  for  reinsurance  of  em- 
ployers, but  for  contributions  large  enough 
to  make  a  reserve  fund. 

There  are  plans  for  providing  state  super- 
vision over  the  health  of  juvenile  workers. 
The  department  already  has  power  to  issue 
certificates  to  apprentices  from  14  to  18  years 
of  age,  and  a  royal  decree  has  been  issued  to 
the  effect  that  all  such  apprentices  must  be 
medically  inspected  at  least  once  a  year.  There 
is  gradually  being  organized  a  coordinated 
system  of  state  supervision  in  the  form  of 
medical  inspection  for  schools,  military  serv- 
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ice,  apprenticeship,  and  certain  state  and 
municipal  institutions.  A  further  extension 
of  the  principle  is  advocated  for  the  protec- 
tion, by  medical  care,  of  expectant  mothers 
in  industrJ^  Obligator}'  provision  of  first-aid 
equipment  in  factories  has  recently  been  en- 
acted.— G.  E.  Partridge. 

Regilations :  Lead  Compounds.  Intemat. 
Labour  Office,  Legis.  Series,  Great  Britain, 
No.  6,  1921. — This  pamphlet  gives  regula- 
tions for  the  manufacture  of  certain  com- 
pounds of  lead  in  Great  Britain  under  the 
two  headings:  (1)  duties  of  occupiers,  and 
(2)  duties  of  persons  employed. 

Act  Providing  for  Erection  of  Wash- 
rooms FOR  Employees  Held  Invalid.  U:  S. 
Pub.  Health  Ser.,  Pub.  Health  Rep.,  April  8, 
1922.  .37,  No.  17.  1021.— Section  1  of  Chapter 
20  of  the  1920  acts  of  Kentucky  required  cer- 
tain employers  to  provide  and  maintain  wash- 
rooms when  30  per  cent,  of  the  employees  had 
voted  to  notify  the  employer  to  erect  such 
a  washroom.  This  act  has  been  declared  un- 
constitutional by  the  Court  of  Appeals  of 
Kentucky  on  the  ground  of  its  being  a  dele- 
gation of  legislative  power  in  violation  of 
Section  60  of  the  state  constitution. — B.  Cohen. 

Hours  of  Work  in  German  Industry.  Ab- 
stracted in  Internat.  Labour  Rev.,  May,  1922, 
5,  No.  5,  784-798.  from  Report  of  Netherlands 
Commission  of  Enquiry  into  Hours  of  Work 
in  German  Industr}\ — The  German  order 
limits  the  working  day  in  all  industrial  estab- 
lishments to  eight  hours.  No  weekly  limit  is 
fixed,  but  since  1895  Sundaj-  work  has  been 
prohibited  for  workers  in  industrial  estab- 
lishments, with  certain  specific  exceptions.  No 
pro\'ision  is  made  for  a  Saturday  half-holiday, 
but  it  has  been  generally  adopted  by  agree- 
ment. Night  work  for  adult  men  is  not  pro- 
hibited, but  work  between  8  p.  m.  and  6  a.  m. 
is  prohibited  for  women  and  for  persons  under 
16  years  of  age.  The  use  of  the  two  or  three 
shift  system  is  not  restricted  in  the  case  of 
adult  workers.  Authorization  for  overtime 
work  is  often  granted,  especially  when  for- 
eign orders  are  involved,  and  when  conditions 
necessitate  it. 

The  report  deals  with  administrative  pro- 
visions, and  with  hours  of  work  in  the  follow- 
ing industries:  gla.ss  and  pottery,  printing 
and    book    trades,    chemical    industrv,    wood 


v.'orking  industry,  clothing,  leather,  metal 
working,  textiles,  beet  sugar  industiy.  and 
bakeries. — G.  E.  Partridge. 

Decisions  of  Courts  and  Opinions  Af- 
fecting Labor.  1919-1920.  Lindley  D.  Clark 
and  Martin  C.  Frincke,  Jr.  U.  S.  Bur.  Labor 
Statis.,  Bull.  No.  290,  Jan.,  1922.— This  bul- 
letin is  the  eighth  of  a  series  devoted  exclu- 
sively to  the  presentation  of  court  decisions. 
No  attempt  is  made  to  cover  the  entire  list  of 
decisions  handed  down  by  the  state  and  fed- 
eral courts,  but  representative  types  have  been 
selected. — M.  C.  Hamblet. 

Some  Remarks  Concerning  Compensa- 
tion for  Ocular  Injuries.  F.  Allport.  Med. 
Record.  March  18.  1922.  101,  No.  11,  446- 
451. — State  industrial  commissions  have  dem- 
onstrated their  own  usefulness,  but  it  is  con- 
tended that  they  should  be  chosen  with  refer- 
ence to  avoiding  partisanship,  and  should  not 
predominantly  include  men  in  either  the  em- 
ployer or  employee  class. 

The  medical  expert  meets  a  number  of  dif- 
ficulties in  his  relations  with  these  industrial 
boards.  Verdicts  are  often  given  in  contra- 
diction to  plain  medical  evidence,  as  in  cases 
in  which  compensation  is  claimed  for  troubles 
that  could  not  have  arisen  from  an  injury,  and 
in  cases  in  which  malingering  is  demonstrat- 
ed. There  is  a  law  concerning  visual  lo.sses 
that  is  n^ost  unfair  and  illogical  to  all  parties 
concerned — that  is,  if  a  man  who  is  already 
blind  in  one  eye  loses  the  other  eye  while  in 
employment,  the  emploj'er  is  liable  for  the 
loss  of  both  eyes.  The  man  with  but  one  eye 
is  a  greater  risk,  and  consequently  many  men 
are  debarred  from  desirable  occupation  be- 
cause unjust  responsibilities  are  forced  upon 
employers. 

The  subject  of  traumatic  cataract  raises 
otiier  questions.  Industrial  commissions  a.s  a 
rule  insist  upon  estimating  vision  in  sueb 
cases  without  glasses,  the  result  being  that 
since  the  employer  gets  no  credit  for  the  re- 
sults of  a  successful  operation  by  which  the 
vision  may  be  practically  restored,  he  is 
tempted  to  discontinue  the  ti-eatment  without 
providing  for  a  desirable  operation.  The 
alternative  would  be  for  industrial  commis- 
sions and  legislatures  to  allow  an  employer 
some  reasonable  financial  consideration  if  he 
undertakes  the  expense  of  a  cataract  opera- 
tion. 
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Another  point  to  be  insisted  uj^on  is  that 
emploj-ers  and  applicants  demand  examina- 
tion of  eyes  and  ears  before  employment. 

It  must  be  the  experience  of  all  surgeons 
doing  any  amount  of  industrial  surgery  that 
many  employees  endeavor  to  represent  that 
old  pathological  conditions  have  never  existed 
until  some  recent  accident  has  occurred.  Old 
necrotic  conditions  and  senile  cataracts  are 
charged  to  such  injuries. 

One  obstacle  to  just  and  intelligent  settle- 
ment is  an  absurd  but  natural  interpretation 
of  Snellen's  test  types.  Testimony  is  often 
given  that  20/40  indicates  a  half  loss  of  vision. 
The  writer  offers  a  new  table  which  eliminates 
the  possibility  of  wrong  conclusions  being 
drawn  by  regarding  the  Snellen  fractions  as 
indicative  of  visual  conditions  and  which  also 
overcomes  some  of  the  practical  deficiencies  of 
the  scale  accepted  by  the  Chicago  Ophthalmo- 
logieal  Society  in  1919,  which  has  discrepan- 
cies in  percentages,  making  its  general  adop- 
tion difficult  to  attain.  The  new  scale  is  as 
follows : 

20/20  indicates  no  loss  of  vision. 

20/30        "        5%     "     "       " 

20/40         ■■      10"     

20/50        •■      15 

20/190       '•      85 

20/200      ■■      90 

20/210      "      95 

20/220       •'    100 

— G.  E.  Partridge. 

Rating  Losses  of  Industrial  Vision  Un- 
der THE  New  York  State  Compensation 
Law.  T^^  Mehl.  Med.  Record,  Jan.  28,  1922, 
101,  No.  4,  145-148.— Permanent  disability 
compensation  bears  no  direct  relation  to  the 
damage  done  to  the  earning  ability  of  an  in- 
jured person,  but  attempts  to  provide  for 
average  industrial  justice.  The  law  of  New 
York  state,  for  example,  takes  no  account  of 
the  actual  economic  losses  in  compensating 
for  permanent  disability  in  eyesight  caused 
b}'  industrial  injury. 

The  function  of  the  examining  medical  ex- 
pert ought  to  end  with  an  exact  estimate  of 
the  injury  sustained.  In  other  fields  the 
surgeon  is  not  usually  requested  to  interpret 
his  results  with  reference  to  the  compensation 
law  as  he  is  frequently  requested  to  do  in 
regard  to  injuries  involving  impairment  of 
eyesight. 

Oi'dinarily  loss  of  vision  may  be-  deter- 
mined by  the  Snellen  tests,  even  though  they 


apply  onl}^  to  central  vision.  The  law  now 
provides  that  a  loss  of  80  per  cent,  of  vision 
is  to  be  regarded  as  loss  of  use  of  an  eye. 
This  means  that  vision  is  20/100  of  normal, 
and  the  Snellen  test  has  been  accepted  as  a 
means  of  measurement.  In  regard  to  vision 
between  normal  and  20/100,  20/40  means 
that  working  vision  has  been  reduced  to  one- 
half  normal.  Ijooking  at  the  matter  from  the 
standpoint  of  industrial  efficiency,  it  may  be 
conceded  that  20/40  represents  less  than  50 
per  cent,  impairment  of  vision.  By  accepting 
20/100  as  100  per  cent,  loss,  and  dividing 
the  interval,  20/60  is  found  to  be  50  per  cent. 
loss  of  vision,  and  the  percentages  of  reduc- 
tion for  other  measurements  are  proportion- 
ate.— G.  E.  Partridge. 

Japanese  Health  Insurance  Law.  U.  S. 
Dept.  Labor,  Month.  Labor  Rev.,  July,  1922, 
15,  No.  1,  164. — "A  special  report  fi"om  the 
acting  commercial  attache  at  Tokyo,  Japan, 
summarizes  the  provisions  of  a  health  insur- 
ance law  recently  passed  by  the  Japanese 
Diet.  The  text  of  the  law  consists  of  91  arti- 
cles but  in  brief  it  provides  that  employees 
in  factories  of  every  description,  both  official 
and  private  establishments,  shall  carry  health 
insurance  if  their  annual  income  is  1,200  yen 
($598.20,  par)  or  less.  The  health  insurance 
law  is  to  be  administered  by  the  Government 
and  the  insurers  are  to  be  the  Government  and 
organized  health  insurance  societies.  These 
societies  are  to  be  organized  by  factory  pro- 
prietors and  their  employees  and  one-tenth  of 
the  expense  of  said  societies  is  to  be  borne  by 
the  Government. 

"The  insurance  premium,  which  must  not 
exceed  3  per  cent,  of  the  daily  wage  of  the 
employee,  is  paid  half  by  employers  and  half 
by  the  employees.  Insurance  is  paid  to  em- 
ployees in  case  of  sickness,  accident,  death,  and 
childbirth." 

Compulsory  Health  Insurance.  A  Con- 
xkcticut  Viewpoint.  W.  E.  Hartshorn.  Med. 
Record,  Jan.  7,  1922,  101,  No.  1,  17-18.— The 
question  of  compulsory  health  insurance  wiU 
probably  lie  one  of  the  important  issues  consid- 
ered by  several  state  legislative  bodies  at  their 
next  meeting.  The  standard  bill  adopted  by 
the  American  Association  for  Labor  Legisla- 
tion provides  that  all  employees  earning  less 
than  a  given  amount  (ranging  from  $800  to 
$1200)  shall  be  entitled  to  medical,  surgical. 
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hospital,  and  nursing  care,  dental  treatment, 
maternity  benefits,  cash  benefits,  and  funeral 
expenses.  The  state  is  to  provide  one-fifth  of 
the  fund,  two-fifths  is  contributed  by  the  em- 
ployer, and  the  remaining  two-fifths  by  the 
employee  in  the  form  of  compulsory  payments 
of  a  eei-tain  percentage  of  his  wages,  variously 
estimated  from  3  to  TY2  per  cent.  Employees 
recei\ing  less  than  $0  per  week  pay  nothing, 
the  employer  paying  in  these  cases  80  per 
cent,  and  the  state  20  per  cent. 

The  brief  of  the  model  bill  claims:  (1)  that 
there  is  at  present  a  disproportionately  large 
amount  of  sickness  among  employed  persons 
causing  immediate  loss  of  time  and  wages 
amounting  to  half  a  billion  dollars  annually: 
(2)  that  the  wages  paid  to  American  working 
men  are  inadequate  to  enable  them  to  meet 
the  expenses  of  sickness,  etc.,  and  that  it  is 
necessary  to  distribute  this  burden. 

Objections  are  offered  on  the  ground  that 
statistics  in  this  ease  are  very  imperfectly 
prepared,  that  as  presented  the  plan  is  sim- 
ply a  method  of  taxing  the  citizens  of  the 
state,  directlv  or  indirectlv.  to  furnish  medi- 


cal and  surgical  service  to  maintain  the  pro- 
ductive efficiency  of  part  of  the  population, 
and  that  it  is  essentially  a  socialistic  idea,  and 
not  really  insurance  at  all.  The  American 
Medical  Association  and  the  Federation  of 
Labor  have  both  gone  on  record  as  opposed 
to  it. 

It  has  been  suggested  that  each  state,  where 
bills  are  presented,  request  the  legislature  to 
ajjpropriate  a  sufficient  amount  of  money  to 
enable  the  state  board  of  health  to  make  a 
complete  and  exhaustive  survey  of  the  entire 
state,  showing  how  the  existing  health  or- 
ganizations may  be  increased  and  developed 
to  a  point  where  every  citizen  of  the  state, 
regardless  of  economic  condition  or  industrial 
status,  may  be  i^rotected  from  disease  and 
may  enjoj^  the  highest  degree  of  efficiency. 
Each  physician  should  co-operate  in  every 
way  with  the  committee  of  the  state  medical 
society,  informing  the  public  and  the  profes- 
sion, through  a  campaign  of  education,  re- 
garding the  exact  status  of  compulsory  state 
insurance. — Gr.  E.  Partridge. 


REHABILITATION   OF    DISABLED    EMPLOYEES 


Federal  Au)  in  Ixdustrial  Reilvbilita- 
Tiox.  Tracy  Copp.  Nation's  Health.  Feb.  15, 
1922,  4.  No.  2,  .59-60.— The  federal  government 
is  offering  to  finance  jointly  with  the  states  a 
plan  to  place  persons  handicapped  by  disease 
and  accidents,  whether  incurred  while  work- 
ing in  an  industrial  establishment  or  other- 


wise, in  positions  which  will  afford  the  maxi- 
mum happiness  and  profit  to  the  individuals. 
It  is  hoped  that  through  this  scheme  not  only 
the  individuals  concerned  will  benefit,  but 
that  society  and  industry  as  well  will  reap  a 
real  profit. — L.  A.  Shaw. 
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GENERAL 


Conditions  in  the  Glass  Industry.  ./.  E. 
Harston.  Ann.  Rep.  Chief  Inspect.  Factories 
and  Worksliops  for  1921.  Cmd.  1705,  1922, 
pp.  108-113. — ^Glass  making,  although  one  of 
the  oldest  of  British  industries,  does  not  today 
employ  more  than  50,000  workers.  Neverthe- 
less the  branches  of  the  industry  are  almost 
as  varied  as  the  premises  and  conditions  of 
work;  old  and  dilapidated  works  and  small 
employers  contrast  with  modern  factories  with 
up-to-date  machinery  and  labor-saving  appli- 
ances. The  introduction  of  red  lead,  often  in 
a  dry  state,  as  a  component  of  the  "metal" 
constitutes  a  risk  which  in  badly  lighted  and 
ill-ventilated  rooms  leads  to  plumbism;  but 
the  risk  is  minimized  when  the  mixing  is  done 
by  power-driven,  dust-tight  machinerj-  with- 
out any  handling,  or  when  the  red  lead  is 
moistened  before  use. 


In  recent  years  the  glass  house  has  been  the 
scene  of  improvements;  compressed  air  is  re- 
jilacing  human  lungs  for  blowing ;  automatic 
machines  are  superseding  hand  labor;  and 
douches  of  cool  air  are  tempering  the  discom- 
fort from  intense  heat.  Cataract  from  ex- 
posure to  heat  rays  continues  to  occur, 
although  compensation  claims  therefor  are 
not  numerous.  Taken  as  a  whole,  glass  mak- 
ing, when  carried  on  under  good  conditions, 
cannot  be  considered  dangerous  or  unhealthy. 
There  is  a  tendency,  especially  marked  in  the 
bottle  trade,  for  larger  works  to  supplant 
smaller  ones ;  this  tendency  is  to  be  welcomed, 
as  it  is  associated  with  substantial  betterment 
in  general  factory  conditions. — E.  L.  Collis. 

Some  Practical  Experience  Slants  on 
the  Five-Dav  Week.   Abstracted  from  Mfg. 
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€lothiei-,  New  York,  in  Factory,  July,  1922, 
29,  No.  1,  30. — The  Joseph  and  Feiss  Com- 
pany, manufacturers  of  men's  clothing,  are 
the  real  pioneers  of  the  five-daj'-week  plan. 
In  spite  of  criticism  of  the  plan,  on  the  ground 
of  its  impracticability,  it  has  had  great  suc- 
cess in  plants  where  the  cost  of  making  ready 
for  a  day's  work  cuts  heavily  into  the  profits 
of  a  four-hour  day  on  Saturday.  The  four 
decided  advantages  to  be  gained  by  the  five 
day  week  are : 

First,  the  saving  in  power.  It  is  found 
that  the  same  results  are  obtained  by  running 
the  machines  on  10  per  cent,  less  time. 

Second,  the  reduction  in  absence  and  labor 


turnover.  It  is  noticed  that  the  employees 
work  more  consistently  during  five  days  with 
the  prospect  of  a  full  week-day  to  themselves. 

Third,  new  sources  of  labor  supply.  The 
five-day  week  affords  the  opportunity  for  em- 
ployment to  many  w^omen  who  would  other- 
wise be  unable  to'  work  in  a  factory  without 
having  at  least  two  days  a  week  to  devote  to 
their  domestic  duties. 

Fourth,  more  balanced  production.  With 
a  definite  amount  of  work  to  finish,  the  plan- 
ning may  be  more  exact  when  the  forty-four 
hours,  which  the  employee  is  required  to  work 
at  this  plant,  are  divided  into  five  days  instead 
of  five  and  a  half.— M.  C.  Hamblet. 


SYSTEMIC  OCCUPATIONAL  DISEASES:    OCCURRENCE,  TREATMENT 

AND  PREVENTION 


CIRCULATORY  SYSTEM 

Heart  Di.sb:ase  in  Indu.stry — Border  Line 
Cases.  Cadis  Phipps.  Nation's  Health,  Jul.y 
15,  1922,  4,  No.  7,  434-435.— "It  is  not  the 
obviously  damaged  heart  which  is  neglected: 
it  is  the  obscure,  or  borderline,  ease.  A  bor- 
derline case  is  oftentimes  more  amenable  to 
treatment  than  the  established  or  long-con- 
tinued lesion,  and  so  may  be  benefited  if 
recognized.  To  determine  if  an  obscure  heart 
lesion  be  present,  it  is  usually  not  sufficient  to 
depend  upon  a  routine  physical  examination ; 
a  careful  history  of  the  symptoms  and  a  con- 


sideration of  various  etiological  factors,  com- 
bined with  several  physical  tests,  must  be 
employed. 

"Besides  protecting  the  industiy,  the  em- 
ployee's health  must  be  of  prime  interest. 
His  interests  are  best  served  (in  regard  to 
cardiac  disease)  by  (1)  removal  or  preventive 
treatment  of  possible  causes;  (2)  earliest  pos- 
sible recognition  of  cardiac  disease;  (3)  com- 
plete rest  for  a  sufficient  period  of  time,  fol- 
lowed by  (4)  a  gradual  return  to  working 
conditions,  never  reaching  the  limit  of  the 
heart's  ability." — M.  C.  Shorley. 


POISONOUS  HAZARDS  AND   THEIR  EFFECTS:    GASES, 
CHEMICALS,  ETC. 


Hazards  of  Carbon  Monoxide  from  Gas 
Burners.  /.  V.  Brumhaugh  and  G.  W.  Jones. 
Abstracted  from  Gas  Age-Record,  1922,  49, 
427-429,  by  J.  L.  Wiley  in  Chem.  Abstr.,  June 
10,  1922,  16,  No.  11,  1852-1853.— "Tests  of 
the  combustion  products  from  burners  using 
natural  gas  and  burning  in  contact  with  uten- 
sils containing  liquids  at  or  below  tlie  boiling 
point  of  water  show  that  CO  is  liberated  in 
amounts  depending  upon :  distance  of  the 
utensil  above  the  burner;  height  of  blue  inner 
cone  of  flame;  type  of  burner;  flame  charac- 
teristic (ratio  of  volume  of  primary  air  in- 
jected into  burner  relative  to  volume  of  gas 


consumed)  ;  rate  of  consumption  of  gas.  No 
CO  was  found  where  the  distance  of  the  uten- 
sil from  the  burner  did  not  allow  the  blue 
inner  cone  to  touch  the  utensil.  A  yellow 
flame  will  produce  CO  at  a  rate  greater  than 
a  blue  flame.  The  chilling  of  the  flame  by 
the  cold  utensil  produces  CO.  AVith  a  burner 
using  8  cubic  feet  of  gas  per  hour  and  burning 
with  a  yellow  flame  in  an  unventilated  room 
the  CO  %  of  the  air  increased  from  0.02  at 
the  end  of  0.5  hour  to  0.16  in  3.1  hours,  at 
which  time  the  flame  was  smothered,  owing 
to  the  high  %  of  products  of  combustion  and 
the  lack  of  supporting  0." 
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Mercury  Poisoning.  B.  R.  Sayers.  Ab- 
stracted as  follows  from  U.  S.  Bur.  Mines, 
Rep.  Investigations  No.  2354,  1922,  in  Chem. 
Abstr.,  July  20,  1922,  16,  No.  14,  2367.— "Hg 
poisoning  occurs  whenever  Ug  in  finely  di- 
vided form,  as  in  fumes,  oil  suspension,  or 
aqueous  solution,  comes  in  contact  with  the 
skin,  lung  tissue  or  the  digestive  tract.  The 
symptoms  include  stomatitis,  salivation, 
tremors,  with  degenerative  organic  changes. 
Proper  ventilation  and  personal  cleanliness 
obviate  most  of  the  bad  effects  in  those  other- 
wise healthy.  Hg  appears  to  combine  with  the 
brain  tissue  and  to  interfere  with  motor  but 
not  sensory  nerves.  The  mucous  membranes 
become  inflamed  and  ulcerated.  Anemia  is 
almost  always  present,  very  marked  if  ex- 
posure covers  a  long  period.  Remedial  meas- 
ures are  principally  forced  ventilation  and 
personal  cleanliness.  Attention  to  hygiene, 
including  bathing,  protection  by  clothing  and 
masks,  clean  clothes,  regular  habits  of  elim- 
ination aided  by  Mg  citrate  are  essential  for 
health  when  exposure  to  Hg  is  continuous. 
Suggested  rules  are  given  in  detail  by  which 
workers  may  avoid  most  if  not  all  of  the  ill 
effects  of  Hg  absorption." — Philip  Drinker. 

Lead  Poisoning  in  the  Pottery  Industry. 
Lancet,  July  15,  1922,  203,  No.  5159,  141-142. 
— Some  increase  in  lead  poisoning  is  recorded 
in  the  pottery  industry  during  1921,  even 
though  a  particularly  stringent  code  of  regu- 
lations for  its  prevention  applies  to  this  in- 
dustry. The  increase  in  case  incidence,  how- 
ever, is  slight,  and  remains  far  lower  than  be- 
fore the  regulations  were  established — twen- 
ty-four cases  in  1920,  and  thirty-four  in  1921, 
in  comparison  with  an  annual  average  of 
seventy-six  for  the  years  1909  to  1911.  On 
the  other  hand  fatal  cases  remain  unreduced 
in  number;  but  examination  of  length  of 
■employment  of  the  victims  disclosed  the  fact 
that  the  poisoning  was  incurred  many  years 
previously ;  thus,  of  eleven  workmen  who  died 
from  lead  poisoning  in  1921  nine  had  been 
■employed  on  an  average  of  tliirty-four  years. 
For  a  chronic  poison  like  lead,  many  years 
must  elapse  before  the  benefit  of  lessened  risk 
ean  find  expression  in  mortality  data. — E.  L. 
Collis. 

Health  and  the  Five-Day  Week  for 
Painters.      Louis    I.    Harris.      Am.    Labor 


Legis.  Rev.,  June,  1922,  12,  No.  2,  126-127.— 
The  writer  studied  400  painters  and  learned 
that  about  60  per  cent,  were  suffering  from 
lead  poisoning,  and  about  40  per  cent,  had 
marked  symptoms  in  an  active  form.  About 
9  per  cent,  showed  that  the  poison  was  latent 
witliin  various  structures  of  the  body.  About 
11  per  cent,  were  borderline  cases  in  which 
the  evidence  of  the  presence  of  lead  in  the 
various  organs  was  strongly  suggestive  of 
beginning  lead  poisoning.  The  painter's 
trade  has  been  shown  time  and  again  to  be  an 
extra-hazardous  one.  Physical  strain  adds 
to  the  danger,  and  various  volatile  poisons 
used  are  an  additional  menace.  A  relatively 
small  proportion  of  painters  can  retain  their 
place  in  the  industry-  after  the  age  of  50. 
The  reduction  of  weekly  hours  of  labor  is  a 
necessary  health  measure. — G.  E.  Partridge. 

Labour  Members'  Bill  Concerning  the 
Use  of  White  Lead  in  Painting.  Abstracted 
as  follows  from  New  Zealand  Herald,  Feb.  1, 
1922,  in  Internat.  Labour  Office,  Indust.  and 
Labour  Information,  April  21,  1922,  2,  No.  3, 
34. — At  a  recent  session  of  the  New  Zealand 
Parliament,  a  member  contended  that  an  ex- 
cellent non-poisonous  substitute  for  white  lead 
in  paint  had  been  found,  and  that  steps  should 
be  taken  to  prohibit  the  use  of  white  lead,  as  it 
was  an  immense  danger,  not  only  to  painters, 
but  to  the  health  of  the  occupants  of  houses. 

Laws  and  Regulations  Relating  to  Lead 
Poisoning.  Gilbert  Stone.  Abstracted  from 
Publication  of  Imperial  Mineral  Resources 
Bur.,  London,  1922,  pp.  250,  in  Inteniat. 
Labour  Rev.,  June,  1922,  5,  No.  6,  1026.— 
Legislative  measures  taken  in  the  following 
industries  are  described:  (1)  lead  mining; 
(2)  lead  smelting;  (3)  white  lead;  (4)  man- 
ufacture of  paints  and  coloring  matter;  (5) 
pottery  (manufacture  and  decoration)  ;  (6) 
electric  accumulators;  (7)  use  of  coloring 
matter;  (8)  lead-coating;  (9)  vitreous  en- 
amelling; (10)  the  twisting  of  wire  dipped  in 
lead;  (11)  file-cutting;  (12)  bronzing,  litho- 
graphic, and  printing  processes. 

In  the  second  part  of  the  book,  the  legisla- 
tive texts  are  given  in  full.  A  chapter  is 
devoted  to  compensation.  An  appendix  gives 
the  British  regulation  of  August  23,  1921, 
concerning  the  manufacture  of  lead  com- 
pounds (carbonate,  sulphate,  and  acetate  of 
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lead,   etc.)    and  also   the   Act   of    November, 
1921,  relating  to  the  employment  of  women 


and  young  persons  in  lead  industries. 
Partridge. 


-G.  E. 


DUST  HAZARDS  AND  THEIR  EFFECTS 


STUDiE.-i  IN  Experimental  Silicosis  and 
Other    Piveumonokonioses.      A.    Mavrogor- 

dato.  South  African  Instit.  Med.  Res.,  Jo- 
hannesburg, 1922. — Three  years  ago  Dr. 
Mavrogordato,  who  had  worked  in  England 
with  Dr.  Haldane  on  the  effects  produced  by 
dust  inhalation,  proceeded  to  South  Africa  to 

'continue  his  studies  on  the  Kand  gold  field, 
where  silicosis  is  recognized  to  be  a  serious 
occupational  danger.  The  present  mono- 
graph, which  has  been  awaited  by  all  inter- 
ested in  the  subject,  is  based  upon 
experimental  exposure  of  animals  to  dust 
inhalation,  and  upon  clinical  observations 
and  matei-ial  available  at  Johannesburg. 

Dr.  Mavrogordato  first  tells  his  story,  set- 
ting forth  his  facts,  his  arguments,  and  con- 
clusions ;  then  in  a  series  of  appendices  he 
describes  in  detail  the  methods  followed  in 
his  experimental  observations;  finalh'  he  pre- 
sents a  series  of  114  excellent  microphoto- 
graphs  to  illustrate  the  text.  The  whole  work 
is  of  first-rate  importance  and  decidedly  ad- 
vances our  knowledge  of  silicosis.  Epidemio- 
logical observations  by  Collis  first  drew 
attention  to  the  peculiar  danger  in  relation 
to  dust  phthisis  associated  with  silica  dust. 
Experimental  work  is  now  fully  corroborating 
the  importance  of  those  observations,  for  the 
results  obtained  with  silica  dust  are  found  to 
differ  from  results  when  other  dusts  are  used. 
The  old  mechanical  theory  of  the  harmfulness 
of  dusts  now  i-eceives  its  quietus.  "It  is  not 
the  particle  that  penetrates  the  tissues,  it  is 
the  tissues  that  take  up  the  particle.  .  .  . 
Solubility  and  chemical  inertness  or  activity 
are  important,  but  the  sharp  edges  or  acicu- 
lar  shape  of  dust  particles  are  of  little  more 
than  historical  interest." 

Dr.  Mavrogordato  describes  liis  observa- 
tions using  various  dusts ;  but  reference  to  his 
work  with  silica  particles  needs  only  be  given 
here,  for  he  concludes  that  nltramieroscopic 
particles  of  chemically  inert  dusts  are  not 
dangerous.  Silica  particles  api)oar  to  possess 
a  peculiar  property  in  protecting  cells  which 
ingest  them  from  autolysis  and  from  digestion 
ir  the  lymph ;  and  the  suggestion  is  made  that 


such  particles  are  slightly  soluble  in  the  al~ 
kaline  tissue  juices,  and  that  alkaline  silicate 
so  formed  pervades  the  cell,  preserving  it  like 
a  mummy,  as  water-glass  preserves  eggs. 
Here  we  recall  the  work  of  Gye  and  Kettle^ 
who  insist  upon  the  impoi-tance  of  the  chemi- 
cal factor  in  the  behavior  of  silica  dust  and 
relate  it  to  the  formation  of  silicic  acid. 
These  workers  have  shown  that  silicic  acid  is 
in  itself  a  poison,  and  that  it  breaks  down 
tissue  resistance  to  tuberculous  infection. 
Cells  containing  silica  particles  flock  together 
to  form  pseudo-tubercles,  but  not  if  they  con- 
tain other  dust  particles;  the  appearances, 
resemble  those  of  a  positive  and  negative 
Widal  agglutination  respectively.  In  this, 
way  fused  aggregates  of  silica-laden  cells  are 
formed,  constituting  an  anatomical  tubercle; 
the  similarity  with  early  stages  of  tubercu- 
losis is  remarkable.  Later  the  pseudo- 
tubercles  undergo  fibrosis  and  obstruct  the 
lymphatics.  Evidence  is  advanced  that  cells 
which  ingest  dust  —  that  is,  dust-cells  — 
originate  from  the  epithelium  lining  the 
alveoli  and  the  blood  vessels ;  they  are  macro- 
phage cells  of  Metschnikoff. 

The  low  incidence  of  phthisis  among  coal 
miners  gives  interest  to  inhalation  experi- 
ments in  which  dust  of  coal  and  silica  was 
used,  and  to  the  conclusion  that  "once  silica  is 
fixed  in  the  lung  ti.ssues,  coal  exerts  no 
eliminative  effect,  if  anything  the  influence 
is  in  the  opposite  direction,  but  a  prior  or 
even  simultaneous  expasure  to  coal  dust  ap- 
pears to  set  up  a  condition  in  the  lung  which 
is  inimical  to  the  fixation  of  silica."  Possibly 
other  organic  dusts  may  exert  a  similar  in- 
fluence, but  up  to  the  present  time  no  ex- 
periments have  been  undertaken.  Collis  has, 
however,  pointed  out  that  fireclay  dust  ap- 
pears to  preserve  ganist(>r-briek  makers  from 
tuberculous  silicosis. 

Mavrogordato  lays  ])artieular  stress  on  the- 
part  played  by  microbic  infections  in  modi- 
fying and  accelerating  the  pathological 
changes  associated  with  silicosis,  and  suggests 
that  while  tuberculosis  is  by  far  the  most 
important  infection,  other  organisms  may  also- 
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exert  an  influence.  Here  he  finds  explanation 
of  the  undoubted  harm  associated  with  ab- 
rupt variations  in  high  air  temperature  and 
humidity  Avhich  favor  respiratory  diseases 
in  general.  Apart  from  infection,  simple 
silicosis  is  a  stationary  condition  when  ex- 
posure to  dust  ceases ;  but  after  infection  it 
need  not  remain  stationary,  since  micro- 
organisms multiply  on  their  own  account. 

The  type  of  disease  seen  now  is  more  de- 
pendent on  concurrent  infections  than  was 
the  old  type;  first,  because  dust  exposure  has 
been  lessened  and,  secondly,  owing  to  the 
employment  of  more  men  of  Afrikander  stock 
with  less  inherited  resistance,  and  of  fewer 
men  of  salted  Western  European  origin. 
Hence  cases  of  massive  fibrotic  silicosis  are 
now  rare,  but  cases  in  which  tuberculous 
infection  is  present  at  an  earh'  stage  are  more 
common.  The  suggestion  made  that  great 
damage  is  done  by  the  non-tuberculous  in- 
fective factor  is  held  to  justify  systematic 
investigation  of  the  flora,  other  than  the  tu- 
bercle bacillus,  commonly  present  in  the 
sputum  of  miners.  The  whole  monograph 
deserves  careful  consideration,  not  merely  by 
those  interested  in  tuberculoiis  silicosis,  but 
by  those  concerned  with  other  manifestations 
of  tuberculosis. — E.  L.  Collis. 

Silicosis  among  Stonemasons.  Abstracted 
from  The  Builder,  Feb.  17,  1922,  in  In- 
dust.  and  Labour  Information,  Internat. 
Labour  Office,  April  28,  1922,  2.  No.  4,  42-43. 
— A  report  on  .silicosis  among  stonemasons 
was  presented  at  a  quarterly  meeting  of  the 


Industrial  Council  for  the  Building  Industrj^ 
on  February  10,  in  which  it  was  stated  that 
the  Safety  and  Welfare  Committee  had  con- 
cluded that  the  case  for  the  inclusion  of 
stonemasons  in  the  Silicosis  Act  was  an  un- 
answerable one.  It  was  shown  that  death 
from  silicosis  in  this  trade  was  in  excess  of 
the  general  rate  comparable  with  it.  A  table 
was  presented  showing  that  the  mortality  was 
greater  in  sandstone  districts  in  England 
than  in  limestone  or  granite  districts. — G.  E. 
Partridge. 

Some  Conclusions  on  Commercial  and 
Experimental  Methods  op  Collecting 
Dust  and  Fume  in  the  Zinc  and  Blast 
Furnace  Industries.  F.  G.  Breyer.  Infor- 
mal address  before  the  Portland  Cement 
Assn.,  May  21,  1921.  Reprinted  in  Jour.  Am. 
Soc.  of  Heating  and  Ventilating  Eng., 
1922,  28,  288.— The  author  distinguishes  be- 
tween dust  and  fume  primarily  with  regard  to 
the  fineness  of  the  product.  For  his  classifi- 
cation he  places  all  du.sts  made  by  milling  or 
comminution  in  one  category,  and  fume 
products,  such  as  potassium  chloride  and  so- 
dium chloride,  iron  oxide,  and  zinc  oxide,  in 
the  other.  The  difficulties  in  handling  fume 
products,  such  as  are  encountered  in  the 
zinc  industry,  are  discussed,  and  a  theoretical 
explanation  of  the  phy.sical  state  and  size  of 
the  particles  is  advanced.  The  effect  of 
"clumping"  or  flocculation  of  particles  is 
pointed  out  and  the  importance  of  getting 
the  particles  into  this  state,  if  they  are  to 
be  collected,  is  mentioned. — Philip   Drinker. 


OCCUPATIONAL  INFECTIOUS  DISEASES:    OCCURRENCE. 
TREATMENT  AND  PREVENTION 


The  Diagno-sis  op  Pulmonary  Tubercu- 
losis prom  the  Standpoint  of  the  Indus- 
trial Physician.  Frank  A.  Craig.  Am.  Rev. 
Tuberc,  June,  1922,  6,  No.  4,  265-281.— The 
author  summarizes  as  follows : 

"1.  We  believe  that  for  the  early  detec- 
tion of  pulmouarj'  tuberculosis  there  can  be 
no  question  that  the  carefully  conducted 
health  survey  is  the  most  valuable  method  at 
our  command,  especially  valuable  being  the 
entrance  examination,  combined  with  periodic 
reexaminations  of  the  entire  force. 


"2.  The  diagnostic  standards  adopted  by 
the  National  Tuberculosis  Association  do  not 
appear  to  be  applicable  in  the  routine  exam- 
ination of  large  industrial  groups. 

"3.  The  tuberculosis  incidence  rates 
which  appear  in  literature  as  the  findings  of 
medical  examiners  in  their  studies  of  numer- 
ous industrial  bodies  are  so  lacking  in  uni- 
formity and  are  so  frequently  unaccompanied 
by  qualifying,  defining,  or  explanatory  in- 
formation that  they  are  almost  valueless  for 
comparing  the  findings  of  one  industry  ^rith 


126 


THE  JOURNAL  OF  INDUSTRIAL  HYGIENE 


those  of  another.  It  would  seem  as  though 
some  standardized  method  for  reporting  such 
cases  was  definitely  needed,  before  it  would 
be  possible  to  establish  average  tuberculosis 
morbiditj-  rates  for  various  occupations." 

In  conclusion  the  author  states : 

■'1.  The  examination  of  large  bodies  of 
men  for  the  presence  of  pulmonary  tubercu- 
losis presents  many,  but  not  insuperable, 
difficulties,  and  in  each  case  the  diagnosis  must 
rest  upon  a  careful  correlation  of  all  the  find- 
ings. While  the  most  important  information 
is-  that  obtained  by  a  physical  examination 
of  the  patient,  including  inspection,  palpa- 
tion, percussion  and  auscultation,  there  are 
other  methods  of  study  which  possess  con- 
siderable value  in  the  formation  of  the 
diagnosis. 

"2.  The  history  of  the  case  is  of  the  ut- 
most importance,  but  is  seldom  obtainable  or 
reliable  in  the  study  of  large  groups  of  men. 

"3.  In  the  routine  examination  of  large 
bodies  of  men  the  recording  of  temperaiurc 
seems  to  be  of  questionable  value,  although 
it  may  prove  invaluable  in  the  study  of  in- 
dividual eases. 

"4.  Prom  the  standpoint  of  tuberculosis 
the  recording  of  the  pulse  rate  offers  very 
little  if  any  information  of  value. 

"5.  Loss  of  iveight  is  a  finding  of  con- 
siderable value  and  one  which  is  readily  ob- 
tained. The  age  and  height  must  be  taken  into 
consideration  in  studying  the  weight  of  tlie 
individual. 

"6.  A  systolic  blood  pressure  which  is  be- 
low the  normal  for  the  age  of  the  patient  is 
a  very  suggestive  finding.  The  recording  of 
the  blood  pressure  should  be  included  in  the 
study  of  every  large  body  of  men  for  many 
reasons. ' ' 

Occupation  and  Tuberculosis.  Koelsch. 
Abstracted  from  Zeitschr.  f.  Tuberk.,  Oct., 
1921,  34,  p.  581,  in  Am.  Rev.  Tuberc.  July, 
lf22,  6,  No.  5,  147.— "We  must  make  a  dis- 
tinction between  a  case  of  pulmonary 
tuberculosis  due  to  childhood  infection  which 
is  provoked  into  activity  by  occupation  and 
a  case  due  to  massive  reinfection  of  the 
worker  in  the  factory.  In  the  former  the 
occupation  per  se  causes  a  flaring  up  of  a 
process  already  present  from  childhood;  in 
the  latter  the   active  tuberculosis   is  caused 


not  so  much,  if  at  all,  bj'  the  occupation,  but 
merely  by  an  accident  of  circumstances  such 
as  careless  expectoration  by  tuberculous 
workmen  in  the  shop.  Besides  these  direct 
causes  of  occupational  tuberculosis,  there  are 
indirect  causes,  such  as  poor  wages  and  conse- 
quent poor  housing,  poor  food,  scant  clothing, 
etc.  Only  cases  of  the  first  kind  should  be 
considered  as  occupational  tuberculosis.  The 
main  occupational  cause  of  activation  of  a 
quiescent  tuberculous  process  is  dust.  Only 
certain  types  of  dust,  however,  are  responsible 
lor  the  activation  of  a  latent  tuberculous 
process,  namely,  dust  that  remains  in  the 
lung  tissue,  such  as  quartz  and  silica ;  whereas 
coal  dust  is  in  great  part  transported  from 
the  lung  by  the  phagocytes  and  the  lymph 
channels.  Of  1,800  persons  examined,  100 
were  stone-masons,  1.000  porcelain  workers, 
100  ball-bearing  grinders,  and  600  workers  in 
cement,  with  a  percentage  incidence  of 
siderosis  of  63,  45,  30  and  15  respectively. 
Siderosis  often  activates  a  latent  tuberculous 
process,  but  the  percentage  in  the  above- 
mentioned  workers  was  not  ascertained." 

The  Relationship  of  Tuberculosis  and 
Injury.  Tubercle,  June,  1922.  3,  No.  9. — 
Dr.  N.  Tattersall  challenges  the  accepted 
opinion  that  tuberculosis  may  be  determined 
by  trauma,  pointing  out  that  experimental 
wcrk  on  the  one  hand  and  war  injuries  on 
the  other  do  not  support  this  view.  He  con- 
siders, however,  that  the  evidence  is  clear 
that  injurj^  majr  activate  pre-existing  and 
possibly  latent  foci,  and  that  as  a  result  a 
sudden  massive  dose  of  bacilli  may  be  dis- 
seminated through  the  tissues.  In  pulmonary 
cases  the  mediastinal  glands  are  probably  the 
site  whence  dissemination  follows  upon  in- 
jury. When  lighted  up  by  injury  tubercu- 
losis appears  promptly,  that  is,  after  a  few 
days  or  weeks.  Hence,  in  considering  any 
case,  knowledge  of  previous  health  and  of  the 
rapidity  of  development  after  the  injury,  is 
of  great  importance. 

Dr.  A.  Brownlee  reviews  the  literature  and 
describes  cases  in  support  of  Tattersall 's  view 
that  while  trauma  may  aggravate,  it  seldom, 
if  ever,  originates  tuberculosis.  He  points  to 
the  rarity  of  tuberculosis  among  the  numer- 
ous group  of  athletic  injuries.  Injuries  are 
common  and  tuberculosis  is  not  unusual,  but 
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the  combiuation  is  sufficiently  unusual  as  to 
fall  within  the  limits  of  coincidence. — E.  L. 
Collis. 

The  Coal  IVIine  as  a  Tuberculosis  Sani- 
tarium. Am.  Labor  Legis.  Rev.,  June,  1922, 
12,  No.  2,  131. — Mortality  statistics  cannot  be 
accepted  as  an  indication  that  coal  mining 
is  a  desirable  occupation  for  tuberculous 
patients  (although  it  has  been  stated  that  coal 
dust  may  not  be  injurious  to  the  lungs). 
Lack  of  rest  and  of  sunshine,  exposure  to 
changing  temperature,  poor  housing,  etc.,  are 
not  favorable  conditions  for  the  tuberculous. 
The  death  rate  from  tuberculosis  among 
miners  is  perhaps  lessened  by  the  high  rate 
of  deaths  by  accident,  and  by  the  fact  that 
tuberculous  miners  seek  other  occupations  in 
which  to  die. — G.  E.  Partridge. 

SYPHn.,is  as  an  Economic  Factor  in  In- 
dustry. J.  M.  Quirk.  Reviewed  from  Inter- 
nat.  Jour.  Surgery,  May,  1922,  35,  No.  5,  in 
Pub.  Health  Jour.,  July,  1922,  13,  No.  7. 
833. — "The  author  gives  a  general  discussion 
of   the    history    and   prevalence    of    sj'philis. 


Syphilis  attacks  every  organ  and  tissue  in  the 
human  body  and  simulates  almost  every  known 
disease.  Its  lesions  are  not  always  easy  to 
distinguish,  and  the  author  states  that  he 
often  has  men  reporting  all  sorts  of  injuries 
that  are  primarily  due  to  syphilitic  lesions. 
In  its  late  manifestations  with  the  involve- 
ment of  the  deeper  tissues,  we  again  have  a 
serious  economic  charge  against  industry. 
The  diseased  bone  of  the  syphilitic  snaps  in 
some  slight  injury  and  convalescence  is  pro- 
longed beyond  the  normal  limit.  The  patient 
affected  with  syphilitic  aortitis  dies  from 
some  slight  injury — industry  pays.  A 
trivial  trauma  to  the  head  may  be  followed 
by  an  epileptiform  attack  common  to  syphilis, 
and  industry  pays.  A  neurosyphilitic  loses 
muscular  co-ordination  or  mental  concentra- 
tion, an  accident  occurs  and  industry  pays. 
What  shall  industry  do?  Encourage  educa- 
tion and  treatment.  Lecturers  should  be  en- 
gaged, for  lecturers  are  preferable  to 
pamphlets,  because  many  will  listen  to  that 
which  they  are  unwilling  to  read.  The  author 
recommends,  besides,  prophylaxis  and  pro- 
phylactic education  for  industry." 


OCCUPATIONAL   AFFECTIONS    OF  THE  SKIN  AND  SPECIAL  SENSES 


Dermatosis  Following  the  Use  of  Cut- 
ting Oils  and  Lubricating  Compounds. 
William  J.  McConnell.  U.  S.  Pub.  Health  Ser., 
Pub.  Health  Rep.,  July  21,  1922,  37,  No.  29, 
1773-1794. — An  excellent  critical  inquiry  of 
the  subject  is  presented,  together  with  a 
bibliography.  Part  I  discusses  the  advent, 
classification,  analyses,  uses,  application,  rec- 
lamation and  sterilization  of  cutting  oils  and 
lubricating  compounds.  Part  II  deals  with 
cutting-oil  dermatosis  —  its  prevalence,  le- 
sions, symptoms,  prevention,  and  theories  as 
to  its  causation. 

Several  plants  were  studied.  Recommenda- 
tions for  the  prevention  of  dermatosis  con- 
sisted in  the  use  of  a  sawdust-liquid  soap 
mixture  for  thoroughly  cleansing,  followed 
by  the  application  of  lanolin  before  beginning 
work  in  the  morning,  and  after  lunch.  After 
work  the  hands  were  to  be  washed  with  warm 
water  and  soap,  and  dried.  No  emollients 
were  to  be  applied  unless  actual  abrasions 
were  present.  Lesions  on  the  thighs  are  best 
prevented  by  wearing  aprons  impermeable  to 


oils.  In  plants  where  the  preceding  precau- 
tions were  strictly  enforced,  the  dermatoses 
were  eliminated  within  eight  months;  in 
plants  where  the  preventive  measures  were 
available  but  not  enforced  21  per  cent,  of 
the  former  patients  still  had  dermatosis,  and 
when  the  measures  were  not  supplied,  though 
recommended,  48  per  cent,  still  had  derma- 
tosis. 

The  oils  and  compounds  produce  initial 
dermatosis  by  obstruction  of  the  sebaceous 
follicles — the  underlying  cause  being  a  defi- 
ciency of  the  natural  oiliness  of  the  skin.  In- 
fections are  secondary. 

Prevention  depends  upon  thorough  cleanli- 
ness and  the  application  of  lanolin  and  castor 
oil  to  the  skin  before  beginning  work.  Cure 
h  accomplished  by  rest  of  the  affected  part 
and  by  constant  use  of  the  preventive 
measures. — B.  Cohen. 

Skin  Irritants:  External  and  Internal. 
C.  Guy  Lane.  Boston  Med.  and  Surg.  Jour., 
July  20,  1922,  187,  No.  3,  108-115.— In  a  re- 
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view  of  the  records  of  6(X)  cases  with  the 
diagnosis  of  dermatitis  at  the  Massachusetts 
General  Hospital  Out-Patient  Department, 
1]  per  cent,  were  found  to  be  of  industrial  or 
probably  industrial  origin,  housewives  being 
included  in  this  classification.  For  the  der- 
matitis of  printers,  the  use  of  a  mixture  of 
liquid  soap  and  sawdust  for  cleaning  pur- 
poses and  of  lanolin  and  oil  before  going  into 
the  pressroom  was  sufficient  to  prevent  fur- 
ther eruptions.  Among  rubber  vulcanizers 
using  hexamethylenetetramine.  the  immer- 
sion of  exposed  parts  in  an  aUialine  solution, 
such  as  a  saturated  sodium  bicarbonate  solu- 
tion, before  going  to  work,  prevented 
eruptions  in  sensitive  individuals.  Mention 
is  made  of  dentists  susceptible  to  novocain. — 
B.  Cohen. 

Arsenical  Pigmentation  of  the  Skin. 
D.  W.  Montgomery  and  G.  D.  Culver.  Ab- 
stracted as  follows  from  Med.  Rec,  1922.  101, 
665-667,  by  F.  S.  Hammett  in  Chem.  Abstr.. 
June  20.  1922.  16,  No.  12.  1988.— "Skin  pig- 
mentation by  As  is  an  example  of  the  stim- 
ulating effect  of  the  element  on  metabolism." 

Ageiculturae  Conjunctivitis.  James  F. 
Patton  and  Sanford  R.  Gifford.    Am.  Jour. 


Ophth.,  Aug.,  1922,  5,  Xo.  8.  623-637.— The 
author  concludes  as  follows : 

"1.  Six  cases  were  seen,  all  but  two  of 
which  presented  the  common  features  of  enor- 
mous swelling  of  the  lids,  swelling  of  the  re- 
gional lymph  nodes,  superficial  necrosis  of 
the  skin  of  the  lids,  and  membrane  on  the 
conjunctiva.  The  other  two,  though  lacking 
one  or  two  of  these  signs,  were  similar  enough 
to  warrant  their  inclusion  as  atj-pical  cases. 

"2.  All  occurred  in  healthj^  adult  or  ado- 
lescent males  engaged  in  outdoor  occupations. 

"3.  Three  gave  a  history  of  slight  trauma 
to  the  conjunctiva  or  lids.  None  had  been 
exposed  to  diphtheria  or  showed  any  signs  of 
it  on  other  mucous  membranes. 

"4.  Mixed  infection  was  present  in  all 
cases,  the  streptococcus,  staphylococcus,  B. 
xerosis,  and  a  large  grampositi/e  anaerobic 
bacillus  being  found.  The  last  was  probably 
present  in  five  of  the  six  cases,  and  on  account 
of  the  rarity  of  similar  findings  on  normal 
lids  or  conjunctiva,  is  considered  as  possibly 
having  an  etiologie  relation  to  the  cases. 

"5.  The  cases  seemed  to  form  a  distinct 
enough  clinical  picture  to  warrant  their  in- 
clusion in  a  group  for  which  the  name  'agri- 
cultural conjunctivitis'  is  suggested." 


OCCURRENCE  AND  PREVENTION  OF  INDUSTRIAL  ACCIDENTS 


Industrial  Accidents.  S.  Garcia-Tornel. 
Abstracted  as  follows  from  Rev.  Espanola 
Med.  y  Cirugia,  Feb.,  1922,  5,  No.  44,  78,  in 
Jour.  Am.  Med.  Assn.,  June  3,  1922,  78,  No. 
22,  1767. — "This  is  a  detailed  report  of  the 
recent  Spanish  congress  on  industrial  acci- 
dents, the  first  of  its  kind.  The  address  of 
the  president.  Dr.  Oiler,  was  entitled  'Medi- 
cal reforms  necessary  to  introduce  in  the 
bill  now  pending  on  indu.strial  accidents.' 
A  resolution  was  adopted  to  the  effect  that 
when  an  operation  is  necessary  and  harmless, 
the  injured  workman  should  be  given  the 
choice  of  submitting  to  the  operation  or  re- 
linquishing his  claim  for  indemnity.  Another 
resolution  referred  to  a  conflict  of  opinion 
between  medical  experts  in  cases  involving 
workmen's  compensation.  In  this  ease  the 
workman  should  be  examined  by  the  local 
professor  of  surgery,  a  hospital  surgeon,  and 
a  surgeon  member  of  the  Academv  of  Medi- 


cine or,  if  not  available,  a  corresponding  trio 
appointed  by  the  local  medical  society.  One 
resolution  stated  that  hernia  and  lumbago 
should  not  be  considered  as  permanent  dis- 
abilities."— C.  K.  Drinker. 

Industrial  Accidents  in  Mexico  during 
1920.  Abstracted  from  Internat.  Labour  Of- 
Kce,  Indust.  and  Labour  Information,  Jan.  13, 
1922,  p.  50,  and  Feb.  3,  1922,  p.  47,  in  U.  S. 
Bur.  Labor  Statis.,  Month.  Labor  Rev.,  June, 
1922,  14,  No.  6,  155.— "An  official  report  of 
industrial  accidents  in  Mexico  during  1920 
shows  that  the  mining  industry  was  responsi- 
ble for  6,719  of  the  7,019  accidents,  affecting 
7,031  and  7,404  persons,  respectively.  The 
transportation  industry  stood  second  with  122 
pei'sons  injured  in  114  accidents,  and  metal- 
lurgj'  third  with  127  persons  injured  in  77 
accidents.  Of  the  7,404  injuries,  6,247  were 
slight,   798  serious,  and   359   fatal.     Of  the 
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nonfatal  accidents  94.96  per  cent,  occurred 
in  mining,  1.70  per  cent,  in  metallurgy,  and 
1.65  per  cent,  in  the  transportation  industry. 
A  total  of  471,732.98  pesos  ($235,158.89,  par) 
was  paid  out  in  the  form  of  indemnity  and 
aid." 

Accident  Prevention  a  Branch  of  Wel- 
fare Work.  D.  D.  Goldingham.  Indust. 
Welfare,  1922,  4,  No.  8.— This  is  the  first  of  a 
series  of  articles  to  appear  on  this  subject.  It 
is  stated  that  welfare  workers  have  not  paid 
much  attention  to  accident  prevention  as  yet, 
fixst,  because  of  their  misconception  of  the 
causes  of  accidents,  and  secondly,  because  of 
the  high  standard  of  machine  guarding  in  fac- 
tories inspected  bj'  the  factory  department. 
"An  understanding  as  to  the  real  cause  of 
accidents  and  the  psychology  of  human  be- 
ings is  of  greater  value  in  the  preventive  field 
than  an  intimate  acquaintance  with  machin- 
ery or  machine  guarding."  Hence  the  wel- 
fare worker  has  an  important  part  to  play. 
A  table  containing  the  results  of  the  investi- 
gation of  5,000  industrial  accidents  is  given. 
Of  this  number  29.42  per  cent,  were  non- 
mechanical;  of  the  mechanicri!  accidents 
(20.58  per  cent.)  it  is  doubtful  if  10  per  cent, 
could  have  been  prevented  bj*  more  efficient 
safetv  devices. — E.  Hewitt. 


the  entire  metallurgical  industrj-  except  iron 
blast-furnace  plants,  accident  reports  for 
those  not  being  received  by  the  Bureau  of 
Mines.  The  figures  for  smelting  plants  cover 
copper,  lead,  gold,  and  silver  smelters  and 
refineries ;  those  for  ore-dressing  plants  rep- 
resent concentrating  plants  for  copper  ores, 
lead  ores,  zinc  ores,  stamp  mills,  cj'anide 
plants,  iron-ore  washers,  flotation  miUs,  and 
sampling  works." — M.  C.  Hamblet. 

Coal  Mine  Accidents.  Am.  Labor  Legis. 
Rev.,  June,  1922,  12,  No.  2,  122-124.— The 
United  States  Bureau  of  Mines  reported  2,271 
fatal  coal  mine  accidents  for  the  country  in 
1920,  and  only  13  per  cent,  less  in  1921, 
although  production  was  23  per  cent,  lower. 
Probablj'  more  than  150,000  non-fatal  acci- 
dents occur  annually  in  the  coal  mines  in  the 
country.  The  fatality  rate  in  tha  coal  mines 
in  the  United  States  is  three  times  as  high  as 
that  of  Great  Britain,  and  has  been  so  for 
many  years.  The  rate  in  1910  was  four  times 
as  high  as  in  Belgium  and  Austria.  The 
causes  are  insufficientlj^  stringent  laws,  inade- 
quately trained  inspectors,  ignorant  foremen 
and  fire  bosses,  indifferent  employers,  unin- 
structed  and  careless  miners.  We  have  not 
yet  eradicated  one-half  of  the  preventable 
deaths. — G.  E.  Partridge. 


Accidents  at  LIetallurgical  Works  in 
THE  United  States  during  the  Calendar 
Year  1920.  William  W.  Adams.  U.  S.  Bur. 
Mines,  Tech.  Paper  297,  1922.  pp.  28.— "The 
tables  in  this  publication  have  been  compiled 
by  the  Bureau  of  Mines  from  leports  fuf- 
nished  voluntarily  and  directly  by  operators 
of  ore-dressing  plants  and  smelters  through- 
out the  United  States,  with  the  exception  of 
information  for  the  States  of  California  and 
Utah.  The  statistics  herein  presented, 
although  not  altogether  complete,   represent 


Progress  in  Dust-Explosion  Prevention. 
David  J.  Price.  Chem.  and  Metall.  Engin.. 
June  28,  1922,  26,  No.  26.  1203-1206.— The 
author  gives  a  summarized  account  of  ex- 
plosions in  industries  where  fine  du.sts  of  a 
highly  oxidizable  type  are  encountered. 
Among  the  explosives,  the  powders  enu- 
merated are  flour,  cereals,  feed,  starch  and 
corn  products,  chocolate,  cocoa,  aluminum, 
and  hard  rubber.  Efficient  methods  of  collect- 
ing and  handling  the  fine  dusts  are  the  obvi- 
ous remedies  suggested. — Philip  Drinker. 


INDUSTRIAL  SURGERY 


Low  Back  Pain:  Its  Cause.  J.  T.  O'Fer- 
rall.  Abstracted  from  Jour.  Bone  and  Joint 
Surgery,  April,  1922,  4.  No.  2,  384,  in  Jour. 
Am.  filed.  Assn.,  June  3,  1922,  78,  No.  22, 
1757. — "Thirty-seven  of  the  forty  patients 
whose  histories  are  r('\iewed  by  O'Ferrall 
designated  the  lumbosacral  .joint  or  the  lum- 


bosacral angles  as  the  point  of  pain,  and  in 
each  instance  tenderness  existed  at  this  point 
or  points.  Two  designated  the  left  hip  and 
thigh  and  leg  as  the  site  of  pain,  which  was 
probably  referred  pain  due  to  pressure  of  the 
lumbosacral  cord  from  swelling  of  the  lumbo- 
sacral ligaments.     One   patient   referred  his 
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pain  to  the  sacrum.  Examination  revealed 
that  spasm  of  the  spinal  muscles  existed  in 
some  decided  form,  varying  from  slight  re- 
striction of  the  spinal  motions  to  complete 
rigidity,  including  also  so-called  'sciatic  sco- 
liosis,' in  thirty  cases.  Inspection  of  the 
teeth  showed  that  infective  foci  existed  in 
the  form  of  necrotic  teeth,  crowns  and  fillings 
(potential  infectious  foci)  in  eighteen  eases. 
Five  cases  showed  infected  tonsils  or  nose; 
seventeen  were  negative  for  pathology,  and 
eighteen  showed  no  record  had  neen  made  of 
an  examination  of  the  nose  and  throat.  The 
treatment  given  consisted  mainly  in  clearing 
up  infectious  foci,  administering  mixed 
treatment  for  those  having  a  positive  Wasser- 
mann  reaction,  or  who  were  otherwise  sus- 
pected of  having  syphilis,  and  in  gi\ing  occa- 
sional doses  of  acetylsalicylic  acid  and  cinco- 
phen.  In  many  cases  no  other  treatment  was 
required  than  fixation  of  the  spine.  O'Fer- 
rall  believes  that  too  much  dependence  is  put 
on  the  roentgen  ray  as  an  aid  to  diagnosis." 
— C.  K.  Drinker. 

Study  op  208  Case.s  of  Lovter  Back  Pain. 
J.  R.  Kuth.  Abstracted  as  follows  from  Jour. 
Bone  and  Joint  Surgery,  April,  1922,  4,  No. 
2,  357,  in  Jour.  Am.  Med.  Assn.,  June  3,  1922, 
78,  No.  22,  1757. — "Pain  in  the  lower  half  of 
the  back  was  the  chief  complaint  in  all  cases 
analyzed  by  Kuth.  The  most  frequent  site 
was  the  sacro-iliac  area,  97  times.  Next  in 
frequency  were:  the  lumbar  area,  55  times; 
lumbosacral  area,  31  times;  gluteal  area,  19 


times;  dorsolumbar  area,  11  times;  coccygeal 
area,  4  times ;  dorsal  area,  2  times,  and  in  the 
midsacral  area,  once.  Aside  from  pain  in 
lower  back,  149  subjects  complained  of  other 
pains  radiating  into  the  lower  extremities;  in 
140,  the  pain  followed  down  the  posterior 
thigh  and  often  into  the  outer  aspect  of  leg 
and  foot.  These  pains  were  always  found  on 
the  same  side  as  the  back  pain  or  on  the  side 
where  the  back  pains  were  severest.  Kuth 
suggests  that  in  all  cases  of  low  back  pain  the 
possibility  of  a  progressive  disease  of  the 
spine  or  of  the  spinal  cord  should  be  kept  in 
mind.  The  best  results  from  treatment  were 
obtained  in  eases  in  which  static  abnormalities 
were  corrected,  in  which  lower  back  structures 
wei-e  protected  or  put  at  rest,  and  in  which 
such  structures,  if  shortened,  were  stretched. 
Graduated  systematic  exercises  were  an  im- 
portant adjunct  in  the  treatment  of  many  of 
these  cases."- — C.  K.  Drinker. 

Traumatic  Osteitis  of  the  Wrist.  Mark 
H.  Rogers.  Boston  Med.  and  Surg.  Jour., 
June  1,  1922,  186,  No.  22,  730-733.— There  is 
a  condition  of  the  wrist  that  involves  one  of 
the  carpal  bones,  either  the  semilunar  or 
scaphoid,  which  is  often  mistaken  for  tuber- 
culosis, infectious  arthritis,  or  fracture.  The 
onset  is  very  gradual,  a  matter  of  months, 
and  follows  trauma.  There  is  no  trouble  for 
the  patient  as  long  as  the  wrist  is  rested. 
Upon  return  to  mechanical  work,  the  disabil- 
ity becomes  acute.  Three  such  cases  occurring 
in  mechanics  are  described. — B.  Cohen. 


INDUSTRIAL   PHYSIOLOGY:    NUTRITION,  METABOLISM, 
FATIGUE,  ETC. 


Stature  in  Relation  to  Physical  Stand- 
ards of  Fitness.  C.  R.  Sylvester-Bradley. 
Proc.  Roy.  Soe.  Med.,  June,  1922,  15,  No.  8, 
War  Section,  pp.  18-25. — The  author  con- 
cludes as  follows: 

"(1)  That  the  common  practice  of  using 
age  as  the  basis  for  tabulating  anthropomet- 
rical  statistics  is  fundamentally  wrong. 

"(2)  That  standards  of  physique  may  be 
very  closely  correlated  to  the  trunk  length 
or  stature  in  the  normal  individual  up  1o  the 
age  of  21  years. 

"(3)  That  our  physical  standards  of  fit- 
ness for  the  enlistment  of  recruits  into  the 


various  services  require  considerable  revision. 

"In  conclusion,  I  would  remind  you  that 
our  standai'ds  of  physique  have  been  arrived 
at  empirically,  that  is  to  say,  on  the  false 
assumption  that  men  of  equal  physique  should 
be  capable  of  performing  an  equal  amount  of 
work  in  a  given  time ;  but  physique  is  of  no 
value  to  a  soldier  or  sailor  unless  he  possesses 
the  vigour  and  mental  capacity  to  carry  out 
all  the  duties  he  may  be  asked  to  perform  in 
actual  warfare. 

"To  obtain  soldiers,  sailors  or  airmen  best 
fitted  for  the  warfare  of  the  future,  the  re- 
cruiting medical   officer   must  be   something 
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more  than  the  hidebound  automaton  he  has 
been  in  the  past.  He  must  be  intimately 
acquainted  with  all  the  chai'acteristies  of  nor- 
mal man.  To  quote  from  Professor  Karl 
Pearson  in  his  Presidential  Address  to  Sec- 
tion H  of  the  British  Association  for  the 
Advancement  of  Science,  1920 :  '  Ps3-chophys- 
ieal  and  psycho-physiological  characters  are 
of  far  greater  weight  in  the  struggle  of  na- 
tions today  than  the  superficial  measure- 
ments of  man's  body.  Physique,  in  the  full- 
est sense,  counts  for  something  still,  but  it  is 
physique  as  measured  bj^  health,  not  by  stat- 
ure or  eye-colour.  But  character,  strength 
of  will,  mental  quickness  count  more,  and  if 
anthropometry  is  to  be  useful  to  the  State  it 
must  turn  from  these  rusty  old  weapons,  these 
measurements  of  stature  and  records  of  eye- 
colour,  to  more  certain  appreciation  of  bodily 
health  and  mental  aptitude,  to  what  we  term 
vigorimetry  and  to  psychometry.'  " — M.  C. 
Shorley. 

Alcohol  and  Industrul  Efficiency.  Ed- 
gar L.  Collis  and  Thomas  Oliver.  Brit.  Med. 
Jour.,  Aug.  12,  1922,  2,  No.  3215,  244-248, 
251-252. — ^A  discussion  of  this  subject  which 
took  place  at  the  annual  meeting  of  the  Brit- 
ish Medical  Association,  in  July,  was  opened 
by  Professor  Collis. 

Taking  industrial  efSciency  to  mean  the 
carrying  on  of  productive  labor  with  a  mini- 
mum expenditure  of  energy,  whether  such 
be  phj'sical  or  mental,  or  be  represented  by 
an  equivalent  in  wages  or  by  the  money  ex- 
pended on  raw  material  or  necessary  plant. 
Dr.  Collis  defined  the  subject  for  discussion 
to  be  whether  the  consumption  of  alcohol  ex- 
erts any  influence  upon  these  factors,  and  if 
so,  in  what  direction.  He  distinguished  be- 
tween convivial  and  industrial  drinking,  but 
stated  his  case  under  the  latter  heading,  at 
the  same  time  widening  its  scope  to  cover 
working  while  the  system  contains  alcohol, 
irrespective  of  whether  the  alcohol  is  intro- 
duced during  or  before  working  hours. 

Bodily  activities  he  divided  into  reflex  and 
volitional.  Studj-  of  the  reflexes  displayed 
alcohol  as  a  drug  which  depresses,  and  while 
there  was  a  want  of  direct  evidence  that  the 
slowing  of  the  reflexes  interfered  with  indus- 
trial efficiency,  indirect  evidence  was  found 
in  accident  occurrence.  He  mentioned  the 
relationship    of   an    increased    a.:cident    inci- 


dence to  pay-day  when  drinking  facilities  are 
unrestricted,  and  the  disappearance  of  the 
mai-ked  features  of  this  relationship  with  re- 
stricted measures  and  particularly  with  pro- 
hibition. He  quoted  Dr.  Vernon's  experi- 
ences with  munition  workers,  before  and  dur- 
ing the  period  of  restriction  on  the  sale  of 
alcohol,  and  also  gave  various  American  fig- 
ures showing  the  effect  of  prohibition. 

Dr.  Collis  stated  that  no  definite  evidence 
had  been  acquired,  under  industrial  condi- 
tions, of  the  effect  of  alcohol  upon  the  ef- 
ficiency of  volitional  acts,  but  that  laboratory 
research  had  provided  certain  definite  infor- 
mation. He  quoted  the  work  of  Rivers,  Mel- 
lanby.  Vernon,  and  of  McDougall  and  Smith, 
to  show  that  alcohol  is  not  a  source  of  energy 
for  muscidar  contraction,  that  it  interferes 
with  neuromuscular  co-ordination,  and  that  it 
has  a  narcotic  influence  on  power  of  judg- 
ment and  discrimination.  Evidence  from  in- 
dustrial experience  in  this  country  appeared 
to  be  confined  to  the  apparent  influence  of 
alcoholic  indulgence  during  the  week-end  in 
bringing  about  lost  time  on  Mondays — evi- 
dence which  was  supported  by  American  ex- 
perience before  prohibition.  He  again  quoted 
American  experience  to  showf  increases  of  out- 
put following  upon  prohibition.  A  great 
cause  of  lost  efficiency  is  labor  turnover,  but 
there  appeared  to  be  no  reliable  evidence  of 
the  effect  of  alcohol  consumptioi^  upon  this. 
He  considers  that  industrial  efficiency  is  in- 
terfered with  by  the  habit  of  spending  upon 
drink  money  which  should  be  used  for  pur- 
chasing food.  The  lower  the  social  scale,  the 
greater  the  proportion  of  income  spent  on 
alcohol — a  fact  which  means  that  normal  la- 
borers who  particularly  require  energy-pro- 
ducing food  are  not  likely  to  get  the  proper 
quantity.  He  summed  up  the  position  as  fol- 
lows: 

1.  Alcohol  is  a  drug  possessing  energy 
which  the  body  can  use,  but  probably  not  for 
muscular  work. 

2.  Alcohol  interferes  adversely  with  reflex 
acts  and  neuromiiscular  co-ordination. 
The  higher  the  concentration  in  which  it  is 
consumed  the  more  pronounced  is  the  effect. 

3.  Alcoholic  habits  vary  with  the  industry, 
and  where  they  are  most  pronounced  time- 
keeping is  most  irregular. 

4.  Industrial    accidents    are    increased   by 
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the   consumption   of   alcohol   even  though   in 
moderate  amounts. 

5.  There  is  no  evidence,  either  experimen- 
tal or  practical,  that  alcohol  is  advantageous 
to  industrial  efficiency,  but  there  is  much  evi- 
dence that  it  is  harmful. 

6.  Prohibition  in  America  ajjpears  to  be  as- 
sociated with  greatly  improved  industrial  ef- 
ficiency, whether  measured  by  accident  fre- 
quency, lost  time,  or  output. 

Sir  Thomas  Oliver,  in  an  extremely  useful 
contribution  to  the  discussion,  expressed  a 
veiy  definite  belief  that  during  the  past  fifty 
years  all  classes  of  society  in  the  country  have 
been  marching  toward  sobriety.  Employment 
generally,  certain  trade  processes  partieulai-ly. 
and  also  the  amount  of  wages  paid — all  have 
an  important  bearing  upon  industrial  drink- 
ing habits;  it  was  his  opinion  that  the  estab- 
lishment of  works  canteens  had  done  much 
toward  sohing  the  problem.  He  thought  that 
each  industry  should  attempt  to  solve  the 
question  for  itself.  He  quoted  figures  which 
showed  that  in  a  coal  mine  in  South  Wales 
the  teetotal  miners  sent  to  bank  100  tons  of 
coal  for  every  seventy-two  sent  tip  by  miners 
who  indulged  too  freely  in  alcohol;  also  that 
in  an  electrical  engineering  works  in  the 
south  of  England,  where  all  the  employees 
were  abstainers,  absenteeism  averaged  only 
0.5  per  cent,  and  the  accident  claims  but  8 
per  cent,  of  the  premiums  paid;  whereas  in 
workshops  accident  claims  generally  formed 
66  per  cent,  of  the  premiums  paid. 

Sir  George  B.  Hunter,  of  the  shipbuilding 
firm  of  Swan,  Hunter  and  Richardson,  had 
given  Dr.  Oliver  a  statement  of  the  compara- 
tive number  of  hours  worked  by  riveters  who 
were  abstainers  and  riveters  who  were  known 
to  be  unsteady.  The  investigation  extended 
over  three  weeks  and  included  overtime.  The 
average  number  of  hours  worked  per  week 
by  six  total  abstainers  was  67,  62,  61,  70,  70, 
and  55,  and  by  four  men  who  were  known  to 
be  un.steady,  45,  51,  43,  and  29.  The  number 
of  hours  worked  overtime  by  the  first  six  was 
14,  11,  6,  16,  17,  and  6 ;  and  by  the  latter  four 
16,  10,  3,  and  3.  No  man  could  do  his  best, 
or  even  any  reliable  work,  after  the  free  use 
of  alcohol. — W.  F.  Dearden. 

How  Correct  Seating  Affects  Manufac- 
turing Profits.  Irviiuj  Salomon.  Indust. 
Management,  June,  1922,  63,  No.  6,  326-336.— 


The  importance  of  the  problem  of  seating  lies 
in  its  relation  to  fatigue ;  and  fatigue  in  turn 
is  closelj'  related  to  production.  Many  firms 
do  not  yet  realize  that  the  problem  of  factory 
seating  is  an  individual  problem,  and  that,  to 
be  correct,  a  chair  or  stool  must  be  adapted 
to  an  individual. 

There  are  four  elements  in  the  construction 
of  seating:  height,  seat,  back  rest,  and  foot 
rest,  the  si)eeifications  of  which  are  depend- 
ent upon  the  machine  or  bench  and  the  nature 
of  the  operation. 

The  first  consideration  in  seating  is  the  con- 
struction of  a  bench.  Its  height  should  de- 
pend upon  the  stature  of  the  worker  and  his 
relation  to  the  bench  or  working  surface.  The 
most  satisfactory  seats  (as  specified  in  Special 
Bulletin  No.  104  of  the  Department  of  Labor 
of  New  York)  are  slightly  saddle-shaped  and 
about  16  inches  wide.  For  most  work,  a  seat 
1214  to  131/2  inches  in  depth,  with  the  front 
%  inch  to  1  inch  higher  than  the  back,  is  suit- 
able. In  .some  operations  performed  at  high 
benches,  the  round  wooden  seats  have  been 
found  to  be  fairly  satisfactory,  but  these 
should  not  be  less  than  14i/^  inches  in  diame- 
ter. For  some  types  of  work  a  revolving  seat 
is  good. 

Practically  every  investigation  has  led  to 
the  recommendation  of  backs  or  back  rests  on 
stools  as  well  as  on  chairs. 

Workers  should  never  be  obliged  to  let 
their  legs  dangle  or  to  wind  them  around  the 
legs  of  the  stools.  The  foot  rest  (when  the 
chair  is  somewhat  over  18  inches  high,  the 
average  operator  cannot  put  his  feet  well  on 
the  floor)  should  be  10  inches  or  more  from 
front  to  back  and  wide  enough  to  hold  both 
feet.    A  rail  or  a  ledge  is  not  sufficient. 

The  "sitting-standing  principle"  has  re- 
ceived but  Utile  attention  from  manufactui'- 
ers  as  a  whole  until  recently.  This  means  the 
arrangement  of  working  equipment,  particu- 
larly the  seats,  so  that  a  given  operation  may 
be  done  equally  well,  sitting  or  standing. 
Practically  everything  that  has  been  written 
on  industrial  seating  approves  of  this  varia- 
tion principle,  and  it  is  probably  one  of  the 
most  direct  means  of  promoting  increased  pro- 
duction. 

The  article  contains  fifteen  figures  showing 
types  of  seating,  and  equipment,  correct  and 
incorrect. — G.  E.  Partridge. 
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WOMEN  AND  CHILDREN  IN  INDUSTRY 


Women  in  Georgia  Industries.  U.  S.  Dept. 
Labor,  Women's  Bur.,  Bull.  No.  22,  1922,  pp. 
S9. — The  surveys  reported  were  made  in  the 
periods  from  May  28  to  July  13,  1920,  and 
from  February  15  to  April  15,  1921.  The 
first  was  made  in  Atlanta,  the  second  extend- 
ed over  the  remainder  of  the  state  of  G-eorgia : 
in  the  sixteen  cities  and  towns  included,  there 
were  in  all  131  establishments  employing 
9,900  women  and  girls. 

It  was  found  that  64.3  per  cent,  of  the 
women  were  employed  ten  hours  or  more 
daily,  and  only  12.7  per  cent,  worked  less 
than  nine  hours.  Thirty  per  cent,  of  the 
women  had  a  lunch  period  of  thirty  minutes, 
and  the  same  number  were  found  to  have  one 
hour.  Median  weekly  earnings  of  white  wom- 
en were  $12.20,  of  negro  women  $6.20. 

Workroom  conditions  reported  for  122 
plants  wei-e  as  follows:  overcrowded  and  un- 
tidy workrooms  in  39  plants;  cleaning  ar- 
rangements unsatisfactory  in  54;  natural 
lighting  inadequate  in  22 ;  and  artificial  light- 
ing inadequate  or  badly  i^laced  in  74;  seats 
either  insufficient  in  number,  or  makeshift,  in 
58  places;  hazards  such  as  unenclosed  over- 
head belts,  unguarded  wheels,  and  set  screws, 
unguarded  elevator  shafts,  in  53  plants ;  fire 
hazards  in  more  than  one-half  the  establish- 
ments ;  common  drinking  cups  or  none  in  81 ; 
washing  facilities  unsatisfactory  in  98  plants, 
and  lacking  in  9 ;  toilets  insufficient  in  num- 
ber in  59,  and,  in  10,  men  and  women  using 
the  same  toilets.  In  101  establishments  there 
were  no  lunch  rooms ;  in  95,  no  rest  rooms ;  in 
78,  no  cloakrooms;  in  49,  no  first-aid  equip- 
ment.— G.  E.  Partridge. 

Child  Labor  and  the  Work  of  Mothers 
IN  Oyster  and  Shrimp  Canning  Communi- 
ties on  the  Gulf  Coast.  Viola  I.  Paradise. 
U.  S.  Dept.  Labor,  Children's  Bur..  Pub.  No. 
98,  1922,  pp.  114.— The  Children's  Bureau  of 
the  United  States  Department  of  Labor  made 
an  investigation  of  the  conditions  under  which 
mothers  and  children  work  in  nine  communi- 
ties in  iMississippi,  Louisiana  and  Florida.  In 
all,  423  families  with  1,350  children  under  16 
years  of  age  were  included  in  the  study.  The 
work  that  was  investigated  consisted  largely 
of  shucking  oysters  and  peeling  or  picking 
shrimps.    Of  the  children  from  10  to  15  years, 


25  per  cent,  were  illiterate;  and  of  649  chil- 
dren from  7  to  13  years  of  age,  41  per  cent, 
did  not  attend  school. 

Most  of  the  cannery  work  is  wet  and  dirty 
and  is  done  in  cold,  damp  drafty  sheds,  the 
workers  standing  among  the  empty  oyster 
shells  or  shrimp  hulls.  There  are  also  certain 
hazards ;  cuts  are  frequent  and  an  acid  in  the 
head  of  the  shrimp  so  affects  the  hands  that 
many  persons  can  work  only  a  few  days  at  a 
time,  and  are  then  obliged  to  rest  to  allow  the 
hands  to  heal. 

Earnings  are  low,  and  workers  who  are  im- 
ported during  the  seasons  are  housed  in  so- 
called  camps  which  usually  are  long,  low 
frame  buildings,  i^oorly  constructed,  offering 
a  minimum  of  privacy,  sanitation,  and  pro- 
tection against  the  weather.  Serious  difficul- 
ties are  met  by  families  having  young  children 
whose  mothers  work.  The  work  is  irregular 
and  the  canneries  are  situated  in  isolated 
places  making  anj'  enforcement  of  a  child- 
labor  law  difficult.  Hours  of  work  are  long 
and  the  rates  of  pay  are  arbitrary. 

The  conditions  in  this  industry  are  de- 
scribed in  detail  in  the  report,  which  includes 
tabulated  data  concerning  the  employment 
of  children,  housing,  etc.,  and  several  illustra- 
tions showing  pi-ocesses  and  conditions.  There 
is  an  appendix  containing  the  child-labor  and 
compulsory  education  legislation  in  effect  in 
Florida,  Louisiana,  and  Mississippi,  on  Jan- 
uary 1,  1919. 

No  investigation  has  been  made  to  deter- 
mine whether  the  federal  child-labor  tax  law. 
imposing  a  10  per  cent,  tax  on  canneries,  mills, 
factories  and  workshops  that  employ  chil- 
dren under  14  years  of  age,  or  children  be- 
tween 14  and  16  years  for  more  than  eight 
hours  a  day  or  before  6  a.  m.  or  after  7  p.  m. 
has  had  the  effect  of  eliminating  the  young- 
er workers  in  the  industry  studied.  No  steps 
have  been  taken  by  this  legislation  toward 
providing  necessary  schools  and  lengthening 
the  short  terms  that  pi-evail  in  some  places. 
Special  provision  is  needed  to  solve  the  prob- 
lem of  the  children  of  migratory  families, 
since  neither  the  community  whence  they 
come  nor  the  one  in  which  they  live  tempo- 
rarily feels  responsible  for  their  education 
and  welfare. — -G.  E.  Partridge. 


134 


THE    JOURNAL    OF    INDUSTRIAL    HYGIENE 


Accident  Hazard  of  "Working  Children. 
U.  S.  Bur.  Labor  Statis.,  Month.  Labor 
Kev.,  June,  1922, 14,  No.  6,  149-150.— The  Sta- 
tistical Bulletin  of  the  Metropolitan  Life  In- 
surance Company,  of  March,  1922,  showed 
that  among  the  policy  holders  of  the  com- 
pany there  were  199  fatal  accidents  among 
working  boj's  between  the  ages  of  13  and  17, 
in  1921,  43  of  which  resulted  directly  from 
the  work  in  which  the  boys  were  engaged.  A 
recent  study  in  a  textile  mill  in  Connecticut 
showed  that  of  1,164  accidents  in  which  the 
ages  of  the  workers  were  known,  more  than 
one-fourth  occurred  among  employees  under 
20  years  of  age,  although  this  group  included 
only  15  per  cent,  of  the  number  employed. 
In  Massachusetts,  there  were  1,691  industrial 
accidents  to  children  under  16  years  of  age 
in  1919  to  1920,  10  of  which  were  fatal,  and 
a  larger  proportion  resulted  in  total  disabili- 
ty than  in  the  case  of  older  workers.  During 
the  past  four  years  there  were  4,663  indus- 
trial accidents  to  children  under  16  years  of 
age  in  Pennsylvania,  10  of  which  were  fatal. 
During  these  years  there  were  in  all  59  fatal 
accidents  to  children  of  16  and  17  j-ears. 
altliough  tlie  law  prohibits  the  employment  of 
minors  under  18  years  of  age  in  extrahazard- 
ous occupations. 


There  is  a  necessity  for  proper  vocational 
guidance  and  better  supervision  of  children 
at  work,  but  notwithstanding  many  safety  de- 
vices and  safety  campaigns  the  high  percen- 
tage of  injuries  among  boys  and  girls  remains. 
It  is  suggested,  therefore,  that  young  people 
lack  the  qualities  of  attention,  concentration, 
and  carefulness  that  insure  safety  in  indus- 
trj' ;  the  natural  carelessness  of  children,  their 
adventurousuess,  lack  of  muscular  control,  ir- 
responsibility, and  love  of  play  are  important 
factors  in  the  high  accident  rate  prevailing 
among  them.  There  is  a  need,  for  these  rea- 
sons, for  strengthening  these  laws  by  specify- 
ing and  increasing  the  list  of  occupations  that 
are  regarded  as  hazardous,  and  by  raising 
the  age  at  which  children  may  be  allowed  to 
enter  industrj-. — G.  E.  Partridge. 

Health  Examination  of  Working  Chil- 
dren. Boston  Med.  and  Surg.  Jour.,  June  1, 
1922,  186,  No.  22,  744-745.— The  Department 
of  Labor  and  Industries  of  Massachusetts  is 
publishing  a  form  for  use  in  the  examination 
of  children  applying  for  employment  certifi- 
cates. The  form  is  less  detailed  than  the  one 
recommended  by  the  Children's  Bureau.  A 
copy  of  this  form  is  printed. — B.  Cohen. 


INDUSTRIAL    SANITATION:    FACTORY    CONSTRUCTION,    ILLUMINA- 
TION, VENTILATION,  HEATING, WATER  SUPPLY,  SEWAGE  DISPOSAL 


The  Work  of  the  American  Bakers  Asso- 
ciation IN  THE  Development  of  a  S.anitart 
Code  for  the  Baking  Industry.  Harry  E. 
Barnard.  Am.  Jour.  Pub.  Health,  June,  1922, 
12,  No.  6,  494.— Within  the  last  few  years  the 
food  industries  have  come  to  apppreciate  the 
value  and  importance  of  sanitation.  At  the 
last  convention  of  the  American  Bakers  Asso- 
ciation a  new  constitution  was  unanimously 
adopted.  The  purposes  of  the  association  were 
set  out  in  part  as  follows : 

"Section  1.  The  development  of  the  baking 
industry  by  increasing  the  use  of  commercial- 
ly baked  products. 

"(a)  By  securing  wider  application  by 
bakers  of  improved  methods  and  advanced 
baking  practice. 

"(b)  By  education  within  the  industry,  to 
raise  the  standard  of  sanitation  and  trade 
practices,  and  to  promote  the  use  of  whole- 


some ingredients  and  the  production  of  pro- 
ducts possessing  the  greatest  possible  food 
values. 

"  (c)  By  encouraging  proper,  and  discour- 
aging improper  legislation,  and  obtaining  rep- 
resentation for  the  industry  in  all  matters 
before  federal  and  state  bodies  and  consum- 
ers. 

"  (d)  By  promoting  intelligent  undei'stand- 
ing  on  the  part  of  the  public  in  relation  to  the 
operating  methods  and  practices  of  the  trade. 

"One  of  the  purposes  of  the  Association  is 
the  certification  of  member  bakeries,  and  the 
requirements  prior  to  certification  are  ex- 
plicit.    They  read  as  follows: 

Location  and  Construction  op  Pl.\nt 

"1.  Every  bakery  shall  conform  to  the  re- 
quirements of   the  sanitary    codes  or   other 
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statutory  provisions  and  regulations  of  the 
state,  county,  and  city  in  which  it  is  situated, 
with  respect  to  its  location  and  construction, 
bakery  equipment,  operating  methods,  and 
health  of  employees. 

"2.  Every  bakery  shall,  in  any  event,  con- 
form to  the  following  specific  requirements 
which  the  Association  deems  essential: 

"(a)  The  bakery  shall  be  so  located  that 
drainage  to  sewers  is  adequate  and  that  the 
basement  and  floors  are  not  subject  to  re- 
curring or  foreseeable  flooding. 

"  (b)  It  shall  not  be  located  adjacent  to 
conditions  or  industries  which  are  inimical 
to  the  production  of  wholesome  bread. 

"(c)  It  shall  have  convenient  toilet  rooms, 
separate  and  apart  from  the  room  or  rooms 
where  materials  and  doughs  are  kept  and 
prepared,  or  where  baked  products  are  stored 
or  handled. 

"(d)  Adequate  and  convenient  wash  rooms 
and  toilet  rooms  shall  be  provided  with  soap. 
running  water,  and  clean  towels,  maintained 
in  a  sanitary  condition. 

"(e)  Rooms  shall  also  be  provided  for 
changing  and  hanging  wearing  apparel, 
separate  and  apart  from  the  production, 
storage,  and  sales  rooms, 

"  (/)  The  bakery  shall  be  properlj-  pro- 
tected from  flies. 

"  (g)  The  bakery  shall  have  suitable 
equipment  for  handling  raw  materials,  doughs 
and  finished  products  in  a  cleanly  and  sani- 
tary manner. 

"  (h)  There  shall  be  sufficient  ventilation 
and  light  provided  to  in.sure  the  health  of  the 
employees  and  the  wholesomeness  of  the 
bakery  products,  free  from  excessive  heat, 
fumes,  dust  and  other  conditions  inimical  to 
such  health  or  wholesomeness. 

Operating  Methods 

"  (i)  The  floors,  walls,  and  ceilings  of 
every  bakery,  the  equipment  used  in  the  pre- 
paration or  handling  of  bakery  products,  or 
their  ingredients,  and  the  vehicles,  boxes, 
baskets  and  other  receptacles  in  which  bakery 
products  are  stored,  handled  or  transported, 
shall  be  kept  in  a  clean  and  sanitary  condi- 
tion, free  from  all  contaminating  matter. 

"(i)  All  bakery  products  and  their  in- 
gredients shall  be  stored,  handled,  transported 


and  kept  in  such  a  manner  as  to  protect 
them  from  spoilage,  contamination  and  un- 
wholesomeness. 

"  (k)  All  workmen  and  employees,  while 
engaged  in  the  manufacture  of  bakery  pro- 
ducts, shall  be  clothed  with  external  garments 
of  washable  material  which  shall  be  used  for 
that  purpose  only,  and  these  garments  shall 
be  kept  clean. 

"  (l)  The  smoking,  snuffing  and  chewing 
of  tobacco  shall  be  prohibited  in  the  I'ooms 
of  the  bakery  where  the  materials  and  doughs 
are  kept  and  prepared,  or  where  the  baked 
products  are  stored  or  handled. 

"  (m)  No  animals  or  fowls  shall  be  kept 
in  or  permitted  to  enter  the  bakery  rooms 
where  the  materials  and  doughs  are  kept  and 
prepared  or  where  the  baked  products  are 
stored  or  handled. 

Health  of  Employees 

"  (n)  No  person  affected  with  any  con- 
tagious, infectious,  or  other  disease,  or  physi- 
cal ailment,  which  may  render  such 
employment  detrimental  to  the  public  health, 
shall  work  in  a  bakery  or  handle  any  of  the 
products  therein  or  delivered  therefrom. 
Freedom  of  bakery  employees  from  an.y  such 
diseases  shall  be  evidenced  by  a  certificate  of 
medical  examination,  such  examination  to  be 
m.ade  at  least  anni^ally. 

"  (o)  No  person  who  has  had  typhoid 
fever  shall  be  employed  in  any  bakery  until 
adequate  clinical  examination  has  proven  the 
applicant  free  from  typhoid  bacilli. 

"The  Code  of  Ethics  reads  in  part  as 
follows : 

"1.  I  recognize  my  duty  to  the  American 
home  to  be  to  make  my  product  of  highest 
food  value  at  lowest  cost. 

"2.  I  believe  that  the  rendering  of  honest 
and  efficient  service  on  the  part  of  my  em- 
ployees deserves  fair  consideration  and  that 
they  should  receive  a  fair  return  for  their 
labor  and  be  enabled  to  enjoy  healthful  sur- 
roundings, both  phj^sically  and  morally.  I 
recognize  a  man's  inherent  right  to  work 
with  freedom  of  conviction,  without  pre- 
judice, and  I  will  expect  only  an  honest  day's 
work  and  thoughtful  consideration  of  our 
mutual  interests  and  obligations. 
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"5.  I  will  use  no  materials  or  ingredients 
other  than  those  of  known  purity  and  whole- 
someness  in  the  manufacture  of  my  products. 

"6.  I  will  at  all  times  adhere  rigidly  to 
the  truth  in  all  mj'  advertising. 

'  ■  7.  I  will  keep  my  plant  and  premises  at 
all  times  as  clean  and  sanitary  as  is  humanly 
possible,  and  welcome  public  inspection  at  all 
times.  I  shall  expect  of  my  employees  what 
the  public  has  a  right  to  expect  of  me,  that  we 
ieep  ourselves  morally  and  physically  clean. 

"At  least  half  of  the  entire  bread  produc- 
tion of  the  country,  outside  of  the  siipply 
baked  in  the  home,  comes  from  the  sanitary 
plants  of  Association  members. "  —  H.  F. 
Smyth. 

Economic  Value  of  M.untaining  Clean 
"Windows  and  Lighting  Fixtures.'  New  York 
State  Dept.  Labor,  Bull.  No.  112,  June,  1922, 
pp.  15. — The  industrial  loss  from  obstruction 
of  illumination  is  to  be  considered  as  a  practi- 
cal problem ;  the  cleaning  of  windows,  of  light 
bulbs,  reflectors,  globes  and  diffusers  of  arti- 
ficial illuminating  .sj^stems  is  considered  as 
necessary  as  the  sweeping  of  floors  and  the 
oiling  of  machinery.  In  cities  where  much 
.soft  coal  is  consumed,  or  where  numerous 
chimneys  exist,  from  which  volumes  of  flue 
dust  are  ejected,  and  in  places  where  dust  or 
fibers  are  released  in  the  pi'ocesses  of  work, 
hea\y  deposits  may  be  made  on  window  panes, 
greatly  reducing  their  transparency.  The 
cleaning  of  windows  with  water,  rags,  chamois 
skins,  brushes,  and  rubber  scrapers  is  widely 
practiced.  The  materials  generally  used  are 
soap  and  water,  but  they  must  be  used  proper- 
ly. "There  is  a  field  for  the  person  who 
■can  improve  present  day  methods  of  cleaning 
lighting  glassware,  in  respect  to  the  kind  of 
cloth  or  device  to  use,  the  cleaning  eonipouiKi 
and  the  possibility  of  saving  labor." 


The  methods  of  cleaning  used  by  three 
firms,  showing  waj-s  of  economical  cleaning 
and  of  reducing  hazards,  are  given,  and  there 
is  a  brief  discussion  of  the  effect  of  walls,  ceil- 
ings, machinery,  etc.,  on  light.  There  are 
seven  photographic  illustrations  and  a  photo- 
metric chart. — Ct.  E.  Partridge. 

Efficiency  of  Various  Kind.'^  of  Ventila- 
ting Ducts.  C.-E.  A.  Winslow  and  Leonard 
Grcenbvrg.  IT.  S.  Pub.  Health  Ser.,  Pub. 
Health  Rep.,  July  28,  1922.  37,  No.  30,  1829- 
1839. — This  is  a  study  of  the  uniformity  of 
air  distribution  attained  with  ventilating  duets 
of  various  designs.  The  British  Departmental 
Committee  on  Ventilation  of  Factories  and 
Workshops  (1907)  is  convinced  that  the  most 
important  factor  is  the  use  of  slanting  branch 
ducts  to  the  main  ventilating  duct  for  secur- 
ing greatest  evenness  of  exhaust  or  discharge 
of  air.  In  the  present  investigation,  it  was 
found  that  without  exception  branch  ducts 
gave  better  results  than  lateral  ports.  With 
either  branch  ducts  or  lateral  ports,  an 
untapered  main  duct  gave  better  results  than 
a  tapered  one.  When  other  conditions  were 
equal,  plenum  ventilation  was  more  even  than 
exhaust  ventilation. 

In  order  to  secure  the  most  even  distribu- 
tion, ventilating  systems,  on  either  the  plenum 
or  exhau.st  plan,  should  be  constructed  with 
slanting  branch  ducts,  the  question  as  to 
whether  the  main  duct  should  be  tapered  or 
untapered,  being  decided  by  the  relative  cost 
of  labor  and  materials  involved.  Reasonably 
good  distribution  can  be  economically  effected 
with  an  untapered  duct  which  discharges  or 
exhausts  through  lateral  ports.  A  tapered  duct 
discharging  through  lateral  ports  is  likely  to 
give  rise  to  serious  irregularity  in  distribu- 
tion.—B.  Cohen. 


INDIISTKIAL   INVESTIGATIONS  AND  SURVEYS 


Two  Investigations  in  Potters'  Shops. 
//.  M.  Venion,  assisted  by  T.  Bedford.  Indust. 
Fatigue  Research  Board,  Report  No.  18. 
His  Majesty's  Stationery  Office.  T.,on(lon. 
1922,  pp.  74. —  {Pvcview  hi/  author.)  Part  1  of 
this  Report,  by  H.  M.  Vernon  and  T.  Bed- 
ford, is  referred  to  in  tlie  article  section  of 


this  Journal,  i.  page  318.  In  Part  2,  Dr. 
\'ernon  discusses  the  efficiency  of  various 
types  of  potters'  drying  stoves,  with  a  view 
to  determining  wliether  the  overheating  of 
the  shops,  a  condition  produced  by  most  of 
the  types  of  stove  in  use,  is  unavoidable.  In 
most  of  the  stoves,  there  is  a  rapid  current  of 
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relatively  cool  air  passing  inwards  from  the 
shop  through  the  lower  part  of  the  doorway 
or  entrance,  and  a  current  of  relatively  hot 
ail-  passing  outwards  into  the  shop  through 
the  upper  part  of  the  doorway.  At  some  in- 
termediate position,  the  "neutral  point,"  air 
goes  neither  in  nor  out,  but  ascends  verti- 
cally, owing  to  the  heat  rising  from  the  bed 
of  steam  pipes  on  the  floor  of  the  stove.  The 
velocity  of  these  air  currents  was  measured 
by  means  of  the  kata-thermometer,  and  their 
direction  was  tested  by  smoke  paper. 

It  is  generall}'  assumed  that  the  back  draft 
air  is  laden  with  moisture,  derived  from  the 
drying  ware  in  the  stoves.  Numerous  hy- 
grometer observations  showed  that  though  the 
absolute  amount  of  moisture  in  the  outflowing 
air  was  greater  than  that  in  the  inflowing 
air,  the  relative  humidity  of  the  air,  or  the 
degree  of  saturation  with  moisture,  was  very 
much  less,  owing  to  its  high  temperature.  In 
fact,  the  drying  power  of  the  outflowing  air, 
which  is  approximately  indicated  by  the  dif- 
ference between  its  wet  bulb  and  its  diy  bulb 
temperature,  is  usually  about  three  times 
greater  than  that  of  the  inflowing  air.  Again, 
it  is  generally  assumed  that  the  air  in  pot- 
ters' shops  is  very  moist,  because  of  the  back 
draft  air  from  the  stoves  and  the  masses  of 
wet  clay  in  the  shops,  but  this  is  not  so.  Ow- 
ing to  its  high  temperature,  the  degree  of 
saturation  of  the  air  in  the  shops  is  no  greater 
than  the  degree  of  saturation  of  the  outside 
air  at  the  same  temperature.  This  was  proved 
by  many  hundreds  of  hygrometer  observa- 
tions, inside  and  outside  the  shops. 

Pottery  manufacturers  have  always  been 
imeertain  as  to  whether,  in  the  drying  of  ware 
of  moderate  size,  it  is  better  to  have  a  rapid 
current  of  warm  air,  or  a  slow  current  of 
considerably  hotter  air.  Both  on  theoreti- 
cal grounds  and  as  the  result  of  actual  experi- 
ment, it  is  concluded  that  high  temperature 
is  the  chief  requisite.  For  instance,  let  us 
suppose  that  one  voliune  of  air,  on  passing 
from  shop  to  stove,  is  heated  from  60°  to 
100°  F.,  or  alternatively  four  volumes  of  air 
are  heated  from  60°  to  70°.  It  is  calculated 
that  the  drying  power  of  the  air  at  100°,  in 
so  far  as  it  depends  on  temperature,  is  four 
times  greater  than  at  70° ;  in  so  far  as  it  de- 
pends on  increased  velocity,  however,  the  dry- 
ing power  of  the  air  at  70°  would  probably 
be  only  25  per  cent,  greater  than  at  100°. 


Of  the  various  types  of  "dobbin"  stoves 
examined,  none  were  found  to  be  eiSeient,  in 
the  sense  that  they  not  only  dried  the  ware 
well,  but  at  the  same  time  allowed  compara- 
tively little  of  their  heat  to  pass  back  into- 
the  shops.  Some  of  the  "chamber"  stoves 
were  quite  efficient  as  long  as  their  doors  were 
kept  closed,  but  many  of  them  had  such  bad- 
ly fitting  doors,  or  the  doors  were  so  fre- 
quently kept  open,  that  they  could  not  be 
called  efficient.  The  "draw-out"  stoves,  in 
which  sections  containing  hundreds  of  hot 
moulds  and  ware  were  drawn  out  from  the 
stove  as  they  were  wanted,  were  not  efficient, 
as  these  sections  gave  off  large  amounts  of 
heat  to  the  shop.  "Cabinet"  stoves,  as  long 
as  they  were  kept  closed,  were  very  efficient; 
but  best  of  all  were  the  "mangle-type" 
stoves,  in  which  the  ware  was  inserted  on 
shelves  near  the  bottom  of  the  stove,  and  as- 
cended gradually  to  the  top  near  the  vertical 
steam  pipes.  Then  it  descended,  and  by  the 
time  it  had  returned  to  the  opening  below,  it 
liad  lost  nearly  all  its  heat. 

Man}-  of  the  stoves  examined  had  no  struc- 
tural ventilation  provided,  but  it  was  found 
that  the  back  draft  air  from  these  unventi- 
lated  stoves  was  not  more  saturated  with 
moisture  than  that  flowing  from  the  venti- 
lated stoves.  The  reason  is  that  the  presence 
of  steam  pipes  on  the  floor  of  a  stove  auto- 
matically insures  a  good  circulation  of  air.  In 
unventilated  stoves  the  whole  of  this  air 
passes  into  the  shop,  but  even  in  well-venti- 
lated stoves  usually  over  half  of  it  passes 
back.  Much  can  be  done  to  reduce  the  back 
draft  from  chamber  stoves  by  taking  more 
care  to  keep  the  doors  closed,  while  the 
draft  from  dobbin  stoves  can  be  diminished 
by  blocking  the  gaps  at  the  sides  and  top  of 
the  dobbins.  It  would  be  best  of  all  to  in- 
stall cabinet  and  mangle-type  stoves,  and 
have  an  independent  system  for  warming  the 
.shops,  instead  of  depending  upon  the  hot  air 
derived  from  the  stoves,  as  under  present 
conditions. 

An  Inquiry  into  Labor  Turnover.  Con- 
DUCTED  ON  Behalf  of  the  National  Insti- 
tute OF  Industrial  Psychology.  Jour. 
Nat.  Inst.  Indust.  Psychol.,  1922,  1, 
103-107.  —  Of  172  workers  engaged  at  a 
factory  in  one  year,  121  left.  Of  these, 
eighty-eight  left  of  their  own   accord,  four- 
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teen  were  dismissed  for  unsatisfactory  work, 
ten  for  reduction  of  the  staff,  and  nine  for 
other  reasons.  If  those  dismissed  for  unsatis- 
factory work  and  for  reduction  of  the  staff 
are  excluded,  the  labor  turnover  works  out  at 
105  per  cent,  per  annum.  All  the  workers 
engaged  were  fairly  expert,  but  it  was  found 
that  their  output  was  about  20  per  cent,  below 
the  average  when  they  were  first  employed. 


and  it  did  not  reach  a  steady  value  for  twen- 
ty weeks.  It  was  calculated  that  the  poten- 
tial average  output  lost  per  worker  lea^^ng 
corresponded  to  eleven  days'  work.  In  addi- 
tion to  this  direct  loss  of  output  there  were 
indirect  losses  from  spoiled  work,  waste  of 
foremen's  time  in  giving  special  supervision, 
extra  clerical  labor  involved,  and  other 
causes. — H.  M.  Vernon. 


INDUSTRIAL  MORTALITY   AND  MORBIDITY  STATISTICS 


Essays  ox  Vital  Statistics.  1.  S.  Falk. 
Pub.  Health  Nurse,  June,  1922,  14,  No.  6,  299- 
310. — The  registration  of  deaths  is  of  great 
legal  and  commercial  importance  for  several 
reasons.  Adequate  statistics  for  the  whole  of 
the  United  States  are  not  yet  available,  for 
the  entire  country  is  not  included  in  the  reg- 
istration area  and,  besides,  there  are  various 
deficiencies  in  the  reports.  Even  in  communi- 
ties having  up-to-date  statistical  laws  and  of- 
fices, the  deaths  are  not  all  registered,  and,  re- 
garding cause  of  death,  inaecuracj'  of  certifi- 
cation is  very  great.  The  accuracy  of  diagno- 
sis is  shown  to  range  all  the  way  from  95  per 
cent,  in  diabetes  mellitus  to  16  per  cent,  in 
acute  nephritis.  Age,  place  of  residence,  and 
occupation  are  commonly  given  inaccurately 
and  an  intentional  misstatement  of  the  cause 
of  death  sometimes  occurs. 

Tables  are  presented  showing  death  rates 
for  the  registration  areas  of  the  United  States 
for  the  years  from  1900  to  1920,  and  for 
some  foreign  countries  and  leading  cities. 
Rates  for  urban  and  rural  population,  for 
white  and  colored  persons,  native  born  and 
foreign;  age  periods;  sex;  occupation;  and 
dates  are  given,  and  some  of  the  sources  of 
misconception  in  the  use  of  raw  statistics  are 
shown. 

Statistics  in  nineteen  occupations  given  by 
the  Metropolitan  Life  Insurance  Company  for 
1911-1913,  for  example,  show  the  average  age 
of  bookkeepers  at  death  to  be  36.5,  the  lowest 


in  the  list,  and  of  farmers  and  farm  laborers, 
58.5 ;  but  it  does  not  follow  that  bookkeeping 
tends  to  shorten  life.  Proportionate  mortali- 
ty figures  for  occupations  are  apt  to  be  mis- 
leading, since  a  low  death  rate  may  only  in- 
dicate in  a  particular  case  that  the  deaths 
from  other  causes  are  unusually  high. 

A  table  showing  the  death  rates  from  pul- 
monary tuberculosis  in  the  United  States  reg- 
istration area  for  1900,  although  uncorrected 
concerning  the  ages  of  persons  employed, 
shows  what  the  real  situation  is  with  regard 
to  the  relation  between  tuberculosis  and  oc- 
cupation : 

Death.s  from 

Pulmonary 

Tuberculosis 

per  100,000 

Persons  10 

Tears  of  Age 

Occupation  and  Over 

Marble  and  stone  emitters 540.5 

Cigar-makers,  tobacco  workers 476.9 

Compositors,  printers  and  pressmen..  435.9 

Servants 430.3 

Bookkeepers,  clerks  and  copyists. .  . .  39S.0 

Laborers   (not  agricultural) 370.7 

All  occupied  males 236.7 

Steam  railroad  employees 129.8 

Clergymen  123.5 

Minors  and  quarrymen 120.9 

Farmers,  planters  and  farm  laborers.  111.7 

Lumbermen  and  raftsmen 107.1 

Bankers,  brokers  and  officials  of  com- 
panies    92.1 

— G,  E.  Partridge. 
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GENERAL 


The  Physician  in  Industry:  A  Sym- 
posium. Nat.  Indust.  Conference  Board, 
Special  Rep.  No.  22,  June,  1922,  pp.  98.— 
The  National  Industrial  Conference  Board 
has  issued  for  the  Conference  Board  of 
Physicians  in  Industry  a  report  on  the  work 
of  the  physician  in  industry.  This  report  is 
in  the  form  of  a  symposium,  contributed  to 
by  seventeen  members  of  the  Conference 
Board  of  Physicians,  whose  experience  en- 
titles them  to  speak  with  authority. 

In  this  symposium  are  discussed  many  of 
the  problems  encountered  in  medical  work  in 
industry.  Each  author  has  contributed  from 
his  experience,  and  the  collective  experience 
of  this  group  forms  a  source  of  information, 
rich  in  suggestion  and  fact,  which  should  do 
much  to  identify  and  clarify  the  work  of  the 
physician  in  industry  and  to  establish  it  as 


an  integral  and  permanent  part  of  the  in- 
dustrial organization. 

Each  writer  has  discussed  his  subject  from 
his  own  viewpoint,  and  while  the  Conference 
Board  of  Physicians  as  a  whole  endorses 
these  views,  all  controversial  statements  are 
personal  opinions  of  the  writers.  The  value 
of  the  work  of  the  physician  from  the  view- 
point of  the  industrial  manager  is  discussed 
in  the  concluding  chapter. 

Among  the  questions  discussed  are  physi- 
cal examinations;  training  for  first-aid;  den- 
tal work  in  industry;  the  definition  of  the 
physician  in  industry  and  his  relation  to 
community  problems;  tuberculosis  and  heart 
disease  among  industrial  workers;  the  rela- 
tion of  the  physician  in  industry  to  the  vari- 
ous applications  of  workmen's  compensation 
laws,  with  special  reference  to  hernia,  eye  in- 
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juries,  back  injuries  and  occupational  dis- 
eases; and  rehabilitation  of  the  industrially 
handicapped. 

This  symposium  brings  together  in  concise 
form  the  present-day  information  regarding 
medical  work  in  industry  and  makes  avail- 
able, in  language  readily  understood  by  the 
lajinan,  and  partieularlj'  the  industrial  man- 
ager, the  principal  features  of  this  form  of 
industrial  activity. — F.  L.  Rector. 

Factors  Deteejiinixg  the  Length  of 
Work  Day.  Reynold  A.  Spaeth.  Nation's 
Health,  Aug.  15,"  1922,  4,  No.  8,  488-490.— 
The  striking  fact  about  the  figures  respect- 
ing the  length  of  daj-  as  related  to  output  is 
the  great  disparity  between  the  percentage 
reduction  in  hours  and  the  change  in  pro- 
duction. In  general  it  may  be  said  that  the 
chance  of  reducing  hours  without  reducing 
output  is  directly  dependent  upon  the  per- 
centage of  human  energy  expenditure  in  any 
particular  process.  In  automatic  and  semi- 
automatic machine  processes  the  optimum 
point  lies  between  a  nine-hour  and  ten-hour 
day.  As  work  becomes  heavier  with  a  longer 
handling  time  the  optimum  shifts  toward  the 
shorter  day  of  seven  or  eight  hours.  Machine 
employees  can  be  worked  ten  ho\irs  a  day 
protitablj^  to  the  employer,  and,  as  far  as  sci- 
entific methods  have  determined,  in  most 
cases  without  physical  injury  to  themselves, 
but  whether  this  should  be  done  or  not  is  an- 
other matter. 

The  phj-sical  aspects  of  the  work-day  prob- 
lem involve,  in  the  last  anah"sis,  the  discovery 
of  the  most  efficient  relation  between  work 


periods  with  their  resulting  fatigue  and  rest. 
There  are,  also,  mental  factors :  If  an  organ- 
ization is  to  be  effective  there  must  be  at 
work  subtle  psychical  factors  involving  both 
incentives  to  work  and  the  mutual  attitude  of 
men  and  management.  There  are  two  groups 
of  stimuli  that  urge  men  to  work:  necessity, 
and  an  internal  urge,  less  understood  in  the 
craftsman  than  in  the  professional  worker. 
It  is  possible  to  emphasize  the  former  when 
the  employer  class  can  apply  compulsion,  but 
it  is  necessary  also  to  release  and  make  oper- 
ative the  internal  compulsion  which  is  analo- 
gous to  the  internal  drive  that  stimulates  the 
professional  man.  The  variability  of  human 
beings  must  be  considered :  and  considering 
this,  it  is  probable  that  some  kind  of  task 
system  is  better  than  fixed  hours.  If  em- 
ployers will  try  to  develop  the  enormous 
source  of  compulsion  from  within,  the  work- 
day problem  will  have  lost  much  of  its  pres- 
ent seriousness. — G.  E.  Partridge. 

What  Ixdi.a.  Is  Doing  about  Factory 
"Working  Conditions.  Abstracted  from  The 
Times  (Trade  Supplement),  London,  in  Fac- 
tory, July,  1922,  29,  No.  1,  76-78.— A  new 
factoiy  provision  in  India  prohibits  very 
humid  atmospheric  conditions.  An  inspector 
is  given  authority  to  compel  the  repair  of 
buildings  or  machinery  which  are  in  a  con- 
dition dangerous  to  human  life  or  safety. 
There  is  prohibition  pertaining  to  the  em- 
ployment of  women  and  children  in  factories. 
Rest  hours  are  touched  upon,  at  least  one 
day  in  ten  being  for  rest.  Other  general  pro- 
visions are  made. — M.  C.  Hamblet. 


SYSTEMIC  OCCUPATIONAL  DISEASES :    OCCURRENCE,  TREATMENT 

AND  PREVENTION 


A  Heretofore  Unknown  Occupational 
Disease  in  the  Rope  Industry.  Franz 
Kazda.  Zentrlbl.  f.  Gewerbohyg..  ilay,  1922, 
10,  No.  5,  140-142. — A  rope  maker  who  had 
to  swing  a  heavy  knife  with  his  right  hand 
developed  a  large  mass  on  the  left  thoracic 
wall.  This  was  composed  of  connective  tis- 
sues, developing  after  he  began  this  work. 
There  was  a  history  of  peptic  ulcer,  followed 
by  symptoms  of  pyloric  stenosis.  Operation 
confirmed  the  diagnoses,  and  a  gastro-enter- 
ostomy  gave  relief.    The  trauma  of  the  strain 


on  the  thoracic  wall  from  swinging  the  heavy 
knife  suddenly  is  thought  to  have  caused  un- 
due motion  of  the  stomach  about  the  pylorus 
as  a  fixed  point,  with  resulting  irritation  and 
predisposition  to  ulcer  formation. — E.  L. 
Sevringhaus. 

CENTRAL  NERVOUS  SYSTEM 

OCCUP.VTIONAL  NeuRITI.S  OF  Gl.VSS  POLISH- 
ERS. lAtdivig  Telekij.  Klin.  Wchnsehr.,  July 
22,  1922,  1,  No.  30,  1507-1509.— The  author 
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discusses  the  various  forms  of  occupational 
neuritis  according  to  origin,  as  pliysical, 
toxic,  or  mixed.  After  referring  to  the  litera- 
ture he  discusses  changes  and  especially  pa- 
ralysis caused  by  pressure  on  the  ulnar  nerve 
at  the  epicondyle  of  the  humerus.  He  re- 
ports a  series  of  eight  cases  in  cut-glass  work- 
ers. The  symptoms  varied  from  numbness 
and  weakness  of  the  fingers  to  paralysis  and 
atrophy  of  the  intei'osseous  muscles  in  the 
ulnar  region,  and  in  one  case  the  flexor  carpi 
ulnaris  was  atrophied.  He  considers  that  on 
account  of  its  relative  insolubility  the  lead 
in  the  glass  can  be  ignored;  and  that  the 
causative  factor  is  pressure.  The  workers 
lean  on  their  elbows  to  steady  their  work  and 
many  show  callus  formation.  The  left  arm 
is  usually  held  steadier  and  is  more  often  af- 
fected. The  prognosis  of  the  paralysis  is 
eventually  good,  but  the  early  paresthesia 
should  be  considered  a  warning,  and  protec- 
tive measures  should  be  taken.  He  discusses 
the  physical  therapy  of  the  condition,  and 
suggests  that  wider  recognition  of  its  oeeiu-- 
rence  will  prevent  mistakes  in  diagnosis. 
Treatment  for  syphilis  had  been  erroneously 
given  to  one  of  his  patients. — J.  W.  S.  Brady. 

CIRCULATORY  SYSTEM 

Heabt  Disease  in  Industry.  W.  Irving 
Clark,  Jr.  Boston  Med.  and  Surg.  Jour., 
July  1,  1922,  187,  No.  1,  21-23.— A  summary 
is  given  of  observations  at  the  Norton  Com- 
pany, manufacturers  of  abrasives,  grinding 
wheels  and  grinding  wheel  machinery.  At- 
tention is  directed  to  Dublin's  review  indi- 
cating that  about  2  per  cent,  of  all  workers 
are  liable  to  interruption  of  steady  work, 
etc.,  because  of  heart  disease.  In  industrial 
work,  the  most  frequent  heart  lesion  found 
is  chronic  mitral  insufficiency  without  stc-nn- 
sis;  and  next  in  frequency  is  aortic  insufS- 
cieney  with  mitral  incompetence. 

The  average  number  of  employees  during 
1920  at  the  Norton  Company  was  3,200;  the 
number  of  records  reviewed,  8,100 ;  the  num- 
ber of  cases  of  heart  disease,  76;  the  percent- 
age of  employees  having  heart  disease,  0.95 ; 
the  number  of  persons  with  heart  disease  ap- 
plying for  work  but  rejected,  4. 

It  is  interesting  to  note  that  the  number 
of  workers  with  heart  disease  is  about  one- 
half   the   usual   number   in   industry.     This 


may  be  due  not  so  much  to  exclusion  be- 
cause of  examination  as  to  the  fact  that  the 
cardiac  worker  tends  to  find  his  level.  That 
is,  the  percentage  employed  in  sedentary  oc- 
cupations ought  to  be  higher. — B.  Cohen. 

The  Heart  Disease  Problem  in  Indus- 
try. Pmd  D.  White.  Nation's  Health,  Sept. 
15,  1922,  4,  No.  9,  553-556.— There  is  no  such 
complete  entity  as  industrial  heart  disease. 
Cardiac  symptoms  and  signs  in  the  industrial 
worker  are  the  result  almost  invariably  of 
nervous  fatigue  or  effort  syndrome,  or  of 
damage  by  rheumatic  fever,  syphilis,  arterio- 
sclerosis, high  blood  pressure,  or  hyperthy- 
roidism, and  rarely  result  from  accidents 
such  as  wounds  to  the  heart,  a  blow  on  the 
chest,  or  unusual  physical  strain. 

Accidents  may  involve  the  heart  in  three 
ways:  (a)  immediate  reflex  cardiac  disturb- 
ances from  injury  to  other  parts  of  the  body  ^ 
(&)  effort  syndrome  following  accidents,  par- 
ticularly severe  ones,  in  nervous  people;  (c) 
actual  injury  to  the  heart  resulting  from 
penetrating  wounds  of  the  heart  and  great 
vessels,  fi'om  crushing  injuries  to  the  chest, 
blows,  or  falls  causing  rupture  of  ventricular 
or  auricular  wall,  of  the  aorta,  or  of  the 
valve  cusps,  or,  finally,  from  rupture  of  the 
valves,  the  ventricle,  or  of  an  aortic  aneurism 
from    sudden   violent    effort. 

Industry  has  to  deal  with  the  true  heart 
disease  type  of  disorder  and  with  the  func- 
tional disorder  type.  Thousands  of  persons 
with  functional  disorders  have  been  classified 
as  cardiac  cripples  and  denied  work.  It  is 
for  industry,  with  proper  protection  to  it- 
self, to  find  suitable,  not  too  exciting  work 
for  these  individuals. — K.  R.  Drinker. 

Occurrence  and  Significance  op  Sys- 
tolic Murmurs  in  Healthy  Individuals. 
D.  C.  Parmenter.  Jour.  Am.  Med.  Assn., 
June  3,  1922,  78,  No.  22,  1680-1682.— As  a 
member  of  the  Department  of  Hygiene  of 
Harvard  College  the  author  has  been  inter- 
ested in  the  question  of  functional  heart  mur- 
murs. 

In  1919  to  1920  it  was  found  that  of 
eighty-four  men  entering  athletic  competi- 
tion about  10  per  cent,  had  functional  mur- 
murs in  the  pulmonic  area.  The  murmur 
was  systolic  in  time,  not  transmitted,  and 
usually  heard  loudest  in  the  recumbent  posi- 
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tion.  "All  men  were  subjected  to  the  follow- 
ing test.  The  heart  sounds  were  auseulted 
with  the  subjects  in  an  erect  position  with  the 
breath  exhaled  for  perhaps  twenty  seconds. 
The  same  was  done  with  the  subjects  in  a 
recumbent  position.  The  10  per  cent,  men- 
tioned above,  or  eight  men  who  already  had 
such  murmurs,  showed  a  definite  increase  in 
the  volume  of  sound  by  reason  of  this  pro- 
cedure. Twenty-five,  or  30  per  cent,  of  the 
eighiy-foiir  men,  were  found  to  have  no  mur- 
murs of  any  sort  under  these  conditions.  The 
remaining  fifty-one  men,  about  60  per  cent, 
of  the  men  examined,  showed  a  definite  mur- 
mur, systolic  in  time,  in  the  pulmonic  area. 
This  made  fifty-nine  men,  or  70  per  cent,  of 
those  examined  in  this  manner,  who  had  a 
systolic  murmur.  No  apical  or  precordial 
murmurs  could  be  produced  by  this  method, 
the  pulmonic  area  being  the  only  place  where 
any  could  be  heard.  In  all  cases  this  artifi- 
cially produced  murmur  was  loudest  in  the 
recumbent  position." 

In  1920  to  1921  similar  examinations  were 
carried  out  for  506  men  comprising  all  can- 
didates for  athletic  iL-ams  in  the  University. 
Ten  per  cent,  of  these  men  had  murmurs  on 
the  first  auscultation,  and  in  56  per  cent,  a 
murmur  was  brought  out  by  the  procedure 
described  above.  The  individuals  so  detected 
were  kept  under  observation,  but  not  restrict- 
ed in  activity.  The  results  of  this  manage- 
ment are  indicated  in  the  author's  conclu- 
sions. 

1.  The  systolic  murmur  in  the  pulmonic 
area,  even  in  an  individual  with  unstable 
blood  pressure  and  other  signs  which  miglit 
disturb  a  physician,  is  a  physiologic  phe- 
nomenon which  is  3'et  to  be  explained. 

2.  Such  murmurs  need  not  bar  men  of 
the  college  age  from  strenuous  exercise  un- 
der some  strain. 

3.  Exercise  under  these  conditions  has 
seemed  to  improve  rather  than  harm  the 
health  of  these  men,  and  has  served  at  the 
same  time  to  demonstrate  that  they  are  not 
quite  so  efficient  physically  as  those  without 
demonstrable  or  producible  murmurs. 

4.  The  consideration  of  these  murmurs 
may  be  a  step  toward  determining  in  ad- 
vance a  man's  functional  efficiency  in  meet- 
ing competition,  not  only  in  athletics,  but 
perhaps  in   life  in   general. — C.  K.    Drinker. 


The  Heart  in  Tuberculosis.  G.  A. 
Stcpheyis.  Tubercle,  Oct.,  1922,  4,  No.  1, 
7-13. — While  discussing  the  immediate  sub- 
ject of  his  paper,  the  author  puts  forward 
the  suggestion  that  the  "pulse-heart  time 
ratio"  gives  some  indication  of  the  reserve 
power  of  the  heart.  His  observations  were 
made  on  men  employed  before  furnaces,  and 
he  holds  that  the  nearer  the  pulse  beat  is  to 
the  first  sound  of  the  heart,  the  more  useful 
is  the  heart.  The  point  is  also  made  that  for 
a  heart  to  beat  more  quickly  during  heavy 
labor,  the  pericardial  fluid  which  lubric&tes 
its  surface  should  increase  in  amount.  The 
ideas  seem  suggestive  but  they  are  not  clearly 
or  full}^  expounded. — E.  L.  CoUis. 

The  Incompetent  Heaet  and  Int>ustrial 
Accident.  William  H.  Holmes.  Nation's 
Health,  March  15,  1922,  4,  No.  3,  160-162.— 
The  wide  latitude  of  reaction  possessed  by 
the  normal  heart  and  the  readiness  with 
which  it  recuperates  from  fatigue  leads  to 
the  belief  that  fatigue  alone  does  not  cause 
failure  of  a  normal  heart ;  the  diseased  heart 
may  show  signs  of  decompensation  following 
causes  which  may  appear  trivial.  The  dis- 
cover_y  of  cardiac  disease  need  not  debar  a 
man  from  employment,  but  should  constitute 
a  reason  for  placing  him  in  a  position  where 
this  disabilitj'  will  not  be  increased. 

Despite  the  numerous  ways  in  which 
trauma  may  affect  a  heart,  the  common 
causes  of  cardiac  disease  must  be  sought 
elsewhei-e.  Injury  may  act  as  a  contributing 
cause  of  cardiac  failure  in  the  presence  of 
known  cardiac  failure.  A  negative  history 
is  of  no  value  in  determining  whether  dis- 
ease existed  prior  to  the  trauma.  A  positive 
historj^  revealing  sj'mptoms  of  rheumatism, 
chorea,  etc.,  on  the  other  hand,  may  be  ex- 
tremely suggestive  of  preexisting  cardiac  dis- 
ease. Certain  pathological  conditions  must 
be  definitely  excluded  before  attributing  car- 
diac disease  to  an  accident. — L.  A.  Shaw. 

MENTAL 

Feeble-Minded  Women  in  New  York  In- 
nusTKiKS.  Edith  llillrs.  Nation's  Ili'alth,  :May 
15,  1922,  4,  No.  5,  287-289.— The  introduction 
of  the  feebleminded  into  industry  must  be 
considered  from  the  standpoint  of  the  welfare 
of  the  workers,  of  those  witli  whom  thev  are 
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associated,  and  of  the  public  at  large.  The 
moron  is  happiest  when  provided  with  agree- 
able and  monotonous  work,  and  experiments 
that  are  being  made  by  a  knitting  mill  com- 
pany show  that  the  employment  of  feeble- 
minded girls  in  industry  under  proper  con- 
ditions is  practical.  In  this  case  the  girls  live 
in  a  colony  under  supervision  and  are  pro- 
tected in  various  ways.  The  writer  concludes, 
however,  that  it  is  a  grave  question  whether 
the  state  should  adopt  a  permanent  policy  of 
placing  workers,  known  to  be  subnormal,  in 
private  industries  to  compete  with  a  suppos- 
edly normal  group. — G.  E.  Partridge. 

The  Problem  op  the  Mental  ^Iisfit  in 
Industry.  George  K.  Pratt.  Ment.  Hyg.,  July, 
1922,  6,  No.  3,  526-538.— The  work  of  the 
neuropsychiatric  corps  in  the  late  war  is  re- 
viewed as  an  introduction  to  similar  work 
that  might  well  be  incorporated  in  the  mental 
hygiene  of  industry.  In  the  army  examina- 
tions men  were  selected  for  the  first  time  in 
the  history  of  the  world  for  qualities  other 
than  a  sturdy  physique  and  a  strong  right 
arm.  In  other  words,  the  intellectual  and  emo- 
tional factors  were  considered  equally  import- 
ant. The  success  of  this  application  of  psychi- 
atry to  choosing  soldiers  is  now  well  known. 

The  mental  misfit  in  industry  may  create  as 
much  of  a  problem  as  in  the  army.  The  im- 
portant point  is  to  look  on  workers  as  indivi- 
duals, not  to  lump  them  as  man-power.  Mod- 
ern industry  should  not  look  upon  its  per- 
sonnel as  so  many  "hands,"  but  as  so  many 
hands  plus  minds,  nerves,  instincts,  and  emo- 
tions. Individual  study  can  be  used  in  vari- 
ous ways:  in  the  first  place,  subnormal  in- 
dividuals can  be  picked  out  and  put  at  work 
for  which  they  are  weU  fitted.  There  are  cer- 
tain jobs  at  which  they  do  better  than  people 
of  superior  intellect,  for  example,  the  monot- 
onous running  of  automatic  machines  in  large 
factories. 

A  more  diiScult  problem  is  that  of  the  psy- 
choneurotics. These  are  people  with  poorly 
balanced  emotional  equipments,  and  vary 
from  men  who  are  merely  "touchy,"  to  those 
agitators  and  chronic  "kickers"  who  border 
on  being  psychotic. 

The  problem  of  the  development  of  psy- 
choses among  men  already  employed  is  dis- 
cussed, as,  for  example,  general  paresis,  pre- 
mature arteriosclerosis,   and  dementia  prae- 


eox.  It  is  pointed  out  that  in  order  to  avoid 
dissatisfaction  and  friction  we  must  not  only 
weed  out  these  pathological  employees  but 
also  place  the  normal  workmen  properly,  so- 
that  they  will  not  develop  unrest  and  resent- 
ment.— Stanley  Cobb. 

RESPIRATORY  SYSTEM 

Pulmonary  Aspiration  op  Particulate 
IMatter,  Normally  and  during  Anesthesia. 
//.  J.  Corpcr.  Jour.  Am.  Med.  Assn.,  June  17, 
1922,  78,  No.  21,  1858-1862.— The  author  sum- 
marizes this  article  as  follows : 

The  immediate  intrapulmonary  distribu- 
tion of  inhaled  particulate  matter  (smoke  or 
soot)  differs  from  that  of  the  inspiration  or 
aspiration  of  particulate  matter  suspended 
in  fluids  (India  ink).  The  former  is  found 
heaped  up  at  the  points  of  bifurcation  of  the 
air  passages  or  on  any  prominent  projections, 
as  seen  in  the  histologic  sections,  with  rela- 
tively little  being  retained  in  the  alveoli ;  while 
the  inspired  fluid  quickly  reaches  the  alveoli, 
where  the  insoluble  particles  of  it  are  re- 
tained for  a  comparatively  long  time  by  the 
trap-like  action  of  these  terminal  air  vesicles. 
While  the  inhaled  particles  are  fairly  uni- 
formly distributed  throughout  the  entire 
lung,  the  inspired  or  aspirated  fluid  is  irreg- 
ularly distributed,  and  its  location  is  deter- 
mined to  a  great  extent  by  posture.  The  pul- 
monary inspiration  or  aspiration  of  fluids 
after  nose  instillation  occurs  readily  in  dogs 
and  rabbits  under  ether  anesthesia,  and  in 
the  horizontal  posture  with  the  head  slightly 
elevated.  The  inspired  fluid  is  confined  to 
the  upper  lobes  of  the  lungs  and  to  the  side 
on  which  the  animal  lay,  while  without  an- 
esthetic, repeated  nose  instillations  are  usu- 
ally unsuccessful  in  this  posture.  In  the  ver- 
tical posture,  however,  the  inspiration  of 
fluids  into  the  lungs  is  easily  attained  in  rab- 
bits, but  less  so  in  dogs,  without  anesthetic, 
the  fluid  being  found  mainly  in  the  lower 
lobes.  The  postural  distribution  can  be  im- 
itated in  an  artificial  chest,  indicating  that  it 
is  determined  by  mechanical  means,  gravity 
and  inspiration  or  aspiration.  By  utilizing 
the  postural  data,  right  or  left  side  upper 
lobe  pulmonary  tuberculosis,  possessing  many 
of  the  characteristics  of  the  disease  in  man  as 
to  location,  the  formation  of  pleural  adhe- 
sions, tissue  granulation  and  necrosis,  can  be- 
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reproduced  in  dogs,  by  the  nasal  instillation 
of  suspensions  of  tubercle  bacilli  while  the 
animal  is  under  ether  anesthesia  and  Ivin"  on 


the  right  or  the  left  side  during 
tion. — K.  R.  Drinker. 


the  opera- 


POISONOUS  HAZARDS  AND   THEIR   EFFECTS 
CHEMICALS,  ETC. 


GASES, 


Blood  Transfusion  in  Illuminating  Gas 
Poisoning.  Jour.  Am.  Med.  Assn.,  June  2J:, 
1922,  78,  No.  25,  1977.— Dr.  de  Harven  re- 
cently presented  to  the  Societe  Clinique  des 
Hopitaux  de  Bruxelles  an  interesting  case  of 
carbon  monoxide  poisoning  cured  by  blood 
transfusion.  The  patient  was  in  a  serious 
condition  and  the  intoxication  was  character- 
ized by  convulsions  occurring  every  ten  min- 
utes, superficial  respiration,  impalpable  pulse, 
and  hazj-  cornea.  There  was  no  resorption 
after  injection  of  a  considerable  quantity  of 
saline  with  epinephrine.  Three  hundred  and 
fifty  cubic  centimeters  of  blood  were  with- 
drawn from  the  radial  artery  and  a  trans- 
fusion of  citrated  blood  was  performed.  The 
■effect  was  excellent.  The  pulse  became  pal- 
pable ;  the  arterial  pressure  rose,  and  the  next 
day  it  was  normal.  The  following  day,  the 
patient  was  conscious. — K.  R.  Drinker. 

Effects  of  Intratracheal  ilEDicAxioN  on 
Gas  Burns  of  the  Respiratory  Tract.  La- 
fayette  Page.  Jour.  Am.  Med.  Assn.,  July  22, 
1922,  79,  No.  4,  259-261.— This  article  is  "sum- 
marized by  the  author  as  follows: 

1.  Intratracheal  medication  is  clearly  in- 
dicated in  all  forms  of  inflammation  of  the 
lower  respiratory  tract  resulting  from  the 
caustic  action  of  poison  gases.  It  should  be 
used  as  early  as  possible  after  gassing,  for 
the  purpose  of  relieving  the  first  symptoms  of 
pain  and  asphyxia  and  reducing  the  extent 
of  secondary'  infection,  by  facilitating  drain- 
age of  the  trachea  and  bronchi  and  rendering 
the  passages  as  sterile  as  possible,  through 
the  antiseptic  properties  of  the  oil  solutions. 

2.  This  method  of  treatment  shortens  the 
process  of  suppuration  in  the  secondar,y 
stage  by  aiding  the  lung  reflexes,  in  expelling 
the  necrotic  membranes  and  products  of  in- 
flammation, and  in  healing  Ihe  ulcerated  sur- 
faces, thus  relieving  the  strain  on  the  nerve 
centers  and  checking  the  cough  and  spasmodic 
■efforts  to  expel  the  debris;  and  thus  improv- 


ing oxidation,    diminishing   toxic   absorption 
and  afiiording  rest  to  the  whole  organism. 

3.  Through  shortening  the  healing  process, 
the  permanent  damage  to  the  pulmonary 
mechanism  is  lessened,  there  is  less  surface 
denuded  of  epithelium,  less  sear  formation, 
less  peribronchial  thickening  and,  conse- 
quently, less  tendency  to  chronic  bronchitis 
and  predisijosition  to  tuberculous  infection. 

4.  We  are  convinced  from  our  observations 
and  expei'ience  in  using  this  treatment,  be- 
fore, during  and  since  the  war,  that  all  forms 
of  laryngitis,  bronchitis,  bronchiectasis  and 
asthma,  with  all  the  different  kinds  of  dis- 
tressing coughs  and  spasms  associated  with 
these  affections,  are  more  quickly  and  effectu- 
ally relieved  by  this  fonn  of  treatment,  and 
its  use  is  urged  in  this  class  of  disorders. 

The  Effect  of  Gasoline  Fumes  on  Dis- 
pensary Attendance  and  Output  m  a 
Group  of  Workers.  Ociavius  M.  Spencer. 
U.  S.  Pub.  Health  Ser.,  Pub.  Health  Rep., 
Sept.  22,  1922,  37,  No.  38,  2291-2307.— A 
thorough  survey  is  repoi'ted  of  the  working 
conditions  of  twenty-two  persons  operating 
coupon-cancelling  machines.  The  operators 
showed  a  very  high  dispensary  attendance  rate 
in  comparison  with  a  control  group.  This  was 
due  to  exposure  to  fumes  of  gasoline  used  in 
cleaning  stamps  and  belts  in  the  cancelling 
machines.  The  poisoning  from  the  gasoline 
fumes  was  of  a  mild  chronic  type.  Substi- 
tution of  kerosene  perfumed  with  anise  oil, 
in  the  place  of  gasoline,  caused  a  lower  sick- 
ness rate  and  increased  production. 

Two  Cases  of  Zinc  Poisoning.  B.  Engels- 
mann.  Deutsch.  med.  Wchnschr..  Ajiril  14, 
1922,  48,  No.  15,  488-489.— The  first  case  re- 
ported was  of  non-industrial  origin. 

The  second  case  was  of  a  young  man  who 
had  operated  an  oxyacetylene  or  oxyhydro- 
gen  torch  in  dismantling  a  ship's  boiler.  In 
cutting  through  the  boiler  plate  he  also  hid 
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to  cut  througli  a  heavy  sheet  (Zinkoxyd- 
platte)  presumably  of  zinc  (and  not  zinc 
oxide).  The  ventilation  of  the  room  vras 
poor  so  that  fumes  from  the  vaporized  zinc 
■were  inhaled  and  resulted  in  symptoms  sim- 
ilar to  those  reported  as  Criessfieber. 

Report  Presented  at  the  Superior  Coun- 
cil OF  Public  Hygiene  of  France.  Rev. 
d'hyg.,  March,  1922,  44,  No.  3,  255-261.— 
The  conclusions  of  the  report  are: 

The  superior  council  of  public  hygiene  of 
France  decrees: 

1.  That,  notwithstanding  the  vote  of  the 
International  Labor  Conference,  the  French 
limitations  concerning  the  use  of  vrhite  lead 
continue  to  be  rigorously  enforced ; 

2.  That  the  provisions  of  article  79  of  the 
Code  of  Labor,  concerning  the  prohibition 
of  the  use  of  white  lead  in  the  painting  of 
ships,  be  extended  to  the  painting  of  vehicles 
of  all  sorts. — ^JVI.  C.  Hamblet. 

Experimental  Plumbism  :  Therapeutic 
Efficiency  of  Some  Agents  and  Compara- 
tive Toxicity  op  Other  Metals.  P.  J. 
Hanzlik,  Mary  Mclntyre,  and  Elizabeth 
Presho.  Proc.  Soc.  Exper.  Biol,  and  Med., 
Jan.  18,  1922,  19,  No.  4,  192-193.— Experi- 
mental chronic  lead  poisoning  was  produced 
by  feeding  metallic  lead  bullets  to  pigeons. 
Death  occurred  in  an  average  of  twenty-one 
days.  The  lethal  dose  of  lead  was  0.16  gm. 
per  kilo;  the  concentration  found  in  the  tis- 
sues was  about  0.075  per  cent. ;  and  the  cur- 
rent of  lead  varied  between  0.01  to  0.02  gm. 
per  kilo  per  day.  There  was  a  marked  loss 
of  body-weight  which  began  at  the  end  of 
from  two  to  four  days  and  was  coincident 
with  a  marked  loss  of  appetite. 

Beneficial  influence  was  obtained  in  the 
advance  of  the  disease  by  administration  of 
sodium  iodide  in  the  food  and  water,  and 
magnesium  sulphate  and  calcium  sulphide  in 
the  food. 

Lead  salts  and  other  metals  were  not  nearly 
so  toxic  as  lead  itself. — J.  C.  Aub. 

A  New  Case  of  Manganese  Poisoning 
vtitk  jManganese  Stuttering  in  a  Worker 
IN  M-VNGANESE  DioxiDE.  Heinrich  Embden. 
Deutsch.  med.  Wchnschr.,  April  7,  1922,  48, 
No.  14,  472.— Since  the  discovery  by  Embden 
(1902)    of  manganese  poisoning  in  workers 


in  manganese  dioxide,  health  regulations  pro- 
mulgated by  the  police  have  caused  manga- 
nese poisoning  to  disappear  in  Hamburg. 
The  new  case  now  reported  occurred  in  a 
46-year-old  man,  who  had  ground  manganese 
dioxide  since  1914.  From  1915  to  1919  there 
was  an  interval  when  he  was  an  infantryman 
in  the  war.  Since  then  he  has  been  busy  at 
his  trade.  Until  three  months  ago  he  was 
entirely  healthy.  Recently,  instead  of  the 
South  Russian  ore  which  is  no  longer  acces- 
sible, the  much  harder  and  more  dirty  Bra- 
zilian ore  has  been  ground. 

His  illness  began  about  eight  weeks  ago. 
The  first  symptom  was  stuttering.  Then 
came  tremor  of  the  hands,  characteristic  "ac- 
tion tremor,"  especially  when  his  hands  were 
reaching  up  (washing  his  face).  Then  walk- 
ing became  more  difficult.  There  is  now  no 
vertigo,  no  headache,  no  retropulsion  or  pro- 
pulsion. He  can  write  only  very  badly. 
There  is  no  irresistible  laughing.  There  is 
weakness  of  movement,  especially  mimicking 
movements.  The  occurrence  of  stuttering  as 
an  organic  symptom  (as  is  the  case  in  chronic 
mercurial  poisoning)  brings  forward  the  idea 
that  among  genuine  stutterers,  whom  we  are 
accustomed  to  regard  as  neurotics,  there  are 
perhaps  concealed  a  few  organic  cases. 
Whether  or  not  manganese  stuttering  is  a 
lenticular  nucleus  symptom,  further  observa- 
tion must  show. — K.  R.  Di-inker. 

Morbid  Disturbances  Due  to  the  Han- 
dling of  Celluloid.  Jour.  Am.  Med.  Assn., 
July  8,  1922,  79,  No.  2,  146.— Dr.  F.  Heim, 
professor  of  industrial  hygiene  of  the  Con- 
servatoire National  des  Arts  et  Metiers,  with 
the  collaboration  of  Dr.  E.  Agasse-Lafont 
and  Dr.  A.  Feil,  examined,  from  a  clinical 
and  hematologic  standpoint,  women  em- 
ployed in  making  small  portable  battery 
boxes  of  celluloid.  They  employed  two  sub- 
stances: celluloid  powder,  containing  cam- 
phor, and  very  inflammable;  and  a  sort  of 
glue  containing  a  mixture  of  equal  parts  of 
amyl  acetate  and  acetone.  The  inquiry  re- 
vealed one  transitory  clinical  sign,  headache, 
and  a  persistent  and  frequent  hematologic 
symptom,  eosinophilia.  This  cause  of  toxic 
eosinophilia  is  important;  it  resembles  some- 
what benzene  eosinophilia.  This  eosinophilia 
is  interesting  because  it  gives  an  almost  in- 
dubitable proof  of  intoxication  or,  at  least, 
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of  a  reaction  to  saturation  of  the  organism 
by  fumes  of  acetone  and  of  amyl  acetate. 
On  the  other  hand,  the  lack  of  knowledge 
of  this  cause  of  eosinophilia  might  entail  er- 
rors in  diagnosis,  as  when  a  workman  han- 
dling celluloid  is  clinically  suspected  of  intes- 
tinal parasites  or  hydatid  cyst,  as  the  diag- 
nosis of  these  aifections  is  often  based  on  the 
finding  of  eosinophilia. — K.  R.  Drinker. 

Quinine  Sickness  op  Occupational  Ori- 
gin. Blatnoiifier  and  Joannon.  Kev.  d'hyg., 
June,  1922,  44,  No.  6,  521-532.— The  author 
presents  the  report  of  a  case  of  quinine 
poisoning  which  appeared  in  a  man  who 
worked  in  a  chemical  establishment  prepar- 
ing the  drug.  After  two  weeks'  emplojonent 
at  various  processes,  including  the  handling 
of  quinine  bark  and  of  powdered  bark,  and 
at  the  process  whereby  quinine  sulphate  is 
produced,  edema  of  the  eyelids  was  noted. 
Subsequently  an  itching  erythematous  erup- 
tion involved  the  face,  neck,  antecubital 
spaces,  genitalia,  and  the  upper  third  of  the 


inner  aspects  of  the  thighs,  associated  with' 
some  edema  and,  on  the  face,  with  vesieula- 
tion. 

The  blood  showed  a  positive  Wassermann 
reaction,  a  leukocytosis  (18,000),  and  an 
eosinophilia   (23  per  cent.). 

Under  treatment  with  moist  dressings  of 
eau  d'Alibour,  with  silver  nitrate,  zinc  oint- 
ment and  ichthyol,  and  given  a  mild  diet, 
the  patient  improved. 

The  authors  discuss  the  question  of  immu- 
nity and  susceptibility  to  quinine  and  that 
of  the  eruption  being  of  external  or  internal 
origin.  They  are  of  the  opinion  that  cases 
of  this  nature  are  not  essentially  different 
from  those  originating  in  the  ingestion  of 
quinine  therapeutically  administered.  It 
was  possible  in  the  factory  visited  to  inhale 
and  swallow  quinine  dust.  There  are  pre- 
sented certain  observations  regarding  a  skin 
reaction  to  quinine  of  possible  value  in  iden- 
tifying susceptible  individuals.  A  bibliog- 
raphy is  appended. — Wade  Wright. 


DUST  HAZARDS  AND  THEIR  EFFECTS 


itrE  i^'ELD  Scrubber  for  Cleaning  Metvl- 
LLT5GICAL  Smoke.  W.  F.  Lamoveaux.  Engin. 
and  Mining  Jour.,  lf*22,  113,  198.— This 
ai'ticle  contains  a  detailed  account  of  large 
scale  operations  in  the  recovery  of  fume 
from  a  copper  smelter,  the  primary  object 
being  the  removal  of  solids  from  the  fume 
so  that  the  sulphur  dioxide  gas  remaining 
can  be  used  as  a  source  of  elemental  sulphur. 
and  recovered  zine  oxide  can  be  used  for 
electrolytic  zinc. 

From  the  point  of  view  of  industrial  hy- 
giene the  article  is  of  special  interest  because 
of  the  author's  clear,  concise  exposition  of 
the  wetting  of  the  fine  fume  particles,  and 
the  failure  of  bag  filters,  coke  filters,  and 
Cottrell  precipitators  to  function  on  a  prac- 
tical scale.  Fume  recovered  by  the  Cottrell 
precipitators  could  not  be  wetted,  except  by 
pre^nous  vigorous  heating,  because  of  a  film 
of  absorbed  sulphur  dioxide  gas. 

With  the  Feld  scrubber  an  efficiency  of 
95  per  cent,  was  attained  in  the  removal  of 
the  fume.  The  cleaned  gases  were  then  passed 
through  incandescent  coke,  thus  reducing  the 


sulphur  dioxide  to  sulphur  in  the  gaseous 
state.  To  recover  the  sulphur  from  this  op- 
eration a  second  Feld  scrubber  was  mstalled 
which  combined  a  convenient  means  of  regu- 
lating the  temperature  and  a  method  of  col- 
lecting the  sulphur.  To  show  the  difficulty 
in  wetting  this  sulphur  fume  the  author 
states  that  it  sometimes  was  in  such  a  fine 
state  of  division  that  it  could  be  passed 
through  eight  thicknesses  of  closely  woven 
handkerchief  linen. 

A  theoretical  discussion  of  electrical 
charges  on  the  fume  and  water  particles,  the 
number  of  contacts  between  the  fume  and 
water,  and  the  effects  of  valency  and  electri- 
cal charges  on  the  ability  of  finely  divided 
solids  to  absorb  moisture  are  discussed. — 
Philip  Drinker. 

The  Industrial  Tre.atment  of  Fumes 
and  Dusty  Gases.  W.  E.  Gibbs.  Jour.  Soc. 
Chem.  Indust.,  June  30,  1922,  41,  No.  12. 
189T-196T.— The  subject  is  treated  from  the 
standpoint  of  colloid  chemistry  in  which 
smokes,  fumes,  and  dusty  gases  are  regarded 
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as  the  disperse  systems  in  which  the  dis- 
persed substance  is  solid  or  liquid,  and  the 
dispersion  medium  air  or  other  gases. 

It  is  shown  that  settling  from  air  or  gases 
in  motion  can  be  effected  only  in  the  case 
of  particles  larger  than  10-^  cm.  in  diameter. 
Considering  particles  as  spheres  the  author 
distinguishes  three  kinds  of  disperse  systems : 
(a)  dusts,  having  particles  larger  than  10-^ 
cm.,  which  settle  with  increasing  velocity  in 
still  air  and  do  not  diffuse ;  (h)  clouds,  hav- 
ing particles  ranging  in  diameter  from  10-^ 
to  10-'  cm.,  which  settle  at  a  constant  velocity 
in  still  air  according  to  Stokes'  law  but  do 
not  diffuse;  and  (c)  smokes,  having  particles 
ranging  from  10-^  to   10-"  em.  in   diameter. 


which  do  not  settle  at  all  in  still  air  but 
diffuse  fairly  rapidly. 

Various  common  methods  of  separation  of 
gas  particles  by  settling  are  discussed.  An 
excellent  discussion  of  flocculation  is  in- 
cluded. Bag  filtration  is  treated  in  the  con- 
ventional manner.  In  washing  methods,  the 
ability  of  particles  of  sulphur  trioxide  and 
zinc  oxide  to  absorb  moisture  is  discussed  in 
the  light  of  the  presjnt-day  theory  of  an  ad- 
sorbed film  of  gas  around  the  particle.  Elec- 
trostatic precipitation  is  treated  from  the 
standpoint  of  experience  with  the  Cottrell 
precipitator. 

A  bibliography  of  thirty-six  references  is 
included  in  the  paper. — Philip  Drinker. 


OCCUPATIONAL  INFECTIOUS  DISEASES:    OCCURRENCE, 
TREATMENT  AND  PREVENTION 


Occupational  Influences  in  Tubercu- 
losis Rates.  7.  A.  Galdston.  Nation's 
Health,  April  15,  1922,  4,  No.  4,  226-227.  — 
In  the  last  ten  years  in  New  York  City  tu- 
berculosis has  been  essentially  a  man's  dis- 
ease, the  male  mortality  being  twice  as  high 
as  that  for  women.  The  reason  for  this  is 
that  the  great  majority  of  trades  which  pre- 
dispose to  tuberculosis  are  followed,  almost 
exclusively,  by  men. 

Since  conditions  in  industry  are  often  the 
cause  of  the  development  of  tuberculosis  in 
the  individual,  the  education  formerly  at- 
tempted in  the  home  and  in  the  school  must 
now  be  taken  to  the  workshop  and  factory, 
the  office,  the  union  meeting,  and  the  ap- 
prentice school.  The  economist  and  sociolo- 
gist can  do  his  part  in  reducing  the  mortality 
from  tuberculosis  by  efforts  to  shorten  the 
hours  of  work,  to  increase  wages  to  a  living 
standard,  and  to  lighten  the  fatigue  of  hard 
labor. — K.  R.  Drinker. 

Tuberculosis  as  an  Occupational  Dis- 
ease. Robert  T.Legge.  Nation's  Health,  June 
15,  1922,  4,  No.  6,  363-364.— In  a  recent 
number  of  the  London  Lancet  Professor  Ben- 
jamin Moore  is  said  to  have  shown,  in  an 
article  entitled  "Factory  Conditions  and 
Phthisis  in  Great  Britain,"  that  urban  em- 
ployment as  distinct  from  urban  housing 
conduces  to  increase  the  prevalence  of 
phthisis.     It  was  found  that  up  to  the  age 


of  20  both  urban  males  and  rural  males  are 
healthier  than  females,  and  in  the  case  of 
both  sexes  urban  dwellers  are  healthier  than 
those  in  the  rural  districts ;  that  up  to  the 
age  of  14  or  15,  coincident  with  the  usual 
beginning  of  employment  in  industry,  the 
mortality  of  females  is  50  per  cent,  greater 
than  that  of  males ;  that  there  is  more  tu- 
berculosis among  males  than  among  females 
in  the  cities,  the  revei-se  being  the  case  in  the 
country. 

Tuberculosis  in  industry  usually  follows 
after  a  long  period  of  exposure  to  debilitating 
conditions.  The  primary  factors  are  over- 
strain, unliealthful  surroundings,  and  close 
contact  with  operators  already  infected.  In 
the  dusty  trades  dust  is  the  most  important 
factor;  metallic,  mineral,  vegetable,  and  ani- 
mal dusts  are  all  bad.  Other  factors  are  the 
dangerous  irritating  and  toxic  fumes,  ex- 
cessive humidity,  dampness,  extreme  heat, 
cold  and  darkness.  Fatigue  due  to  strain 
and  overwork,  and  alcoholism  increase  the 
risk  of  infection.  Faulty  posture,  over- 
crowding, poor  ventilation,  improper  food, 
and  lack  of  proper  rest  are  all  contributing 
factors  to  the  disease. 

The  i-elation  of  tuberculosis  to  occupational 
conditions  is  definite,  and  it  can  be  said  that 
occupation  is  preeminently  at  fault.  The 
greatest  weapon  possessed  by  society  in  the 
prevention  of  the  disease  is  education.  The 
public   health   nurse   is   a   teacher   in    health 
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education,  and  it  will  be  a  happy  day  when 
eA'ery  precinct  has  a  public  health  nurse  who 
has  made  a  survey  of  her  district. 

Another  important  advancement  made  in 
recent  years  is  the  extension  of  nutrition 
work  into  industry.  The  benefits  derived 
from  the  industrial  restaurant  have  a  direct 
influence  in  lessening  tuberculosis  by  provid- 
ing clean  wholesome  food,  properly  prepared, 
and  by  affording  relief  of  fatigue  by  relaxa- 
tion and  change  of  air.  The  public  health 
center  will  evolve  into  a  greater  and  more 
adequate  serATce  for  community  needs  and 
requirements.  Tuberculosis  as  an  industrial 
disease  must  be  charged  to  the  employer,  as 
far  as  the  necessary  means  of  prevention  are 
neglected.  Industrial  responsibility  does  not 
end  with  the  provision  of  mechanical  exhaust, 
heating,  and  ventilating  apparatus,  but  must 
extend  to  general  interest  in  providing  means 
of  maintaining  health. — G.  E.  Partridge. 


Peptone  in  the  Treatment  of  Anthrax. 
Jour.  Am.  Med.  Assn.,  Aug.  26,  1922,  79,  No. 
9,  755. — Drs.  R.  P.  Vaccarezza,  F.  F.  Inda, 
and  R.  Posse  have  published  a  paper  on  the 
treatment  of  human  anthrax  based  on  their 
experience  in  the  infectious  disease  clinic  of 
the  school  of  medicine  in  Buenos  Aires.  They 
treated  204  diseases:  fiftj'-six  with  anti- 
anthrax  serum  Mendez,  with  a  death  rate  of 
19.6  per  cent. ;  ninety-four  cases  with  this 
serum  plus  other  medication,  with  a  death 
rate  of  20.2  per  cent. ;  twenty-four  cases 
with  anti-anthrax  bovine  serum,  with  a  death 
rate  of  8.3  per  cent. ;  thirty  eases  with  anti- 
anthrax  bovine  serum  plus  other  medication, 
with  a  death  rate  of  13.3  per  cent. ;  fifteen 
cases  with  normal  bovine  serum,  with  a  death 
rate  of  20  per  cent.;  twenty-four  cases  with 
normal  bovine  serum  plus  other  medication, 
with  a  death  rate  of  16.6  per  cent. ;  and  fifty- 
nine  cases  with  peptone  alone,  with  a  death 
rate  of  6.67  per  cent.  The  average  mortality 
was  15.8  per  cent.  The  authors  concluded  that 
while  normal  serum  has  no  action  experi- 
mentally, it  has  shown  curative  powers  in 
human  anthrax.  Its  value  is  virtually  equal 
to  tliat  of  immune  serums.  Peptone  in  mus- 
cular injections  (from  10  to  20  c.c.  a  day, 
10  per  cent.)  showed  a  therapeutic  potency 
not  inferior  to  anthrax  serum,  although 
naturally  it  lias  no  si)ecific  action. 


Treatment  op  Anthrax.  R.  F.  Vacca- 
rezza, F.  F.  Inda  and  R.  Posse.  Abstracted 
as  follows  from  Semana  med.,  June  1,  1922, 
1,  No.  22,  865,  in  Jour.  Am.  Med.  Assn.,  Sept. 
23,  1922,  79,  No.  13,  1085.— This  long  study 
of  hundreds  of  cases  of  anthrax  treated  by 
various  methods  asserts  that  normal  beef 
serum  proved  as  effectual  as  the  specific  anti- 
serum, but  that  its  action  is  merely  that  of 
protein  therapy.  Consequently,  the  beef 
serum  can  be  substituted  bj'  some  substance 
which  does  not  sensitize,  and  does  not  induce 
serum  sickness.  Peptone  seems  best  adapted 
for  the  purpose,  and  it  proved  so  satisfactory 
that  in  the  last  six  months  it  has  been  used 
exclusively  in  all  cases,  even  those  with 
septicemia.  Nolf's  technic  is  followed:  an 
intragluteal  injection  once  or  twice  a  day 
of  30  c.c.  of  a  5  per  cent,  solution  of  peptone : 
5  gm.  of  Witte's  peptone  with  0.5  gm.  of 
sodium  chloride  in  100  gm.  of  distilled  water. 
The  full  data  of  forty-three  cases  thus  treated 
are  appended. — K.  R.  Drinker. 

The  Anthrax  Hazard  in  Pennsylvania 
Tanneries.  Henry  F.  Smyth.  Am.  Jour. 
Hyg.,  July,  1922,  2,  No.  4,  346-367.— In  1921, 
upon  the  authority  of  the  State  Department 
of  Labor  of  Pennsylvania,  a  survej^  of  the 
entire  tanning  industry  of  that  state  was 
made  in  order  to  determine  the  hazard  from 
anthrax  in  the  handling  of  hides  and  skins. 
It  was  shown  that  anthrax  is  a  constant 
menace  to  workers  in  the  receiving,  soaking, 
and  liming  departments  of  tanneries 
handling  cattle  hide  and  goat  skins,  and  that 
certification  is  no  infallible  protection  against 
the  disease.  Anthrax  was  found  in  more 
than  half  the  goat  skin  tanneries  sampled 
and  cases  were  reported  in  42  "per  cent,  of 
the  taimcries.  In  cattle  hide  tanneries,  an- 
thrax has  been  found  by  culture  in  less  than 
7  per  cent.,  but  cases  have  been  reported 
from  almosi  40  per  cent.  Dry  hides  were 
found  responsible  for  more  cases  than  green 
salted  hides,  and  it  is,  therefore,  recom- 
mended that  if  dry  skins  and  hides  continue 
to  be  imported,  provision  should  be  made  for 
disinfecting  them  at  one  or  more  ports  of 
entry  by  either  the  Sehattenfroh  or  the 
Seymour-Jones  method,  if  satisfactory  to  the 
tanners,  and  that  the  hides  thus  treated  be 
shipped  to  the  tanneries  in  the  wet  salt  state. 
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Xiime  disinfectant,  if  used,  should  be  with  at 
least  a  10  per  cent,  calcium  oxide  suspension 
from  burnt  lime  for  over  twenty-four  hours 
(a  process  which  lessens  risk  but  does  not 
■entirely  eliminate  it).  The  Seymour- Jones 
method  is  better  than  lime  if  it  will  give 
tannable  skins,  and  the  Schattenfroh  salt 
and  hydrochloric  acid  method  is  better  than 
•either.  To  diminish  the  liability  of  more  or 
less  permanent  infestation  of  soak  vats,  etc., 
whitewash  should  be  used  on  all  wood,  con- 
•crete  or  metal  work  about  store  rooms,  soak 
rooms,  etc. 

Until   tanneries   cease   to   receive  infected 
.skins  and  hides  they  should  be  required  to 


provide  suitable  wash  fixtures  and  shower 
baths  for  their  emplo3'ees.  Towels,  overalls, 
and  workshirts  should  be  disinfected  with 
formaldehyde  vapor  by  the  tanner  before 
they  are  taken  fi'om  the  tannery.  Work  shoes 
should  not  be  worn  out  of  the  tannery ;  shoes 
or  boots  of  rubber  and  felt  with  wooden  soles 
that  could  be  disinfected  would  be  best.  A 
further  study  should  be  made  of  the  proper 
disposal  of  wastes.  No  dry  sweeping  should 
be  permitted  in  stock  and  store  rooms. 

The  May,  1922,  issue  of  the  Nation's 
Health  contains  an  article  on  this  subject  by 
the  same  author. — 6.  E.  Partridge. 


OCCUPATIONAL   AFFECTIONS    OF  THE  SKIN  AND  SPECIAL  SENSES 


Injuries  of  the  Eye  and  their  Legal 
Adjudication.  Viktor  Hanke.  Wien.  klin. 
Wchnschr.,  March  2,  1922,  35,  No.  9,  199-203. 
— Injuries  due  to  accidents  in  industry  are 
discussed  and  defined.  Clinical  features  are 
given  in  detail.  The  eye  injuries  may  be 
■divided  as  follows : 

I.     Direct  traumata  of  the  eyeball. 

(a)  Injuries  due  to  dull  objects. 

(b)  Injuries  due  to  sharp,  pointed 

objects. 


(c)  Thermal,  chemical,  or  electri- 
cal injuries. 

II.     Indirect  traumata. 

Considerations  regarding  compensability 
of  different  types  and  degrees  of  eye  injuries 
are  given  in  extenso.  The  greatest  compen- 
sation for  loss  of  an  eye  is  from  25  to  33  1/3 
per  cent,  of  the  maximum  for  eye  injuries. 
According  to  qualification  and  age,  the  com- 
pensation for  unilateral  postoperative  aphakia 
is  from  15  to  20  per  cent. — B.  Cohen. 


INDUSTRIAL  SURGERY 


A  Remarkable  Surgical  Service.  Na- 
tion's Health,  Feb.  15,  1922,  4,  No.  2,  104- 
106. — A  surgical  service  gi\'ing.  through  cen- 
trally located  clinics,  full-time  free  treatment 
to  workers  all  over  the  country  who  sustain 
industrial  accidents,  treatment  rendered  by 
highly  specialized  industrial  .surgeons,  is  the 
•aim  of  the  Liberty  Mutual  Insurance  Com- 
pany in  maintaining  its  chain  of  surgical  dis- 
pensaries. 

In  order  to  induce  the  injured  workmen  to 
go  to  the  clinic,  the  Liberty  Mutual  not  only 
offers  the  best  of  treatment  but  free  treat- 
ment is  given  for  the  entire  period  of  disa- 
bility. The  aim  of  the  medical  department 
is  to  shorten  the  period  of  disability  and  to 
restore  the  man's  earning  capacity  as  soon  as 
possible.  It  is  the  policy  of  the  company  to 
pay  for  the  treatment  which  will  do  away 
with  the  man's  disability,  rather  than  to  pay 


the  injured  man  compensation  for  a  long  pe- 
riod. 

During  the  last  ten  years  treatment  of  in- 
jured employees  has  been  wonderfully  im- 
proved, the  period  of  disability  has  been 
shortened,  and  the  workmen  have  learned 
that  the  company's  aim  is  their  aim. 

The  Fundamental  Principles  op  Ortho- 
pedic, Reconstruction  and  Industrial  Sur- 
gery. The  Real  Lessons  of  the  World 
"War.  E.  Winnett  Orr.  Jour.  Am.  Med. 
Assn.,  July  22,  1922,  79,  No.  4,  255-257.— 
This  article  discusses  the  lessons  of  value  to 
orthopedic  surgery  learned  fi-om  the  war  and 
the  importance  of  their  application  to  crip- 
ples both  of  society  and  of  industry.  The 
importance  is  stressed  of  immediate  and 
proper  splinting  of  fractures  and  of  parts 
affected   by   infantile   paralysis   and  of   the 
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maintenance  of  immobilization  of  injured 
parts  in  proper  relationship  until  healing  oc- 
curs. We  have  learned,  moreover,  from  our 
war  experience  that  "there  are  practically 
no  limits  to  the  possibilities  of  reestablish- 
ment  of  the  individual  by  the  educational 
and  training  development  of  original  com- 
pensation or  vicarious  functions." 

Common  Foot  Troubles  as  Induced  by 
Shoes.  Ralph  B.  Bettman.  Nation's  Health, 
April  15,  1922,  4,  No.  4,  194-196.— Conditions 
which  contribute  to  common  foot  troubles  are 
the  wearing  of  poorlj'  fitted  socks  and  stock- 
ings and  of  rubber  overshoes  which  interfere 
with  the  natural  evaporation  of  moisture 
from  the  foot.  The  main  defects  of  poor 
shoes  are  leather  which  is  too  impermeable, 
high  heels,  improper  "shank"  or  instep  of 
the  shoe,  pointed  toes,  flaring  of  the  shoe  so 
that  an  "out-toeing"  effect  is  produced,  and 
a  purposeful  twist  in  the  last  so  that  the  foot 


is  slightly  rotated,  lifting  the  outer  margin 
upward  and  allowing  the  arch  to  drop  a  very 
small  amount. 

The  sequelae  of  poor  .shoes  are  corns,  bun- 
ions, calluses,  and  metatarsalgia.  Anj*  of  these 
abnormal  conditions  causes  a  voluntary  or  an 
involuntary  effort  to  spare  the  part  of  the 
foot  involved.  This  means  an  abnormal  gait, 
speedy  fatigue,  and  a  consequent  injury  to 
the  supporting  mechanism  of  the  arches 
which  leads  to  the  development  of  "weak 
foot" — a  term  preferred  by  the  author  to 
that  of  flat  foot. 

If  recognized  early,  the  great  majority  of 
weak  feet  can  be  remedied  by  removing  the 
cause  of  the  abnormal  action.  A  well-fitting 
and  well-constructed  shoe  will  not  only  pre- 
vent the  conditions  described,  but  wiU,  in  the 
majority  of  eases,  cure  them.  The  author 
concludes  with  an  outline  of  the  requirements 
of  a  properly  constructed  shoe.  — ■  K.  R. 
Drinker. 


INDUSTRIAL  PHYSIOLOGY:    NUTRITION,  METABOLISM, 
FATIGUE,  ETC. 


The  Effect  of  Industry  upon  Alcohol- 
ism. Edgar  L.  Collis.  World's  Health,  July, 
1922,  3,  No.  7,  324-330.— This  interesting 
paper  deals  with  the  part  which  modern  in- 
dustrial life  has  played,  not  only  in  creating 
a  desire  for  alcoholic  beverages  when  condi- 
tions of  work  are  unfavorable,  but  also  in 
limiting  alcoholic  tendencies  when  occupa- 
tion raises  the  social  position  of  the  worker. 
The  main  points  brought  out  are  contained 
in  the  author's  summary: 

The  development  of  modern  industry  saw 
a  marked  increase  in  the  consumption  of  al- 
coholic beverages. 

The  regular  drive  of  work  continued  for 
long  hours,  the  increase  in  activity  demand- 
ed, the  custom  of  paying  wages  before  rest 
periods,  the  occasional  occurrence  of  too  sud- 
den a  rise  in  wages,  have  among  other  things 
contributed  to  this  increase. 

On  the  other  hand,  improved  health  and 
wealth  with  general  social  uplift,  shorter 
hours  of  toil,  provision  of  facilities  for  tak- 
ing food  during  working  hours,  and  of  facili- 
ties for  personal  hygiene,  are  all  industrial 
influences  tending  to  eradicate  inebriety. 


Food  of  Factory  Workers  in  Sweden. 
E.  Ahramson.  Abstracted  as  follows  from 
Hygiea,  Stockholm,  May  31,  1922,  84,  No.  10, 
395,  in  Jour.  Am.  Med."  Assn.,  July  22,  1922, 
79,  No.  4,  338. — The  conditions  are  compared 
of  workers  who  eat  at  home  and  those  eating 
at  the  free  common  dining  room  supported 
by  a  certain  factory  owner.  The  calories 
actually  consumed,  the  differences  with  age, 
sex  and  work,  the  expense  per  capita,  etc., 
are  considered.  Fourteen  tables  give  data 
for  comparative  research  in  this  line. 

Posture  and  Fatigue.  Theresa  Wolfson. 
Abstracted  as  follows  from  Survey,  April  8, 
1922,  in  Jour.  Personnel  Res.,  June,  1922,  1, 
No.  2,  95. — A  discussion  of  a  survey  of  the 
conditions  of  seating,  illumination  and  ven- 
tilation in  the  ladies'  garment  shops  in  New 
York  City.  The  survey  was  made  by  the 
Joint  Board  of  Sanitary  Control  of  the  in- 
dustry as  a  preliminary  to  the  inauguration 
of  an  intensive  campaign  for  improvement 
of  posture.  One  of  the  most  serious  condi- 
tions found  was  the  use  of  a  motley  assort- 
ment of  chairs  and  benches  ill-ada])ted.  for 
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the  most  part,  to  the  stature  of  the  worker. 
The  Board  hopes  to  create  an  intelligent  un- 
derstanding of  the  seating  problem  in  the 
industry  and  to  convince  employers  that 
elimination  of  a  great  amount  of  fatigue 
through  the  proper  handling  of  this  problem 
is  quite  as  much  a  matter  of  good  business 
as  the  installation  of  modern  machines. 

Health  Problems  Involved  in  Noise  and 
Fatigue.  Henry  J.  Spooner.  Nation's 
Health,  March  15,  1922,  4,  No.  3,  156-159.— 
Manufacturers  and  business  men  should  real- 
ize that  noise  prevention  and  reduction  are  a 
paying  proposition,  for  noise  in  its  cumula- 
tive effects  probably  represents  one  of  the 
most  active  causes  of  fatigue  and  is,  there- 
fore, a  source  of  economic  waste.  The  causes 
of  sounds  and  noises  arising  in  city  streets. 
factories,  and  workshops,  are  analj'zed  and 
their  remedies  discussed. — L.   A.   Shaw. 

The  Year's  Progress  in  the  Reduction 
OF  Noise.  Henry.  J.  Spooner.  Nation's 
Health,  June  15,  1922,  4,  No.  6,  368-369.— A 
standard  limit  of  permissible  noise,  beyond 
which  it  should  be  considered  a  public  nuis- 
ance, is  now  made  practicable  by  recent  im- 
provements effected  by  A.  M.  Low  in  his 
audiometer.  Machinery  that  is  practically 
noiseless  can  be  devised  for  almost  every  pur- 
pose. Helical  gears,  spiral  bevel  gears,  etc., 
which  if  mounted  on  shafts  of  sufficient  stiff- 
ness are  silent  running,  should  be  used.  The 
program  should  now  be:  (1)  scientific  de- 
sign from  the  standpoint  of  noise,  substi- 
tuting pressure  for  impact  wherever  prac- 
ticable; (2)  accurate  construction  and  effi- 
cient lubrication;  (3)  observant  efficient 
maintenance. 


The  article  contains  a  detailed  description 
of  Low's  audiometer  and  of  the  new  vibrome- 
ter.— G.   E.   Partridge. 

Fatigue  Effects  as  Measured  by  Sugar 
Content  of  Blood.  Buford  J.  Johnson. 
Abstracted  from  Comparative  Psychol.,  April, 
1922,  2,  No.  2,  155-171,  in  Jour.  Personnel 
Res.,  July,  1922,  1,  No.  3,  152.— This  experi- 
ment was  performed  for  the  purpose  of 
studying  changes  in  the  sugar  content  of  the 
blood  of  children  as  related  to  different  kinds 
and  amounts  of  activity.  Eight  subjects, 
four  boys  and  four  girls  (selected  because  of 
a  relatively  low  resistance  to  physical  fatigue 
and  the  fact  that  they  expended  a  high  de- 
gree of  effort  for  such  scores  as  they  obtained 
in  their  psycho-physical  examination)  were 
used  throughout  the  experiment. 

Tests  for  co-ordination,  discrimination, 
memory  for  digits,  and  substitution  were 
made.  It  was  impossible  to  get  definite  stand- 
ards as  to  the  normal  sugar  content  of  blood 
for  the  ages  considered  because  of  the  vari- 
ability found  in  the  same  individuals  in  the 
preliminarj-  examinations.  The  results  ob- 
tained after  the  test  series  also  showed  a  high 
degree  of  variability.  A  child  might  show  a 
relatively  high  sugar  content  before  exercise 
and  then  either  a  slight  or  marked  increase 
or  even  a  slight  decrease  after  exercise.  The 
author  believes  that,  although  conclusions 
as  to  the  influence  of  the  kinds  and  amounts 
of  activities  upon  the  sugar  content  of  the 
blood  would  be  unwarranted  by  the  data,  the 
experiment  indicates,  nevertheless,  a  method 
of  investigation  that  may  clarify  the  con- 
cepts of  fatigue  and  lead  to  a  reformulation 
of  the  factors  involved  in  fatigue  effects. 


WOMEN  AND  CHILDREN  IN  INDUSTRY 


The  Problem  op  the  Working  Mother. 
A.  Louise  Mcllroy.  Nation's  Health,  March 
15,  1922,  4,  No.  3,  132-135.— According  to  the 
Sex  Disability  Act,  a  woman  must  not  be 
penalized  because  of  her  sex.  As  long  as  a 
woman  does  her  work  satisfactorily  her  pri- 
vate life  should  be  just  as  little  the  concern 
of  her  employer  as  that  of  a  man.  Notwith- 
standing this  act  and  the  morale  which  it 
implies,  there  is  a  tendency  in  England  today 


to  debar  women  from  employment  upon  mar- 
I'iage.  In  dismissing  married  women  from 
work  the  industries  must  lose  many  highly 
skilled  laborers,  and  at  the  same  time  destroy 
the  incentive  of  women  workers  as  a  whole 
to  become  skilled  laborers.  The  injustice  and 
hardship  brought  about  by  dismissal  in  the 
face  of  economic  stress  and  financial  difficul- 
ties may  be  very  severe.  The  strain  and  anx- 
iety involved  in  making  ends  meet  may  be 
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just  bearable  if  a  woman  can  retain  her  pro- 
fession or  trade. 

During  pregnancy,  work,  if  not  harmful 
in  its  effects,  should  be  continued.  In  the 
event  that  full-time  work  seems  to  be  detri- 
mental, then  the  work  must  be  graded  to  meet 
the  temporarily  reduced  capacity.  Reduced 
remuneration  should  be  supplemented  by  a 
maternity  endowment  fund  contributed  by 
the  state. — L.  A.  Shaw. 

Occupations  of  Children.  Fourteenth 
Census  of  the  United  States  Population :  1920. 
U.  S.  Dept.  Commerce,  Bur.  Census,  1922. — 
The  total  number  of  children  from  10  to  15 
years  of  age  engaged  in  gainful  occupations 
in  the  United  States  was,  in  1920,  1,060,858, 
comprising  714,248  boys  and  346,610  girls. 
The  boys  reported  as  gainfully  occupied  con- 


stituted 11.3  per  cent,  of  the  total  of  6,294,98& 
boys  aged  from  10  to  15  j-ears,  and  the  girls 
5.6  per  cent,  of  the  6,207,597  girls  within  the 
same  age  limits.  The  total  number  of  chil- 
dren gainfully  occupied  was  only  slightly 
more  than  half  as  large  in  1920  as  in  1910, 
the  decrease  being  46.7  per  cent.  The  gain- 
fulty  occupied  children  reported  as  engaged 
in  agriculture,  forestry  and  animal  hus- 
bandry numbered  647,309,  and  those  em- 
ployed in  manufacturing  and  mechanical  in- 
dustries, 185,337.  These  two  groups  consti- 
tuted 61  and  17.5  per  cent.,  respectively,  and 
together  embraced  nearly  four-fifths  of  the 
total  number  of  gainfully  occupied  children. 
The  textile  industries  employed  54,649  chil- 
dren, or  nearly  three-tenths  of  the  total  num- 
ber reported  for  manufacturing  and  mechan- 
ical industries  generally. — -K.  R.  Drinker. 


INDUSTRIAL  MEDICAL   SERVICE:    MEDICAL  DISPENSARIES  AND 
HOSPITALS  IN  INDUSTRIAL  PLANTS 


The  Scope  op  Industrial  Medicine.  D. 
Glen  Smith.  Indust.  Management,  June,  1922, 
63,  No.  6,  370.— The  writer  thinks  that  the 
practice  of  industrial  medicine  includes  seven 
chief  functions:  pre-employment  physical  and 
mental  examination ;  periodic  examination  of 
employees ;  the  activities  of  the  hospital  or 
dispensary;  the  prevention  of  occupational 
diseases  and  of  infectious  and  contagious  dis- 
eases; the  sanitary  and  hygienic  supervision 
of  the  plant ;  educational  activities,  and  re- 
search. 

The  pre-employment  examination  properly 
separates  men  into  three  classes :  those  who 
prove  to  be  mentally  and  physically  fitted  for 
any  employment  they  choose  or  can  obtain ; 
those  who  must  be  placed  subject  to  certain 
limitations;  those  physically  or  mentally  unfit 
for  any  employment. 

Emergency  hospitals,  where  accidents  and 
acute  illnesses  of  all  kinds  are  given  only  first 
treatment,  waste  space  and  monej',  and  they 
should  be  replaced  by  the  complete  and  well- 
equipped  dispensary  service.  The  industrial 
dispensai-y  should  be  equipped  for  the  proper 
diagnosis  and  treatment  of  all  minor  and  am- 
bulatory surgical  accident  cases  of  company 
responsibility  and  of  all  minor  surgical  and 
medical  cases  of  personal  responsibilitj''  in 
order  that  employees  may  be  kept  at  their 


work  until  they  can  conveniently  consult  pri- 
vate physicians;  and  for  the  purpose  of  .secur- 
ing records  of  facts  for  protection  against 
these  personal  conditions,  which  occasionally 
are  brought  forward  as  claims. 

Ninety  per  cent,  of  the  activities  of  indus- 
trial medicine  are  aimed  at  prevention,  and 
every  industrial  medical  service  should  de- 
velop a  satisfactory  system  of  guarding  em- 
ployees against  diseases  as  well  as  accidents. 

Keeping  the  Human  Machinery  off  the 
Scrap  Pile.  Edward  S.  Cowdrick.  Indust. 
Management,  June,  1922,  63,  No.  6,  324-325. 
— The  writer  argues  that  it  is  as  important  to 
industry  to  conserve  the  human  factor  as  it  is 
to  conserve  machineiy.  The  physical  condi- 
tion of  a  worker  and  the  factors  that  affect  it 
are  proper  subjects  for  close  consideration. 

Health  con.servation,  as  here  discussed, 
starts  with  the  physical  examination. 
Tliorough  examinations  at  stated  intervals — 
conducted  by  competent  internists — and  care- 
fully recorded  findings  are  essential.  Purely 
])hysical  ailments  may  produce  mental  or  tem- 
peramental lapses  which  may  be  very  costly 
to  industry.  A  high  salaried  executive  may 
pass  months  during  which,  on  account  of  a 
loss  of  physical  or  mental  vigor,  his  services 
are  worth  only  a  fraction  of  wliat  they  cost. 
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The  necessity  of  understanding  and  conserv- 
ing the  physical  and  mental  health  of  men  is, 
therefore,  apparent  if  such  loss  is  to  be 
avoided. — G.  E.   Pai-tridge. 

Medical  Services  Available  tor  Natives 
ON  THE  Eand  Mines.  M.  M.  Pam.  Lancet, 
June  10,  1922,  202,  No.  5,154,  1,174-1,175.— 
The  account  given  of  medical  services  avail- 
able for  natives  on  the  Rand  Mines  borders 
on  the  ideal,  an  ideal  seldom  attainable.  Na- 
tives, recruited  from  their  villages,  undergo 
not  only  thorough  medical  examination  upon 
reaching  Johannesburg,  but  they  are  treated 
for  vermin,  their  heads  and  bodies  are  shaved, 
and  their  clothes  are  baked.  They  are  given 
pneumococcal  vaccine  and  are  weighed  at  the 
time  of  employment  and  every  succeeding 
month.  Medical  officers  are  attached  to  each 
mine  or  group  of  mines;  there  are  dressing 
stations  with  attendants  in  charge ;  ambu- 
lances connect  with  central  hospitals  of  two 
hundred  or  more  beds.  These  hospitals  have 
ample  opportunity  for  bacteriological  and 
chemical  work  with  the  South  African  In- 
stitute for  Medical  Research. 

The  nursing  is  carried  out  by  trained  white 
matrons  and  sisters,  with  colored  probation- 
ers ;  when  the  latter  are  well  trained  they  per- 
form routine  work  excellently.  Native 
' '  boys ' '  act  as  ward  attendants,  orderlies,  and 
interpreters.  On  returning  home,  patients 
who  have  not  fully  recovered  pass  to  the  care 
of  the  medical  officer  at  the  nearest  recruiting 
station. 

The  organization  is  effective  in  action  as 
well  as  on  paper,  and  on  the  whole,  the  min- 
ing natives  on  the  Rand  are  well  cared  for  and 
treated. — E.  L.  Collis. 

Cooperative  Medical  Aid  foe  Injured 
Workmen.  Homer  D.  Dudley.  Nation's 
Health,  April  15,  1922,  4,  No.  4,  231-233.— 
The  Industrial  Sei-vice  Bureau  of  the  Kings 
County  (Washington)  Medical  Society  was 
organized  to  co-ordinate  two  plans  devised 
for  rendering  relief  to  injured  workmen  un- 
der the  Medical  Aid  Act:  one  plan  permit- 
ting industrial  plants  to  enter  into  contract 
with  individual  physicians  to  furnish  medi- 
cal service ;  the  other  plan  giving  the  injured 
employee  the  free  service  of  a  physician. 
This  bureau,  backed  by  the  medical  society. 


makes  contracts  with  employers  to  render 
medical  and  surgical  service,  discharges  its 
obligations  to  injured  workmen  satisfactori- 
ly, permitting  them  free  choice  of  a  physician 
if  they  desire  it,  and  at  the  same  time  appor- 
tions the  work  fairly  among  the  members  of 
the  society. 

The  following  is  a  brief  summarj^  of  the 
service  which  the  bureau  renders:  (1)  A 
twenty -four  hour  service  through  a  telephone 
exchange  with  five  trunk  lines  employing 
three  operators;  (2)  a  choice  of  any  physi- 
cian from  the  bureau's  list  of  doctors  classi- 
fied as  to  their  specialties;  (3)  in  the  event 
that  the  doctor  chosen  is  not  immediately 
available,  an  emergency  service  is  furnished 
and  the  physician  selected  by  the  injured 
workman  subsequently  takes  charge  of  the 
case;  if  no  preference  is  expressed,  the  bu- 
reau furnishes  a  doctor  from  a  rotating  list 
of  physicians  who  have  agreed  to  be  on  caU 
for  that  day;  (4)  a  fully  equipped  first-aid 
station  with  a  graduate  nurse  in  charge  in 
each  plant  or  neighboring  group  of  plants 
employing  1,000  or  more  workmen;  (5)  con- 
sultation is  furnished  in  all  serious  cases, 
consultation  when  requested,  and  consulta- 
tion covering  the  various  specialties  when- 
ever indicated;  (6)  first-aid  cabinets  with 
free  lectures  weekly  to  designated  first-aid 
men  in  the  various  industrial  plants;  (7) 
free  ambulance  and  hospital  care  when  need- 
ed; (8)  private  nurses  and  private  hospital 
rooms  in  serious  eases  when  advised  by  the 
attending   physician. — K.   R.   Di-inker. 

Value  op  Comparative  Records  in  Indus- 
try. Robert  E.  Andrews.  Nation's  Health, 
June  15,  1922,  4,  No.  6,  361-362.— There  ap- 
pear to  be  as  yet  no  accepted  standards  by 
which  the  medical  departments  of  two  estab- 
lisliments  working  along  similar  lines  may 
classify  their  risks,  accidents,  illnesses,  lost 
time,  and  industrial  hazards.  The  motive  for 
carrj'ing  on  surveys  has  been  selfish,  with 
little  or  no  thought  about  the  help  which 
they  might  bring  to  industry  in  general,  or 
even  to  their  type  of  industry  in  particular. 
Standardization  in  keeping  and  publishing 
results  is  necessary,  for,  in  order  to  obtain 
the  greatest  value  from  medical  investiga- 
tions, it  is  essential  to  compare  them  with 
others. 
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The  writer  has  been  developing  a  tentative 
plan  for  such  standardization  of  records, 
using  the  International  List  of  Causes  of 
Death,  making  analysis  by  the  Hollerith 
punch   card  and    by    a    punch  card  of  the 


Pindex  System.  A  sample  card  is  displayed, 
and  the  code  is  given  for  disease  classifica- 
tion, accident  causes,  accident  types,  occupa- 
tion, nationality,  sex  status,  and  absenteeism. 


INDUSTRIAL   PSYCHOLOGY  AND  INDUSTRIAL  MANAGEMENT 
IN  ITS  HEAI;TH  RELATIONS 


The  "Psychosis"  op  Industry.  Frank  M. 
Harris.  Indust.  Management,  July,  1922, 
64,  No.  1,  18-23.— The  writer  thinks  the  prin- 
ciples of  psycho-analysis  may  be  applied  to 
the  urgent  problems  arising  from  the  present 
industrial  conflict.  A  state  of  mental  ill- 
health  exists  in  the  collective  mind  of  indus- 
try, and  this  psychosis  is  the  result  of  a  con- 
flict between  wish  and  fact.  There  are 
thwarted  desires  on  the  part  of  both  labor  and 
capital  that  require  repeated  repression,  re- 
sulting in  dejection  and  discontent  which 
lower  the  resistance  of  the  industrial  body 
and  increase  its  susceptibility  to  various  kinds 
of  attack. 

The  cure  is  to  be  found  in  co-operative 
ownership  which  substitutes  parallelism  of  in- 
terest for  opposition  of  interest.  Co-opera- 
tive ownership  replaces  the  inherent  feeling 
of  drudgery  with  personal  enthusiasm  for  the 
work;  and  replaces  the  contention  for  collec- 
tive bargaining  of  employees  with  the  collec- 
tive ballot-power  of  the  employee  stock-hold- 
er. Co-operative  ownership,  however,  is  not 
a  system  that  must  be  rejected  or  accepted 
intact.  It  is  a  movement  toward  an  ideal — a 
movement  toward  individualizing  and  hu- 
manizing industry. — 6.  E.  Partridge. 

Tests  fob  Clerical  Occupation.s.  Cijrit 
Burt.  Jour.  Nat.  Inst.  Indust.  Psychol.,  1922, 
1,  79-81. — The  author  applied  a  number  of 
tests  to  a  small  group  of  experienced  and  in- 
telligent shorthand  typists,  and  correlated 
the  rank  obtained  in  the  tests  with  that  sup- 
plied by  the  supervisor:  (1)  for  general  of- 
fice efficiency,  (2)  for  efficiency  in  typewrit- 
ing, and  (3)  for  efSciencj'  in  shorthand.  The 
correlation  coefficients  were  high,  that  be- 
tween general  office  efficiency,  as  estimated  by 
the  supervisor,  and  the  order  for  general  in- 
telligence, as  indicated  by  the  tests,  being 
0.79.  The  shorthand  test  yielded  the  same 
coefficient,  but  that  for  ty|)ing  was  only  0.60. 


As  the  result  of  comparing  the  tests,  it  ap- 
peared that  mixed  sentences,  opposites,  and 
completion  were  better  tests  of  general  ef- 
ficiency than  definitions,  synonyms,  analogies, 
and  spelling. 

The  typists  were  sorted  into  four  groups, 
termed  excellent,  good,  tolerable,  and  fail- 
ures, and  by  determining  the  marks  obtained 
by  each  group  in  the  tests,  standards  of  ef- 
ficiency were  obtained. — H.  M.  Vernon. 

What  Is  Personnel  Kesearch?  Robert 
M.  Yerkes.  Jour.  Personnel  Res.,  June,  1922, 
1,  No.  2,  56-63. — Personnel  research  is  the 
study,  by  scientific  methods,  of  man  in  rela- 
tion to  the  trades,  arts,  and  professions.  Only 
recently  has  attention  been  directed  to  this 
problem,  as  the  idea  of  increasing  efficiency 
through  the  mechanization  of  industrial  op- 
erations has  been  carried  into  the  sphere  of 
human  labor,  while  at  the  same  time  labor 
under  the  process  of  mechanization  has  be- 
come more  and  more  self-conscious  and  de- 
fensive, thus  causing  mutual  suspicion  and 
dislike  on  the  part  of  employer  and  laborer. 
There  emerges  slowly  in  this  situation  the 
belief  that  personnel  research  may  point  the 
way  to  adjustment  or  to  a  better  system. 

The  proper  unit  of  industry  is  the  person, 
not  the  machine;  the  principal  aspects  of 
man  in  this  capacity  are  three:  physical, 
mental,  and  moral.  Personnel  research  must 
be  concerned  with  all  available  methods  of 
studying  these  qualities  and  relations  of  men. 
Personnel  research  has  to  do  also  with  the 
hygiene  of  occupational  and  personal  life, 
with  occupational  diseases,  with  the  health, 
vitalit}',  safety,  and  comfort  of  the  worker. 

In  regard  to  investigation  of  mentality, 
there  are  two  groups  of  mental  measurements 
that  are  especially  important :  measurements 
of  intelligence,  and  measurements  of  tem- 
perament and  emotional  traits.  Much  has 
already  been  done  in  the  study  of  the  rela- 
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tions  of  the  body  of  the  worker  to  industrial 
demands,  and  now  the  mental  aspects  of  the 
worker's  nature  are  being  considered.  But 
there  is  more  than  that :  the  person  may  be 
misplaced  in  choosing  a  vocation  because  of 
lack  of  character  and  moral  constitution,  so 
there  is  urgent  demand  for  the  measurement 
of  other  aspects  of  mind  than  the  intellectual. 
There  are  also  three  essential  categories  of 
value  as  of  per.sonal  traits :  the  material,  the 
mental  and  the  spii-itual.  Industrial  life 
must  be  made  to  pro-^ide  for  the  development 
of  every  personality  in  respect  to  all  values. 

Forms,  Records,  and  Reports  in  Person- 
nel Administration.  C.  N.  Hitchcock. 
Univ.  Chicago  Press,  1922,  pp.  128.  — The 
purposes  of  this  collection  of  forms  and 
records  are  two :  to  suggest  the  type  of  data 
in  the  field  of  industrial  relations  which  the 
management  of  a  business  should  have  at  its 
disposal,  the  records  necessary  for  their  col- 
lection, and  some  possible  methods  of  pre- 
senting them  for  administrative  use;  and  to 
illustrate  the  normal  daily  routine  procedure 
of  a  personnel  department. 

The  Medical  Aspects  of  Personnel 
Work.  Robert  E.  Andrews.  Nation's 
Health,  April  15,  1922,  4,  No.  4,  228-230.— 
Proper  correlation  of  the  medical  and  the 
employment  departments  is  of  great  assist- 
ance in  solving  many  of  the  placement  prob- 
lems which  arise  in  an  industry.  Each  new 
employee  should  be  given  a  physical  rating 
by  a  qualified  industrial  physician,  and  the 
data  in  regard  to  him  turned  over  to  the 
employment  manager.  In  this  way  three 
sources  of  danger  are  eliminated:  danger  to 
the  worker  himself  through  fainting  or  epi- 
leptic seizures  in  the  neighborhood  of  moving 
machinery ;  danger  to  other  workers  from 
contagion ;   and,   lastly,   danger  to  property 


from  the  mental  unbalance  of  a  worker. 

The  problem  of  the  pregnant  woman  is  an 
extremely  important  one  in  certain  indus- 
tries. In  the  textile  shops  of  the  Ludlow 
Manufacturing  Associates,  for  example,  more 
than  10  per  cent,  of  the  "help  left"  during 
a  year  are  obstetrical  cases.  The  industi'ial 
phy.sician  should  be  the  employment  man- 
ager's right  hand  in  determining  whether 
pregnant  women  are  harming  themselves  and 
are  slowing  production  by  being  kept  too 
long  on  the  job,  and  also  whether,  as  efficient 
workei-s,  they  are  physically  ready  to  return 
to  work  when  they  reappear  after  confine- 
ment, seeking  their  old  jobs. 

The  medical  and  employment  departments 
can  advantageously  co-operate  with  each 
other  in  handling  such  problems  as  the  bet- 
terment of  industrial  relations,  the  placement 
of  the  industrial  cripple  and  of  minors  at 
suitable  work,  the  treatment  of  requests  for 
transfer  because  of  fancied  grievances,  the 
employment  of  widows  with  dependents,  the 
finding  of  temporary  jobs  for  convalescents, 
and  the  handling  of  phobias  and  of  psycho- 
logical conditions  arising  from  monotonous 
work. — K.  R.  Drinker. 

A  Test  for  Use  in  the  Selection  of 
Stenographers.  M.  A.  Bills.  Abstracted 
from  Jour.  Applied  Psychol.,  Dec,  1921,  5, 
No.  4,  in  Jour.  Personnel  Res.,  June,  1922.  1, 
No.  2,  92. — This  reports  further  work  with 
tests  for  stenographers  and  checks  results 
given  in  a  former  issue  of  the  Journal  of 
Applied  Psychology.  Test  VI,  an  intelligence 
test  devised  by  the  Bureau  of  Personnel  Re- 
search, gives  a  critical  score  of  60,  that  is. 
those  scoring  below  60  are  failures.  To  check 
the  results,  the  test  was  given  to  two  other 
groups,  confirming  the  conclusion  that  the 
placing  of  the  critical  score  was  correct. 


INDUSTRIAL  SERVICE  AND  MUTUAL  BENEFIT  ASSOCIATIONS 


Making  Happiness  a  Bt-Pkoduct  of  In- 
dustry. George  W.  Hanley.  Indust.  Manage- 
ment, May,  1922,  63,  No.  5,  287-291.— The 
whole  personnel  of  the  American  Rolling  Mill 
Company  in  Middletown,  Ohio,  is  organized 
into   an  association,  the  members  of  which 


work  together  to  promote  everyone's  happi- 
ness. The  association  is  governed  by  a  board 
of  directors  elected  by  popular  vote  from  dif- 
f  rent  departments  of  the  mill.  It  has  pur- 
chased and  equipped  a  large  building  for  use 
as    a    clubhouse    and    it    maintains    atliletie 
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grounds,  etc.  A  band  lias  been  organized 
and  trained  to  a  high  degree  of  skill,  and  the 
association  also  has  an  orchestra  and  chorus. 
Public  concerts  are  given ;  there  are  enter- 
tainments, dances,  athletic  contests;  and 
many  other  cliTb  aciti\'ities  are  carried  on. 

Advaktages  of  a  Model  Industrial  Cafe- 
TEELi..  Lee  E.  Frankel.  Nation's  Health, 
April  15, 1922,  4,  No.  4,  219-221.— This  article 
describes  in  detail  the  working  organization 
of  the  cafeteria  of  the  Metropolitan  Life  In- 
surance Company  in  New  York  City,  a  cafe- 
teria in  which  over  6,000  employees  are 
served  daily  with  a  free  table  d'hote  lunch- 
eon.— K.  R.  Drinker. 

A  New  Kind  op  Factory  Vacation  Plan. 
Abstracted  from  Labor  Forecast  (Babson's), 
July,  1922,  in  Factory,  Sept.,  1922,  29,  No.  3, 


304,  306. — The  American  Multigraph  Com- 
pany of  Cleveland  installed  a  plan  of 
employee  representation  patterned  on  the 
United  States  Government,  in  which  the  offi- 
cers of  the  company  formed  the  Cabinet,  the 
department  heads  a  body  called  the  Senate, 
and  the  bulk  of  the  employees  the  House  of 
Representatives.  The  two  latter  bodies  to- 
gether made  up  the  Congress.  This  Con- 
gress formulated  a  vacation  plan  which  is 
used  by  the  company. 

Vacation  periods  are  based  upon  length  of 
service  in  the  company;  an  employee  who 
has  worked  for  five  years  or  more  is  given 
a  vacation  of  two  weeks;  an  employee  who 
has  worked  at  least  two  years,  one  week.  If 
an  employee  uses  his  vacation  period  for  any 
other  purpose  than  that  of  taking  a  vacation, 
measures  are  taken  to  penalize  him  for  this 
breach  of  the  vacation  arrangement. 


INDUSTRIAL  HEALTH  LEGISLATION:    COURT  DECISIONS: 
WORKMEN'S  COMPENSATION  AND  INSURANCE 


Labour  Legislation  Arising  out  op  the 

iNTERNATIONiUi    LABOUTi    CONFERENCE.      Intcr- 

nat.  Labour  Office,  Official  Bull.,  Aug.  9, 
1922,  6,  No.  6,  253-289.— A  summary  is  pre- 
sented of  the  measures  taken  to  give  effect 
to  the  Draft  Conventions  and  Recommenda- 
tions adopted  by  the  1919,  1920,  and  1921 
se.ssions  of  the  International  Labour  Con- 
ference.— M.  C.  Shorley. 

New  York  Labor  Laws  Enacted  in  1922. 
New  York  State,  Dept.  Labor,  Special  Bull., 
No.  Ill,  May,  1922,  pp.  38.— This  pamphlet 
contains  New  York  Labor  Laws  for  1922  per- 
taining to  public  safety,  and  hygiene;  work- 
men's compensation;  court  jurisdiction  of  of- 
fenses ;  woman,  child,  prison,  and  hospital 
labor;  and  railroad  and  public  employees. 

The  Protection  of  Bi^ind  Workers.  Inter- 
nat.  Labour  Office,  Official  Bull.,  May  24, 
1922,  5,  Nos.  20-21,  2-8.— The  International 
Labour  Office  presented  to  the  General  Con- 
ference on  the  Freedom  of  Communications 
and  Transit,  held  at  Barcelona,  a  request  for 
an  international  agreement  concerning  facili- 
ties for  travelling  for  the  blind. 

It  was  recommended  that  national  admin- 
istration   of    transportation    services    should 


jointly  give  special  consideration  to  the  posi- 
tion of  the  blind  travelling  in  the  exercise  of 
their  vocation,  and  that  they  should  particu- 
larly consider  the  possibility  of  authorizing 
blind  workers  thus  travelling  to  be  accom- 
panied by  a  guide  without  having  to  pay  two 
fai-es. 

A  questionnaire  was  issued ;  and  reports 
were  given  from  twenty-four  countries  show- 
ing that  at  present  there  is  a  wide  variety  of 
practices,  from  total  lack  of  special  privileges 
to  blind  persons,  as  in  Greece,  Japan,  and 
Lithuania,  to  liberal  provisions  for  them  such 
as  are  made  in  Australia,  France,  and  several 
other  countries. — G.  E.  Partridge. 

Workmen's  Compensation.  U.  S.  Bur.  La- 
bor Statis.,  Month.  Labor  Rev.,  June,  1922, 
14,  No.  6,  156-159.— This  is  a  brief  report  re- 
garding workmen's  compensation  from  four 
states:  Indiana,  North  Dakota,  Pennsylvania, 
and  Virginia.  A  summary  of  accident  statis- 
tics is  given  and  of  the  payments  in  compensa- 
tion. Indiana  reports  263  fatal  accidents 
during  the  year  1920-1921,  Pennsylvania 
1,924,  Virginia  144.  The  total  number  of  ac- 
cidents in  Pennsjdvania  from  January,  1916, 
to  the  end  of  1921  is  given  as  1.136,060,  of 
which  16,166  were  fatal  and  410,193  serious. 
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Spirochetal,  Jaundice  and  Workmen's 
Compensation.  J.  Shwrer.  Abstracted  as 
follows  from  Med.  Klin.,  April  23,  1922,  18, 
No.  17,  533,  in  Jour.  Am.  Med.  Assn.,  July 
1,  1922,  79,  No.  1,  85.— The  man  of  62  de- 
veloped fatal  spirochetal  jaundice  two  weeks 
after  a  fall  into  a  cesspool.  An  analogous 
case  was  published  by  Stirl.  The  right  to 
woi-kmen's  compensation  was  recognized  in 
both  cases. — K.  R.  Drinker. 


Workmen's  Compensation  for  Inocula- 
tion WITH  Plague.  Jour.  Am.  Med.  Assn., 
July  29,  1922,  79,  No.  5,  379.— The  Medicina 
Contemporanea  quotes  in  full  the  decision 
rendered  recently,  by  the  Lisbon  court  that 
deals  with  workmen's  compensation  cases,  in 
the  ease  of  an  attendant  at  a  hospital  morgue. 
His  duties  included  assisting  at  necropsies, 
and  he  died  eight  days  after  being  scratched 
on  the  finger  during  the  necropsy  of  a  plague 
victim.  The  lesions  and  bacilli  of  plague 
were  found  in  him  after  death,  and  the  court 
decreed  that  a  compensation  based  on  the 
salary  the  man  had  been  getting  should  be 
paid  to  the  widow  and  two  children. 

The  Portuguese  government  granted  a 
pension  to  the  family  of  Professor  Pestana 
under  similar  conditions ;  death  followed  con- 
tracting of  plague  from  a  cadaver.  Our  ex- 
change queries,  "And  what  about  the  phy- 
sicians and  nurses  who  have  lost  their  lives 
from  professionally  acquired  plague,  typhus 
or  pneumonia,  during  these  last  two  years 
since  the  law  on  workmen's  compensation  has 
been  in  effect?" 


A  Neglected  Phase  of  Workmen's  Com- 
pensation. E.  H.  Lewinski-Corivin.  Na- 
tion's Health,  March  15,  1922,  4,  No.  3, 
155-156. — The  past  ten  years  have  proved  the 
compensation  laws  dealing  with  industrial  ac- 
cidents in  the  United  States  to  be,  on  the 
whole,  a  success.  Too  much  stress,  however, 
has  been  laid  on  economic  relief  and  on  the 
reduction  of  the  frequency  of  accidents,  and 
altogether  too  little  thought  has  been  given 
to  the  adequacy  of  medical  pi'ovision  for  the 
victims  of  the  accidents.  There  is  need  of 
a  thoroughgoing  study  of  the  problem  of 
administration  of  the  medical  benefit  in 
workmen's  compensation. — L.  A.  Shaw. 


Pensions.  Abstracted  from  L'Usine,  Paris, 
Jan.  28,  1922,  in  Factory,  May,  1922,  28,  No. 
5,  564,  566. — Pensions  for  old  and  incapaci- 
tated workers  have  been  established  by  a  num- 
ber of  French  manufacturers.  According  to 
one  plan  workmen  contribute  a  minimum  of 
1  per  cent.,  and  the  owners  contribute  a  like 
amount  until  ten  years  of  service  have  been 
completed,  when  their  contribution  is  in- 
creased to  1.5  per  cent.  After  20  years  the 
employer's  contribution  is  increased  to  2  per 
cent.  To  encourage  thrift  a  larger  propor- 
tionate contribution  is  made  by  the  employer 
as  the  employee's  contribution  increases. 
After  five  years  of  continued  service,  the  pay- 
ments of  the  owners  remain  unrestrictedly 
the  propertj'  of  the  workmen. 


Comparison  op  Workmen's  Compensation 
Insurance  and  Administration.  Carl  Hook- 
stadt.  U.  S.  Dept.  Labor,  Bur.  Labor  Statis.,^ 
Bull.  No.  301,  April,  1922,  pp.  194.— As  a  re- 
sult of  the  demand  of  state  legislators  and 
others  for  information  regarding  the  relative 
merits  of  different  types  of  insurance  under 
workmen's  compensation,  this  investigation 
was  begun  in  1919,  and  completed  in  1920. 
The  points  upon  which  information  was- 
particularly  sought  were  the  relative  costs, 
security,  and  service  of  the  various  types  of 
insurance  carriers.  The  question  of  costs  in- 
cluded both  the  cost  of  insurance  and  the  cost 
of  administration.  The  question  of  security 
covered  security  both  to  employers  and  to  in- 
jured workmen.  In  regard  to  service,  three 
tests  were  taken  into  consideration:  (1) 
promptness  of  compensation  payments,  (2) 
adequacy  or  liberality  of  paj'ments,  and  {3} 
accident  prevention  work.  An  additional 
study  was  made  of  the  administrative  pro- 
cedure of  state  industrial  commissions  and 
funds,  especially  in  regard  to  methods  of  ac- 
cident reporting  and  claim  procedure. 


The  Physician  and  Workmen's  Compen- 
sation. George  E.  Tucker.  Nation's- 
Health,  Feb.  15,  1922,  4,  No.  2,  101-104.— 
There  is  an  almost  uniform  agreement  by 
legislators  and  parties  at  interest  as  to  the 
purpose  of  workmen's  compensation;  yet 
there  is  so  little  similarity  between  the  com- 
pensation laws  of  adjoining  states,  even  when. 
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the  industrial  conditions  would  seem  to  call 
for  the  same  standard,  that  the  probability  of 
attaining  any  degree  of  legislative  uniformity 
now  seems  very  remote. 

Among  legislators,  and  even  among  physi- 
cians, when  medical  aid  provisions  have  been 
considered,  palliation  instead  of  restoration 
has  been  allowed  to  become  the  object  of  their 
eflEort.  Whatever  shortcomings  there  are  in 
the  results  obtained  from  the  application  of 
the  compensation  principle  in  this  country 
and  the  part  taken  by  physicians  in  connec- 
tion with  its  operation,  they  may  be  attributed 
to  faulty  legislation  and  misunderstandings, 
and  the  cure  will  follow  further  study,  in- 
vestigation, education,  and  legislative  amend- 
ments. 

Particular  emphasis  is  laid  upon  the  fact 
that  palliative  measures  are  in  the  end  waste- 
ful, and  that  a  consideration  of  physicians' 
fees,  hospital  expenses,  and  compensation  to 
the  disabled  man  during  convalescence  must 
not  stand  in  the  way  of  the  most  effective  pos- 
sible recovery. — L.  A.  Shaw. 

Desirable  Improvemexts  in  the  New  Jer- 
sey Workmen's  Compensation  System.  E. 
H.  Doivney.  Am.  liabor  Legis.  Rev.,  June, 
1922,  12,  No.  2,  115-117. — This  is  a  review  of 
the  report  of  the  committee  on  workmen's 
compensation  of  the  New  Jersey  State  Cham- 
ber of  Commerce,  and  it  reinforces  the  claims 
made  in  that  report.  The  plea  is  that  the 
whole  cost  of  work  injuries  ought  to 
Tdc  borne  by  industrj%  whereas  now  in 
the  state  of  New  Jersey  (and  to  a 
greater  or  less  extent  in  every  state)  the 
cost  is  thrown  upon  the  injured  workman. 
New  Jersey  pays  the  injured  workman  not 
more  than  .$12  per  week,  beginning  with  the 
tenth  day  after  disability:  for  temporary 
disability  industry  bears  2.5  per  cent,  of  the 
cost  only.  For  permanent  total  disability, 
New  Jersey  pays  $12  a  week  for  400  weeks. 
In  case  of  death  compensation  is  paid  to  the 
widow  and  children  for  not  more  than  300 
weeks.  "For  this  state  of  affairs  there  is  no 
excuse  in  ethics,  economics,  or  politics."  The 
cost  of  100  per  cent,  compensation  for  all  work 
injuries  would  not  amount  to  10  cents  on  a 
pair  of  shoes.  A  decent  and  adequate  scale 
of  benefits  would  impose  no  hardship  on  the 
employer  or  on  the  consumer. — G.  E.  Par- 
tridge. 


Occupational  Diseases  Excluded  from 
Operation  of  Oregon  Workmen's  Compen- 
sation Act.  U.  S.  Pub.  Health  Ser.,  Pub. 
Health  Rep.,  June  2,  1922,  37,  No.  22,  1314.— 
"It  has  been  decided  by  the  Supreme  Court 
of  Oregon  that  under  the  workmen's  com- 
pensation act  of  that  state  an  occupational  dis- 
ease is  not  a  'personal  injury  by  accident,' 
and  therefore  is  not  compensable.  The  dis- 
ease in  question  in  this  case  was  lead  poison- 
ing."— B.  Cohen. 

New  York  State  Labor  Law,  with 
Amendments,  Additions  and  Annotations 
to  August  1,  1922.  Pp.  143.  New  York 
State  j\Iiscellaneous  Labor  Laws,  with 
Amendments,  Additions  and  Annotations 
TO  August  1,  1922.  Pp.  165.  New  York 
State  Workmen  's  Compensation  Law,  with 
Amendments,  Additions  and  Annotations 
to  August  1,  1922.  Pp.  112.— These  pam- 
phlets are  listed  for  the  benefit  of  interested 
readers. — M.  C.  Shorley. 


So-Called  Traumatic  Displacements  of 
THE  Uterus.  Harry  E.  Mock.  Jour.  Am. 
Med.  Assn.,  Sept.  2,  1922,  79,  No.  10,  797- 
801. — The  author  discusses  in  this  paper  the 
frequency  of  so-called  traumatic  displace- 
ments of  the  uterus  in  personal  injurj-  claims, 
and  contrasts  with  it  the  great  infrequency 
of  the  actual  occurrence  of  this  condition. 
He  then  cites  the  opinions  of  various  physi- 
cians and  surgeons,  obtained  by  question- 
naires and  by  direct  inquiry,  as  to  the  rarity 
of  traumatic  displacement  of  the  uterus,  and 
reviews  the  statements  of  various  gynecolog- 
ical authorities  upon  trauma  as  a  cause  of 
displacement.  Conclusions  derived  from  the 
material  presented  are  as  follows: 

1.  Acute  temporary  displacements  of  the 
uterus  maj'  follow  trauma,  but  the  symptoms 
are  so  severe  that  relief  is  secured  immedi- 
ately, and  the  disability  is  only  of  short  dura- 
tion. 

2.  Permanent  uterine  displacements  are 
never  due  to  trauma  per  se. 

3.  Trauma  may  cause  some  exaggeration 
of  an  existing,  unrecognized  displacement, 
but  careful  study  will  demonstrate  that  the 
chief  ctiologie  factors  are  some  combination 
of  the  pre-existing  conditions. — K.  R.  Drinker. 
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GENERAL 


The  Industrial  Physician's  Community 
Relations.  Nation's  Health,  Sept.  15,  1922, 
4,  No.  9,  549-550. — This  article  summarizes 
the  findings  of  a  committee  of  three  appoint- 
ed to  report  to  the  meeting  of  the  American 
Association  of  Industrial  Physicians  and 
Surgeons  upon  the  relations  of  the  industrial 
medical  practitioner  to  the  activities  of  the 
non-industrial  physicians  and  of  other  com- 
munity health  agencies. — -L.  A.  Shaw. 

Report  of  the  Committee  on  Industrial 
Hygiene,  State  and  Provincial  Health 
Authorities.  Am.  Jour.  Pub.  Health,  Oct., 
1922,  12,  No.  10,  839-840.— In  its  report  to 
the  1922  Conference,  the  Committee  submit- 
ted for  consideration  three  questions  and 
tentative  answers  thereto  as  follows: 

1.     Is  industrial   hygiene   a   proper   func- 


tion for  a  state  department  of  health?  The 
question  is  answered  in  the  affirmative,  and 
reasons  are  given. 

2.  Is  industrial  hygiene  of  sufficient  im- 
portance to  give  it  a  distinctive  position  in 
the  organization?  The  answer  suggested  is 
that  industrial  hygiene  be  made  a  subdivi- 
sion of  either  the  bureau  of  general  adminis- 
tration or  medical  welfare,  employing  for  the 
personnel  assignments  persons  from  the  en- 
gineering, nursing,  sanitary  inspection,  sta- 
tistical, and  other  bureaus. 

3.  What  should  a  state  department  of 
health  program  for  industrial  hygiene  incor- 
porate? In  answer,  a  program  is  submitted 
including  the  following  suggestions: 

(a)  That  contact  with  public  factory  in- 
spection, labor  and  compensation  agencies  be 
secured. 
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{b)  That  education  and  publicity  work 
for  employers,  employees,  and  the  commun- 
ity be  carried  on. 

(c)  That  information  service  and  stand- 
ard methods  be  established. 

(d)  That  service  in  the  form  of  demon- 
strations, inspections,  research,  medical  and 
nursing  consultations,  etc.,  be  installed. — 
Henry  P.  Smyth. 

Proceedings  op  the  Industrial  Rela.- 
TiON.s  Conference,  October  24-27,  1921. 
Penn.  Dept.  Labor  and  Indust.,  Ser.  of  1922, 
9,  No.  2,  pp.  252. — This  pamphlet  contains  a 
very  considerable  number  of  brief  papers 
presented  at  the  Industrial  Eelations  Con- 
ference held  in  October,  1921,  under  the  aus- 


pices of  the  Department  of  Labor  and  In- 
dustry of  Pennsylvania,  together  with  the 
discussion  following  these  papers.  The  arti- 
cles of  interest  to  industrial  hygiene  are 
"Employment  of  Minors,"  by  ilary  Ander- 
son; "The  Massachusetts  Forty-Eight  Hour 
Week  vs.  the  Eight- Hour  Day,"  by  Ethel  M. 
Johnson;  "A  Plan  of  Industrial  Clinics  for 
Philadelphia,"  by  Dr.  Mer^^-n  Ross  Taylor; 
"The  Doctor  an  Educator  and  Promoter  of 
EfiSeiency,"  by  Dr.  "W.  Seymour  White; 
"Occupational  Clinics  for  Industrial  Service 
and  Research,"  by  Dr.  Edward  E.  Mayer; 
"Rehabilitation  of  the  Industrial  Cripple," 
by  Lewis  T.  Bryant,  and  "Progress  in  Com- 
pensation," by  Robert  E.  Lee. — K.  R. 
Drinker. 


POISONOUS  HAZARDS  AND   THEIR  EFFECTS:    GASES, 
CHEMICALS,  ETC. 


The  Treatment  of  Carbon  Monoxide  As- 
phyxia BY  JIeans  of  Oxygen  +  COj  Inhala- 
tion. Yandell  Henderson,  Howard  W.  Hag- 
gard, and  Stuart  Scott.  Jour.  Am.  Med. 
Assn.,  Sept.  30,  1922,  79,  No.  14,  1137-1145. 
— This  article,  which  constitutes  Report  1,  of 
the  Commission  on  Resuscitation  from  Car- 
bon Monoxide  Asphyxia,  organized  at  the 
request  of  the  American  Gas  Association,  re- 
ports investigations  both  in  the  field  and  in 
the  laboratory  on  the  treatment  of  carbon 
monoxide  asphyxia  by  the  inhalation  of  a 
mixture  of  oxygen  and  of  5  per  cent,  carbon 
dioxide.  The  authors  first  discuss  the  ineifec- 
tiveness  of  oxygen  alone  and  then  point  out 
the  value  of  adding  carbon  dioxide  to  the 
oxygen  in  order  to  stimulate  vigorous  breath- 
ing so  that  oxygen  may  be  drawn  into  the 
lungs  and  carbon  monoxide  "washed  out." 

Laboratory  experiments  on  animals  and  on 
men  are  cited  to  show  the  speed  (within 
thirty  minutes)  with  which  high  concentra- 
tions in  the  blood  of  carbon  monoxide  are 
reduced  to  harmless  limits  under  oxygen  + 
carbon  dioxide  inhalation.  This  speed  of 
elimination  is  contrasted  with  the  much 
slower  elimination  of  carbon  monoxide  which 
occurs  in  patients  left  untreated  or  treated 
with  oxygen  alone. 

The  II-H.  inhaler,  the  apparatus  used  for 
administering  oxygen   +   carbon   dioxide  to 


gassed  victims,  is  next  desci'ibed  and  direc- 
tions for  its  use  given. 

The  article  ends  with  a  report  of  the  results 
of  this  type  of  treatment  on  a  number  of 
patients  poisoned  with  illuminating  gas  in 
New  York  City.  The  author's  conclusions 
with  regard  to  the  proper  treatment  of  illu- 
minating gas  poisoning  are  as  follows: 

1.  Manual  artificial  respiration  by  the 
prone  pressure  method  should  be  employed, 
when  respiration  has  stopped,  to  start  spon- 
taneous breathing.  This  object  may  be  assist- 
ed by  administering  oxygen  -j-  carbon  dioxide 
simultaneously. 

2.  Inhalation  of  oxygen  and  5  per  cent,  car- 
bon dioxide,  by  causing  a  very  full  ventila- 
tion of  the  lungs,  rapidty  eliminates  carbon 
monoxide  from  the  blood  and  thus  terminates 
the  condition  of  asphyxia.  This  treatment  is 
liighly  effective,  inducing  rapid  and  complete 
recovery,  if  applied  early  enough.  It  re- 
quires merely  general  medical  supervision, 
and  may  be  safely  and  efficiently  carried  out 
by  intelligent  luen  of  the  type  composing  the 
emergency  crews  of  a  city  gas  company. 

3.  Until  moi-e  definite  knowledge  has  been 
obtained  regarding  the  conditions  in  the 
lungs,  brain  and  elsewhere,  subsequent  to 
gassing,  and  until  treatment  can  be  based  on 
such  knowledge  and  has  been  tested  experi- 
mentally, it  is  inadvisable  to  apply  any  spe- 
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cifie  treatment  in  post-asphyxial  gassing 
cases.  The  evidence  here  reported  indicates 
that  oxygen  +  carbon  dioxide  inhalation  and 
rapid  elimination  of  carbon  monoxide  greatly 
decreases  the  liability  to  nervous  and  pul- 
monary asphyxial  sequelae. 

The  Hazards  of  Carbon  Monoxide  Poison- 
ing. Yandell  Henderson.  Nation's  Health, 
Oct.  15,  1922,  4,  No.  10,  607-609.— The  health 
hazards  due  to  the  exhaust  fi-om  automobiles 
have  of  late  become  so  frequent  that  they  are 
receiving  very  serious  attention.  The  inves- 
tigation of  this  problem  includes  (1)  a  con- 
sideration of  the  amount  and  chemical  com- 
position of  the  exhaust  gas  produced,  and  (2) 
the  phj'siological  effects  of  the  substances  in 
exhaust  gas  and  the  amounts  which  may  be 
tolerated  without  injury.  It  has  been  shown 
(1)  that  practically  the  only  toxic  constitu- 
ent in  the  exhaust  gas  is  carbon  monoxide; 
and  (2)  that  carbon  monoxide  has  no  other 
toxic  characteristic  than  its  combination  with 
hemoglobin  and  its  consequent  exclusion  of 
oxygen.  The  symptoms  of  carbon  monoxide 
poisoning  of  varying  degrees  of  severity  are 
discussed,  together  with  the  treatment  by 
means  of  the  administration  of  oxygen  with 
an  admixture  of  carbon  dioxide,  which  proved 
far  more  effective  than  straight  oxygen. — L. 
A.  Shaw. 

Automobile  Exhaust  Gas  as  a  Health 
Hazard.  Yandell  Henderson.  Boston  Med.  and 
Surg.  Jour.,  Aug.  3,  1922,  187,  No.  5,  180-183. 
— In  the  treatment  of  carbon  monoxide  pois- 
oning it  is  suggested  that  the  administration 
of  small  amounts  of  carbon  dioxide  in  con- 
junction with  oxygen  inhalations  are  highly 
valuable  if  not  life-saving.  The  object  of  the 
carbon  dioxide  is  to  stimulate  pulmonary 
ventilation.  As  a  subcommittee  of  the  Ameri- 
can Gas  Association  commission  on  resuscita- 
tion from  gas  poisoning,  Henderson  and  Hag- 
gard have  tested  this  method  in  New  York 
City.  The  results  indicate  that  a  deeplj^ 
asphyxiated  patient,  who  can  be  reached  with- 
in a  half-hour — and  the  utmost  speed  at  this 
time  is  essential — and  who  is  then  given  in- 
halations of  oxygen  containing  5  per  cent, 
carbon  dioxide,  can  be  practically  freed  from 
carbon  monoxide  within  thirty  to  forty  min- 
utes. Frequently  consciousness  returns  with- 
in this  time. — B.  Cohen. 


Benzol  Poisoning:  Its  Occurrence  and 
Prevention.  Charles  F.  Horan. — In  an  ad- 
dress before  the  National  Safety  Council  in 
Detroit  on  August  30,  1922,  Charles  F.  Horan 
gave  an  outline  of  certain  points  of  the 
chemistry,  manufacture,  and  uses  of  benzol; 
a  chronological  account  of  cases  of  poisoning 
reported;  and  a  discussion  of  the  mechanism 
of  benzol  poisoning  and  individual  suscepti- 
bility. 

The  author  concludes  that  benzol  can  be 
and  is  safely  used  in  the  rubber  industry, 
but  that  frequent  and  regular  physical  ex- 
amination of  the  worker  and  adequate  ven- 
tilation for  removal  of  the  fumes  are  essen- 
tial.— Philip  Drinker. 

Tetrachlorethane  Poisoning.  Frois.  Ab- 
stracted from  Bull,  de  lAcad.  d.  med.,  July 
11,  1922,  88,  No.  28,  40,  in  Jour.  Am.  Med. 
Assn.,  Sept.  16,  1922,  79,  No.  12,  1000.— 
Frois  explains  that  artificial  ventilation  stir- 
ring up  the  air  is  not  enough  to  prevent  the 
toxic  action  from  absorption  of  the  fumes 
of  this  solvent.  In  twelve  fatal  cases  re- 
ported in  England  the  liver  and  kidneys  suf- 
fered most  and  the  blood  did  not  show  any 
alteration.  He  explains  that  the  fumes  are 
heavy,  and  the  best  means  for  prophylaxis 
is  to  draw  them  down  and  out  with  an  ex- 
haust ventilator.  By  this  arrangement  the 
manufacture  of  artificial  pearls,  for  instance, 
can  be  carried  on  without  danger  of  serious 
harm.— K.  R.  Drinker. 

Constructive  Industrial  Hygiene  in  the 
Indiarubber  Industry.  C.  A.  Klein.  Jour. 
Soc.  Chem.  Indust.,  Aug.  15,  1922,  41,  No.  15, 
325R-328R. — This  article  contains  a  critical 
review  of  recent  British  legislation  which 
became  effective  May  1,  1922.  This  governs 
vulcanization  and  treatment  of  rubber  in- 
volving the  use  of  toxic  volatile  solvents  such 
as  benzol,  and  compounding  processes  in 
which  lead  or  lead  compounds  are  used.  The 
author  shows  that  there  has  been  a  decrease 
in  the  number  of  eases  of  poisoning  in  spite 
of  the  greatly  increased  use  of  these  sub- 
stances. This  decrease  is  due  to  the  enforce- 
ment of  ventilation  rules  whereby  the  toxic 
vapors  ai-e  drawn  off  by  fans,  and  lead  dusts 
are  removed  in  a  somewhat  similar  manner. 
Mention  is  made  of  the  use  of  a  mixture  of 
eighty  parts  of  lead  compounded  with  twenty 
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parts  of  pure  rubber.  This  mixture  is  homo- 
geneous, is  sold  in  sheet  form,  is  read}'  for 
direct  incorporation  with  the  other  ingredi- 
ents on  the  rolls,  and  offers  the  hygienic  ad- 
vantage of  causing  no  dust. — Philip  Drinker. 

Report  of  Health  Hazards  Committee 
ON  Dangerous  M.vterials  Comjion  to  the 
Rubber  Industry.  Charles  F.  Horan. — -In 
a  report  presented  at  the  meeting  of  the 
National  Safety  Cguncil  in  Detroit  on 
August  30,  1922,  dangerous  materials  listed 
were :  aniline,  antimony,  benzine,  benzol,  car- 
bon disulphide,  carbon  tetrachloride,  hexa- 
methylenetetramine,  lead,  para-nitrosodi- 
methylaniline,  para-phenylenediamine.  sul- 
phur chloride,  and  thiocarbonilide.  Under 
each  substance,  to  an  extent  varying  with 
the  importance  of  the  substance  in  the  rub- 
ber industry  and  with  the  known  toxicologi- 
cal  facts,  were  given  facts  regarding  dangers, 
symptoms,  severe  cases,  subacute  and  chronic 
poisoning,  mea.sures  of  relief,  and  preven- 
tion.— Philip  Drinker. 

CALCiu.At  Nitride  Poisoning.  E.  Hesse. 
Abstracted  as  follows  from  Med.  Klin.,  April 
9,  1922,  IS,  No.  15,  461,  in  Jour.  Am.  Med. 
Assn.,  June  17,  1922,  78,  No.  24,  1935.— Hesse 
reports  experimental  research  with  calcium 
nitride  which  is  being  used  more  and  more 
extensively  as  a  fertilizer.  It  is  liable  to 
cause  a  dermatitis,  to  injure  the  respiratory 
apparatus  and  to  induce  an  affection  re- 
sembling the  hyperemia  of  amyl  nitrite,  plus 
malaise  and  acceleration  of  the  pulse.  The 
attack  lasts  only  a  few  hours  and  leaves  no 
traces.  Its  special  feature  is  that  it  develops 
only  when  alcohol  is  taken,  and  the  attack 
can  be  brought  on  by  giving  the  essential 
element  of  the  calcium  nitride,  eyanamide, 
with  alcohol.  No  antidote  is  known.  Pro- 
phylaxis is  the  main  thing  in  factories,  good 
ventilation,  keeping  down  the  dust  by  adding 
oil,  and  i)roteeting  with  a  mask  against  in- 
halation, but,  above  all,  by  refraining  from 
alcohol. — K.  H.  Drinker. 

Tab  Cancer.  JI.  Jordan.  Abstracted  as 
follows  from  Ztschr.  f.  Krebsforsch.,  Aug.  10, 
1922,  19,  No.  1,  39,  in  Jour.  Am.  Med.  Assn., 
Oct.  14,  1922,  79,  No.  16,  1373.— Jordan  com- 


ments on  Ihe  fact  that  the  mechanical  injury 
from  coal  dust  does  not  induce  cancer  while 
there  is  no  mechanical  injury  from  coal  tar, 
with  which  cancer  is  common,  as  also  with 
soot.  He  reports  that  coal  tar  induced 
cancroids  in  four  months  in  100  per  cent, 
of  the  white  mice  he  treated  with  it.  The 
residue  of  the  tar  after  distillation  induced 
production  of  the  precancerous  condition  in 
half  the  time  required  for  the  whole  tar. 

The  Detection  of  Sm.all  Amounts  of 
Lead  in  the  Urine.  0.  Schumm.  Abstracted 
from  Ztschr.  f.  physiol.  Chem.,  1922,  Vol. 
118,  189,  in  Med.  Science,  Aug.,  1922.  6,  No. 
5,  431. — The  applicability  of  several  methods 
for  the  detection  of  .small  amounts  of  lead 
in  the  urine  in  cases  of  lead  poisoning  is 
examined.  The  author  finds  the  most  satis- 
factory method  to  be  that  of  Meillere,  modi- 
fied as  follows :  15  c.c.  of  25  per  cent,  hydro- 
chloric acid  and  0.4  gm.  of  copper  sulphate 
are  added  to  lyo  liters  of  urine.  Hydrogen 
sulphide  is  then  passed  through  the  liquid, 
first  at  ordinary  temperature  and  then  at 
about  40° -50°  C.  The  precipitate  is  collected, 
extracted  with  nitric  acid,  and  the  extract 
electrolyzed  at  a  tension  of  about  4  volts  and 
a  current  strength  of  0.5  amperes.  An  elec- 
trolytic separation  of  the  copper  and  lead 
occurs,  the  latter  metal  depositing  on  the 
anode,  an  extract  of  which  will  give  typical 
reactions  of  lead.  The  method  serves  to  de- 
tect amounts  of  the  order  of  0.1  mg.  of  lead 
per  Uter. — M.  C.  Shorley. 

Lead  Poisoning.  Wade  Wright.  Boston 
Med.  and  Surg.  Jour.,  Aug.  31,  1922,  187, 
No.  9,  328-331. — Some  statistics  are  given, 
from  the  Industrial  Clinic  of  the  Massachu- 
setts General  Hospital.  Nearly  2  per  cent, 
of  all  patients  admitted  to  the  outpatient 
dejiartment  were  employed  at  woi'k  which 
exposed  them  to  lead.  Of  this  exposed  group, 
about  10  per  cent,  presented  evidences  of 
industrial  lead  poisoning.  Seven  per  cent, 
of  a  large  group  of  recently  recorded  lead 
cases  were  of  non-industrial  origin. 

In  the  discussion  of  this  paper.  Dr.  John 
Key  has  taken  up  the  pathologj'  of  lead  poi- 
soning and  particularly  of  stippling  in  the 
blood. — J.  C.  Aub. 
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GouTP  AND  Lead  Poisoninu.  A.  M.  Brog- 
sitter  and  H.  Wodnrz.  Abstracted  as  fol- 
lows from  Arch.  f.  klin.  Med.,  May  5,  1922, 
139,  No.  3-4,  129,  in  Joxir.  Am.  Med.  Assn., 
July  8,  1922,  79,  No.  2,  169.— In  the  eight 
cases  of  chronic  lead  poisoning  and  six  of 
gont  described  here,  there  was  nothing  in 
the  history  to  indicate  that  there  had  ever 
been  an  acute  hemorrhagic  nephritis,  so  the 
necropsy  findings  can  be  ascribed  to  the  lead 
or  the  gout.  Deposits  of  urates  were  found 
in  only  two  cases,  but  the  blood  vessels 
showed  pronounced  changes  in  both  the  lead 
and  the  gout  cases,  as  also  the  glomeruli;  the 
findings  in  the  tubuli  differed  materially. 

Encephalopatht  with  Ocular  Compli- 
cations PEOBABiiY  Due  to  Lead  Poisoning. 
Albert  C.  Sautter.  Am.  Jour.  Ophth.,  June, 
1922,  5,  No.  6,  468-470.— This  is  the  report 
of  a  case  of  probable  lead  encephalopathy. 
The  diagnosis  was  based  largely  upon  occu- 
pation, stippling  in  the  blood,  and  mental 
symptoms  of  headache,  diplopia,  and  drowsi- 
ness with  rare  convulsions.  There  was  no 
lead  line,  and  no  lead  was  found  in  the  urine. 

The  eye  examination  at  first  showed  a  low 
degree  of  neuroretinitis.     Later  examination 


revealed  that  this  became  more  marked,  with 
manj'  hemorrhages  and  exudations.  AVithin 
six  weeks  this  action  subsided  and  the  fun- 
dus became  essentially  normal.  A  transitory 
paresis  of  the  right  external  rectus  muscle 
and  contraction  of  the  visual  fields  also  oc- 
curred. 

As  collected  statistics  demonstrate,  eye 
symptoms  due  to  lead  poisoning  are  rela- 
tively very  infrequent. — J.  C.  Aub. 

Regulation  on  the  Use  of  "White  LeaD> 
Jour.  Am.  Med.  Assn.,  Sept.  16,  1922,  79,  No. 
12,  976.  —  The  government  of  Tunis  has 
informed  the  International  Labor  Office 
(League  of  Nations)  of  a  recent  decree  regu- 
lating the  use  of  white  lead.  This  decree 
prohibits,  after  one  year  from  the  date  of 
promulgation,  the  use  of  white  lead,  in  both 
the  external  and  the  internal  painting  of 
buildings.  White  lead  may  not  be  used  in 
other  operations  except  in  the  form  of  paste. 
Hand  work  is  forbidden,  as  well  as  dry 
scraping  and  dry  rubbing  down,  and  in  all 
painting  operations  in  which  white  lead  is 
used  the  workers  must  be  provided  with  clean 
overalls.  Violations  of  this  order  will  be 
subject  to  penalties. — K.  R.  Drinker. 


DUST  HAZARDS  AND  THEIR  EFFECTS 


A  New  Instkujient  for  Sampling  Aerial 
Dust.  L.  Greenburg  and  G.  W.  Smith.  U.  S, 
Bur.  Mines,  Rep.  Investigations,  Ser.  No. 
2392,  Sept.,  1922.— A  two-hole  rubber  stop- 
per is  fitted  into  the  top  of  a  tall,  conical, 
flat-bottomed  precipitating  flask  of  500  c.c. 
capacity.  Into  one  hole  is  fitted  the  exhaust 
leading  to  a  flow  meter  and  suction  ap- 
paratus. A  glass  tube  (5/8  inch  by  9% 
inches)  for  admission  of  the  dusty  air  enters 
the  other  liole  of  the  stopper.  The  bottom  of 
this  inlet  tube  is  flat  and  pierced  by  fifteen 
holes,  each  approximately  0.8  mm.  in  di- 
ameter. By  means  of  three  lugs  the  bottom 
of  the  tube  is  kept  at  a  distance  of  0.8  mm. 
from  the  bottom  of  the  flask. 

Three  hundred  cubic  centimeters  of  water 
are  used  in  the  flasks,  the  sampling  and  sub- 
se(|uent  analyses  being  carried  out  in  much 
the  same  manner  as  in  the  Palmer  apparatus. 

A  brief  table  of  efficiencies  shows  that  this 
apparatus  compares  very  favorably  with  the 


Bureau  of  Mines  sugar-tube  method.  The 
details  are  too  meager,  however,  to  permit 
one  to  form  an  opinion  on  the  practicality 
of  the  apparatus  for  general  use. 

Standard  Method  of  Testing  Dust  Re- 
moval Efficiencies  of  Air  Washers.  0.  W. 
Armspach  and  Margaret  Ingels.  With  a 
New  Method  of  Making  Air  Dust  Determina- 
tions. F.  Paul  Anderson  and  0.  W.  Arms- 
pach. Jour.  Am.  Soc.  Heating  and  Ventilat- 
ing Eng.,  July,  1922,  28,  No.  5,  533-544.— 
The  authors  give  examples  to  show  errors 
caused  by  counting  dust  particles  by  the 
usual  method  with  the  Sedgwick-Rafter 
Counting  Cell.  A  new  apparatus  is  de- 
scribed in  which  air,  at  a  constant  rate  of 
flow,  is  drawn  through  a  cloth  filter  and  the 
pressure  difference,  as  shown  by  a  manom- 
eter, on  the  two  sides  of  the  filter  gives  a 
relative  indication  of  air  dustiness.  Specifi- 
cations and  further  tests  with  this  apparatus 
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on  various  dusts  are  to  form  the  subjects  of 
subsequent  articles. — Philip  Drinker. 

SUMMAET  OF   INVESTIGATIONS  OF  DuST  AND 

VENTUiATiON  IN  Metal  Mines.  D.  Harring- 
ton. U.  S.  Bur.  Mines,  Rep.  Investigations, 
Ser.  No.  2374,  July,  1922.— For  several  years 
the  Bureau  of  Mines  has  studied  dust  and 
ventilation  in  metal  mines  as  affecting  the 
health,  safety,  and  efSeiency  of  underground 
workers.  A  summary  of  the  investigations 
which  have  been  made  is  included  in  this 
report,  together  with  a  bibliography. 

Free  silica  dust  is  considered  the  most 
dangerous  to  health,  and  other  dusts  are 
definitely  known  to  have  harmful  effect ; 
probably  any  finely  divided,  insoluble  dust 
— including  that  of  coal — breathed  in  large 
quantities  foi'  continuous  periods  of  time  by 
underground  workers,  will  ultimately  result 
in  bronchitis,  miners'  asthma,  lead  poisoning, 
or  miners'  consumption,  or  will  predispose 
workers  to  pneumonia  or  tuberculosis. 

Questions  yet  to  be  solved  are  the  follow- 
ing: Why  one  dust  is  more  harmful  than 
another;  why  dust  of  a  certain  chemical  or 
mineralogical  composition  is  harmful  in  one 
mining  locality  and  relatively  harmless  in 
another;  the  best  practical  measures  to  avoid 
the  ill  effects  of  harmful  dusts;  how  best  to 
cause  air  to  circulate  with  maximum  effici- 
ency and  minimum  cost  to  places  where  metal 
miners  work ;  the  quantities  of  air  necessary 
under  varying  conditions;  and  the  physio- 
logical effects  due  to  various  kinds  of  gases, 
degrees  of  air  vitiation,  and  ranges  of  tem- 
perature and  humidity. — M.  C.  Shorley. 

The  Pathology  of  Miners'  Phthisis. 
W.  E.  Gye  and  E.  H.  Kettle.  Lancet,  Oct.  21, 
1922,  203,  No.  5173,  855-856.  — This  article 
throws  further  and  important  light  upon  the 
eft'ect  exerted  upon  living  tissues  by  silica,  a 
subject  which  the  authors  have  already  done 
so  much  to  elucidate.  Two  questions  are 
asked:  (1)  Why  is  silica,  conspicuous  and 
possibly  alone  among  common  dusts,  capable 
of  inducing  extensive  fibrosis?  (2)  How  does 
the  silicotic  fibrosis  aid  the  establishment  of 
tuberculosis? 

Experimental  evidence  is  quoted  in  favor 
of  answering  the  first  question  by  the  reply 
that  silica  causes  fibrosis  by   acting   chemi- 


cally on  the  tissues  and  not  in  virtue  of  its 
physical  properties;  and  of  answering  the 
second  that  silica  dust  and  the  tubercle 
bacillus,  when  concentrated  in  small  foei,  act 
together  as  irritants  and  set  in  motion  a 
series  of  reactions  on  the  part  of  the  lung 
which  neither  alone  is  capable  of  initiating. 
The  authors  have  shown  that  (a)  colloidal 
silica  is  a  cell  poison;  (h)  colloidal  siUca  is 
the  most  easily  formed  of  silica  soluble  forms, 
the  circulation  of  silica  in  nature  depending 
upon  this;  and  (c)  living  material  (soil  bac- 
teria) is  able  to  break  up  mineral  silicates 
with  formations  of  soluble  silica. 

Injections  of  soluble  silica  or  silica  dust 
in  the  tissues  of  animals  cause  the  formation 
of  fibrosis ;  the  only  obvious  difference  is  that 
the  reaction  is  more  rapid  and  more  transient 
with  colloidal  silica.  These  findings  support 
the  view  that  SiO,  becomes  soluble  by  hydra- 
tion in  the  tissues.  On  account  of  their  high 
degree  of  natural  immunity  to  tuberculosis, 
mice  were  used  for  experimental  purposes. 
When  silica  was  introduced  along  with  tu- 
bercle baciin,  the  silica  caused  a  necrotic 
coagulum  in  the  tissues  in  which  the  bacilli 
proliferated  abundantly.  In  other  words, 
the  silica  broke  down  locallj''  the  immunity 
against  tubercle.  Soluble  silica  circulating 
in  the  blood  stream  was  not  found  to  in- 
fluence materiallj'  a  generalized  tuberculosis, 
neither  hastening  nor  retarding  its  progress. 
Apparently  the  growth  of  tubercle  bacilli  is 
promoted  only  where  the  poison  is  sufficiently 
concentrated  to-  form  local  areas  of  tissue 
destruction. 

The  pathological  explanation  put  forward 
of  tuberculous  silicosis  in  miners  is  that  silica 
dust  when  inhaled  exerts  a  destructive  action 
on  pulmonarj'  cells  whereby  foci  of  necrosis 
are  produced  in  which  tubercle  bacilli  can 
multiply,  while  disorganization  of  the  lym- 
phatic drainage  of  the  lung  contributes  to 
the  process. — E.  L.  CoUis. 

The  Problem  of  Dust  Phthisis  in  the 
Granite-Stone  Industry.  Frederick  L. 
Hoffman.  U.  S.  Dept.  Labor,  Bur.  Lab.»r 
Statis.,  Bull.  No.  293,  May,  1922,  pp.  178.— 
For  the  present  purpose  the  results  here  pre- 
sented are  largely  limited  to  the  statistical 
aspects  of  the  problem,  though  equally  ur- 
gent is  a  comprehensive  descriptive  account 
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of  shop  conditions  and  processes  of  manufac- 
ture bearing  directly  upon  health  hazards. 
The  results,  in  a  general  way,  may  be  sum- 
marizea  as  follows: 

1.  The  granite-stone  industry  is  carried 
on  by  wage  earners  who,  broadly  speaking, 
live  under  sanitary  conditions  above  the  av- 
erage, so  that  possibly  unfavorable  environ- 
mental factors  are  of  decidedly  secondary 
importance. 

2.  The  housing  conditions  under  which 
granite  workers  live  are  also  above  the  aver- 
age, so  that  in  this  respect  the  environmental 
factors  are  favorable  to  a  low  mortality 
rather  than  otherwise. 

3.  Anthropometric  records  clearly  estab- 
lish the  fact  of  a  superior  physique,  indica- 
tive of  a  higher  degree  of  disease  resistance, 
as  determined  by  a  relative  weight  above  the 
average.  From  this  point  of  view,  therefore, 
granite  workers  should  experience  a  rela- 
tively low  mortality  from  pulmonary  tu- 
berculosis instead  of  a  mortality  decidedly 
above  the  average  normal  to  industrial  occu- 
pations. 

4.  Granite  workers,  considered  by  specific 
occupations,  show  wide  variations  in  tubercu- 
losis frequency,  the  excess  in  the  death  rate 
being  most  marked  among  the  men  employed 
in  granite-stone  cutting,  it  being  especially 
severe  among  the  men  employed  in  the  use 
of  pneumatic  tools.  Certain  occupations,  such 
as  polishing,  tool  sharpening,  bed  setting, 
etc.,  do  not  show  a  marked  excess,  if  any,  in 
the  mortality  from  pulmonary  tuberculosis, 
clearly  indicating  that  the  risk  is  practically 
propoi'tionate  to  dust  exposure. 

5.  Compared  with  the  normal  death  rate 
of  adult  males  of  the  State  of  Vermont,  or  of 
New  England,  the  mortality  from  pulmonary 
tuberculosis  among  granite-stone  workers  has 
increased  enormously  during  the  last  two 
years,  as  contrasted  with  a  diminishing  mor- 
tality in  the  population  at  large. 

The  same  conclusion  applies  to  non-tu- 
berculous respiratory  diseases,  for  it  is  shown 
that  the  mortality  from  bronchitis,  pneu- 
monia, and  asthma  is  also  on  the  increase 
among  granite  cutters,  in  contrast  with  a 
diminishing  rate  of  frequency  among  adult 
males  of  the  general  population. 

While  normally  the  rate  of  tuberculosis 
frequency  diminishes  with  increasing  adult 


age,  the  conti-ary  is  shown  to  be  the  fact  as 
to  granite  cutters,  among  whom  the  death 
rate  from  pulmonary  tuberculosis  at  ages  60 
and  over  reaches  truly  appalling  proportions, 
so  much  so  that  the  statistical  evidence  would 
seem  incredible  if  it  were  not  supported  by 
the  additional  and  equallj'  suggestive  data 
for  non-tuberculous  respiratory  diseases. 

6.  The  investigation  brings  out  clearly 
the  supremely  important  fact  that  the  inci- 
dence of  the  disease  is  practically  proportion- 
ate to  the  length  of  the  trade  life.  In  other 
words,  the  effect  of  dust  inhalation  is  one  of 
growing  seriousness,  according  to  the  rate  of 
dust  accumulation  in  the  lungs. 

These  conclusions  are  in  conformity  to  the 
observations  made  in  South  Africa  and  Aus- 
tralia, clearly  indicating  that  the  cause  of 
the  excessive  liability  to  pulmonary  tubercu- 
losis is  the  inhalation  of  granite  dust  in  a 
comminuted  form  of  practically  ultramicro- 
scopical  particles. 

7.  The  nature  of  the  dust  inhaled  also 
requires  much  more  extended  scientific  con- 
sideration. For  the  present  purpose,  how- 
ever, it  is  sufficient  to  state  that  the  average 
silicotic  content  of  granite  is  72.96  per  cent. ; 
of  sandstone,  85.42  per  cent. ;  and  of  lime- 
stone, 1.22  per  cent. 

The  evidence  is  absolutely  conclusive  that 
the  dust  hazard  depends  primarily  upon  the 
silicotic  content  of  the  dust  inhaled.  The 
evidence  is  also  conclusive  that  workers  ex- 
posed to  marble  or  limestone  dust  suffer  a 
decidedly  lesser  liability  to  pulmonary  tu- 
berculosis than  those  exposed  to  granite  or 
sandstone  dust,  with  a  high  silicotic  content. 
For  the  present  purpose  it  may  be  sufficient 
to  saj'  that  radiological  examinations  have 
been  of  the  utmost  value  in  determining  the 
progress  of  dust  infiltration  throughout  the 
lungs  and  in  clearly  indicating  the  extent  of 
stone  consolidation  to  the  point  of  fatality. 
If  the  so-called  pulmonai-y  tuberculosis 
among  granite-stone  cutters  is  not  a  true 
tuberculosis  and  therefore  not  infectious, 
some  evidence  should  be  forthcoming  from 
the  family  records  of  deceased  stone  workers 
to  substantiate  this  point  of  view. 

8.  The  present  investigation  includes  the 
question  of  previous  occupation  and  many 
related  aspects  which  do  not  admit  of  a 
brief  generalization,  such  as  hours  of  work, 
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dust  removal,  and  length  of  vacation. 

At  the  present  time  the  death  rate  among 
granite  workers  is  practically  the  highest 
known  for  any  occupation  on  record,  and  the 
increase  in  the  death  rate  from  year  to  year 
is  lamentable  evidence  of  inefficiency  on  the 
part  of  health-promoting  agencies  to  bring 
about  reduction  and  control. — 'M.  C.  Shorley. 

A  Conception  of  the  Chest  Roentgen- 
Kay    Densities    Based    on    a    Study    of 
Granite  Dust  Inhalation.     D.   C.   Jarvis. 
Abstracted  as  follows  from  Am.  Jour.  Roent- 
genol.,  April,    1922,   9.   No.   4,   226,   in   Am. 
Rev.  Tuberc,  Sept.,  1922,  6,  No.  7,  192-193. 
— Roentgenographic     studies     proved     that. 
given  the  same  number  of  years  of  exposure 
to  granite  dust  inhalation  a  cutter  with  the 
minimum  amount  of  lymphoid  tissue  in  the 
upper  respiratory  tract  showed  a  minimum 
number   of   densities  on  the  roentgenogram, 
while  a  cutter  giving  evidence  of  considerable 
lymphoid    tissue    in    the    upper    respiratory 
tract   showed  in  proportion  many  densities 
upon  the  film.     It  seems,  therefore,  that  the 
lung    and    pleural    lymphatics    are    brought 
into    prominence    in    this    condition.      Serial 
roentgenograms  disclosed  the  fact  that  it  was 
possible,  in  order   of   their  sequence,   to   di- 
^dde  the  development  of  the   densities  upon 
the  chest  roentgenograms  into  six  stages,  as 
follows:    Stage  I,  that  of  the  hilum:   If  the 
hilum   retains    its   crescentic    form,    without 
central  enlargement,  it  is  to  be  assumed  that 
exogenous  chemical  or  bacterial  invasion  has 
been  near  the  minimum.    If  there  are  central 
enlargement  and  an  increase  in  extent  and 
density  of  the  hilum,  it  is  concluded  that  the 
patient  has  been  in  an  unfavorable  respira- 
tory    environment,     inhaling     bacterial     or 
chemical    irritants    in    large    amounts    for    a 
short  period  or  in  small  amounts  for  a  long 
period.  The  periphery  of  the  hilum  may  show 
what  region  of  the  lung  has  been  most  af- 
fected   and    hilum    changes    follow    fairly 
closely  the  lung  changes,  clearing  away  when 
dust  inhalation  stops  and  reappearing  when 
it  is  resumed.    When  certain  pleural  densities 
appear,  the   hilum   changes  regress;  this  is 
possibly  explained  by  a  disappearance  of  the 
lymph  stasis  when  drainage  from  the  peri- 
phery is  cut  off.    Just  external  to  the  hilum 
and  accompanying  progressive  change  in  the 


latter,   circular   densities   develop;   they   dis- 
appear when  absence  from  work  occurs  and 
reappear  when  granite  dust  is  again  inhaled. 
These  have  usually  been  considered  diseased 
lymph  nodes,  but  it  is  concluded  that  they 
are  really  valves  in  the  pleural  lymphatics 
which  arrest  the  irritating  matei'ial  coming- 
from  the  lung  periphery,  until  the  accumula- 
tion in  the  hilum  can  be  moved  on.    Stage  II,. 
that  of  linear  densities:     This  is  separated 
into  three  divisions.     The  first  di-^dsion  con- 
sists of  the  broad  densities  in  the  hilum  zone, 
most    noticeable    in    the    descending    trunks. 
These  widened  linear  shadows  come  and  go 
in  granite  cutters  and  seem  to  be  caused  by 
lymph   stasis.      The  second   division   consists, 
of  linear  densities  appearing  mostly  in  the 
midzone    of    the    lung   field ;    they    represent, 
septa  existing  between  the  lobules  of  the  lung. 
Tlie  third  division  consists  of  a  netwoi'k  of 
thread-like  markings  in  the  peripheral  zone 
and  a  portion  of  the  midzone  of  the  lung; 
they  are  the  last  phase  of  the  linear  markings, 
to  appear  and  are  the  forerunner  of  "thick- 
ened pleura."     Thej-  coincide  with  the  poly- 
hedral    pleural     rings      and     overlie     the 
interlobular  septa  markings.     Stage  III.  that 
of  circular  densHies,  and  stage  IV,  that  of 
Dunham's  fans:     Circular   densities  appear 
at  the  junction  and  also  on  the  polyhedral 
rings.    At  first  a  fan-shaped  area  is  outlined 
by    the    interlobar    septa;    then    a    circular 
density  appears  at  the  apex  of  this  area,  the 
size   of   the    density    depending   on    the   be- 
havior of  densities  peripheral  to  it  when  they 
occur.     Fine   linear   markings   then   appear 
within    the    fan-shaped    area    and    circular 
densities  appear  upon  the  interlobular  septa 
acting    as    sides    of    the    fan-shaped    area. 
Circular   densities    develop    upon    the   linear 
markings  within  this  area   and  finally  it  is- 
obscured  by  a  diffuse  cloudiness.     The  circu- 
lar areas  are  on  the  course  of  lymphatics  that 
are  choked  with  dust  and  developed  only  as 
the  process  progressed.    Stage  V,  that  of  the 
peripheral  haze:    This  appears  at  the  lung 
l^eriphery  following  the  development  of  all 
the  linear  markings  and  it  is  a  forerunner 
of   "pleural   thickening."      It   extends   from 
the   clavicle   downward.     Stage    VI,   that   of 
the  })leural  liimph  stasis:   This  is  represented 
by   a   thick  haze,   developing  over  the   lung, 
and  di'iu'tids  on   tlic  extent   of   lyiiipli   stasis 


ABSTRACTS 


167 


in  the  pleura.  X-ray  studies  indicate  that 
we  do  not  have  only  one  infection  by  the 
tubercle  bacillus  and  this  occurring  in  child- 
hood, but  that  we  have  innumerable  infec- 
tions all  through  life,  and  that  the  occurrence 
of  a  lesion  depends  in  part  upon  the  efficiency 
of  the  lymphatics  which  act  as  the  first  line 


of  defense  in  event  of  an  irritant,  either  me- 
chanical, bacterial  or  chemical,  entering  the 
lungs  by  way  of  inhalation.  At  least  twice 
a  year  a  worker  in  a  dusty  trade,  of  which 
there  are  200  in  this  country,  should  have  an 
X-ray  chest  examination  to  determine  the 
likelihood  of  subsequent  respiratory  disease. 


OCCUPATIONAL  INFECTIOUS  DISEASES:    OCCURRENCE, 
TREATMENT  AND  PREVENTION 


Some  Industrial  Phases  op  Tuberculosis. 
Frank  A.  Craig.  Nation's  Health,  Aug.  15, 
1922,  4,  No.  S,  491-494.— There  is  no  more 
important  part  of  the  problem  of  tubercu- 
losis that  that  which  deals  with  the  relation- 
ship between  this  disease  and  the  industrial 
worker  and  his  environment.  The  industrial 
group  is  highly  important,  and  it  is  exposed 
to  certain  risks  and  factors  peculiar  to  fac- 
tory life  and  not  reached  by  any  measures 
directed  toward  the  prevention  of  the  dis- 
ease in  the  general  public. 

The  foremost  need  is  for  reliable  informa- 
tion concerning  the  incidence  of  tubercu- 
losis in  industries,  and  in  the  occupations 
involved  in  them.  Reports  published  are 
now  lacking  in  uniformity  and  are  so  vari- 
able as  to  standards  regarding  defects  that 
they  are  of  little  value  for  statistical  pur- 
poses. 

Some  general  principles  may  be  applied  to 
the  problem  of  tuberculosis  as  it  affects  the 
industrial  worker.  A  vigorous  educational 
campaign  is  the  first  requirement.  There 
must  also  be  early  detection  of  the  disease— 
the  preservation  of  the  working  capacity  of 
the  individual  is  almost  absolutely  dependent 
upon  it.  This  fact  is  shown  by  the  chart 
recently  published  by  the  Prudential  Insur- 
ance Company  of  America  based  on  a  study 
of  65,000  cases,  showing  the  results  of  treat- 
m.ent  in  sanatoria  in  cases  with  varying  de- 
grees of  involvement. 

The  entrance  examination  is  not  sufficient, 
but  should  be  combined  with  periodic  health 
examinations  of  the  entire  working  force  at 
intervals  that  cannot  be  declared  at  present, 
though  it  seems  as  if  examinations  would  be 
most  effective  in  any  general  plant  if  eon- 
ducted  annually. 

The  rejection  of  the  unfit  and  of  dangerous 
cases    is   by    no    means   the    most    important 


function  of  the  entrance  examination.  Many 
men  will  be  found  who  are  below  normal, 
possiblj-  suffering  from  defects  that  cannot 
be  corrected  but  that  will  not  seriously  in- 
terfere with  working  capacity  if  the  men  are 
suitably  placed.  Among  such  are  cases  with 
signs  of  slight  contraction  or  fibroid  change 
at  one  apex,  or  both,  of  the  lungs.  Selection 
of  work  for  these  men  requires  the  greatest 
care  and  judgment  on  the  part  of  the  ex- 
aminer. Probably  thf  large  majority  of 
these  men  may  perform  work  of  a  proper 
kind  under  suitable  conditions  with  perfect 
safety,  but  they  should  not  be  assigned  to 
any  position  that  would  expose  them  to  dust, 
dampness,  poor  ventilation,  or  great  variation 
in  temperature ;  and  they  should  not  be  al- 
lowed to  do  heavy  manual  labor.  Competence 
in  making  diagnosis  is  highlj'  important  in 
this  work,  but,  contrary  to  the  general  be- 
lief, this  does  not  necessarily  mean  that  every 
examining  physician  should  be  what  is  gen- 
erally termed  a  tuberculosis  expert.  More 
cases  of  tuberculosis  remain  unrecognized 
because  of  lack  of  care  and  thoroughness  in 
the  examination  than  are  missed  because  of 
ignorance  or  inexperience.— G.  E.  Partridge. 

Gonorrhea  and  Syphilis  in  Industry. 
William  F.  Snow.  Nation's  Health,  Aug.  15, 
1922,  4,  No.  8,  495-496.— Before  the  war  the 
American  health  officer  almost  entirely  ig- 
nored venereal  diseases,  but  today  there 
exists  a  reasonable  practical  organized  de- 
fence against  them.  In  this  work  there  are 
four  major  activities :  education ;  law  en- 
forcement ,  medical  measures ;  and  recrea- 
tional facilities. 

Both  gonorrhea  and  syphilis  are  important 
from  the  standpoint  of  the  industrial  em- 
ployer. They  involve  loss  of  time,  morbidity, 
worry  on  the   part  of  workers;    their    com- 
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municability,  too,  is  a  consideration.  The 
result  is  undoubtedly  felt  in  plant  costs  and 
producvion  rates.  Kprluced  production  mav 
result  from  itiuseular  inco-ordination  during 
earlj'  strges  of  tabes,  ocular  manifestations 
of  syphilis,  bladder  trouble,  early  cardiovas- 
cular sjTuptoms,  bone  and  nerve  involvement 
Latent  syphilitic  infection  may  play  an  im- 
portant part  m  the  immediate  and  late  con- 
sequences of  trauma,  while  from  the  late 
disabling  manifestations  of  syphilis  the  em- 
ployer sustains  the  greatest  losses  of  all. 

It  has  been  shown  that  if  a  syphilitic  work- 
man sustains,  under  certain  circumstances, 
an  injury  which  causes  an  aneurism  or 
paresis  or  any  of  the  possible  results  of 
traumatizing  syphilized  tissue,  he  is  entitled 
to  compensation  provided  it  can  be  proved 
that  injury  arose  in  the  course  of  and 
through  employment.  The  preexistence  of 
syphilis  does  not  lighten  the  responsibilitj' 
of  the  employer.  There  is  hardly  a  phase  of 
plant  management,  therefore,  that  may  not 
be  aJTected  by  the  presence  of  unrecognized 
or  uncared  for  venereal  disease. 

The  means  open  to  the  employer  for  con- 
trolling  this   loss    are   early    recognition   of  . 
cases  and  careful  and  thorough  diagnosis  and 
conscientious   treatment.     It   seems   feasible 


to  approach  the  problem  through  the  physi- 
cal examination  for  employment  or  through 
the  periodic  examination,  but  the  routine  ex- 
amination for  the  recognition  of  syphilis,  etc., 
does  not  seem  practicable.  Greater  special 
observation  in  the  regular  observation  may 
be  resorted  to.  The  medical  department  of 
an  industrial  organization  should  not  neces- 
sarily pro^^de  for  the  diagnosis  and  treat- 
ment of  venereal  diseases,  unless  there  are 
no  other  facilities  available.  Industry  is, 
however,  reasonably  interested  in  the  bet- 
terment of  community  medical  service,  and 
for  industrial  organizations  that  largely  make 
up  the  community  it  maj'  even  be  profitable 
to  finance  entirely  the  community's  attack 
on  gonorrhea  and  sj^philis. — G.  E.  Partridge. 


Human  Anthrax  and  Aesphkn-Imin.  A. 
H.  Louw  and  A.  Pijper.  Abstracted  from 
So.  African  j\led.  Rec,  July  22,  1922,  20,  No. 
14,  273,  in  Jour.  Am.  Med.  Assn.,  Sept.  16, 
1922,  79,  No.  12,  999.— The  treatment  of 
human  anthrax  by  means  of  intravenous 
injections  of  arsphenamine  or  its  substitutes 
has  been  employed  by  Louw  and  Pijper  in 
eleven  cases.  All  the  patients  made  a  very 
speedy  reeoverj'. — K.  R.  Drinker. 


OCCUPATIONAL   AFFECTIONS    OF  THE  SKIN  AND  SPECIAL  SENSES 


Formaldehyde  Eczema  from  Paste. 
Chajes.  Zentralbl.  f.  Gewerbehyg.,  May, 
1922, 10,  No.  5,  136-138.— Thirteen  workers  in 
a  papier-mache  plant,  who  handled  paste  all 
day,  suffered  from  acute  and  beginning 
chronic  eczema  on  the  hands  and  arms.  This 
yielded  readilj-  to  treatment  when  the  paste 
was  changed  so  that  formaldehj'de  was  no 
longer  used  to  preserve  the  starch  in  the 
paste.  Excess  sodium  chloride  was  substi- 
tuted and  the  men  returned  to  work  without 
trouble.  The  formaldehyde  was  less  than 
0.5  per  cent,  in  the  fresh  paste  used. 

Industrial  Ophthalmology.  A  Survey 
OP  Twenty-Five  Thousand  Cases.  V.  E. 
Tan  Kirk.  Jour.  Am.  Med.  Assn.,  Sept.  16, 
1922,  79,  No.  12,  951-954.— The  series  of  cases 
upon  which  this  survey  is  based  comes  from 
a    steel    mill    employing    about    8,000    men. 


Severe  injuries  to  the  eyes  have  been  greatly 
reduced  during  the  past  twelve  years  by 
educating  the  employees,  and  by  the  com- 
pulsory use  of  goggles  and  other  safety 
devices.  By  far  the  greater  number  of  the 
cases  are  minor  injuries,  the  majority  from 
foreign  bodies.  All  eye  cases  are  seen  by  t^e 
company  ophthalmologist  who  Aasits  the  first- 
aid  station  at  a  definite  time  eveiy  day. 
When  a  foreign  body  cannot  be  removed  with 
a  cotton  swab  bj''  the  physician  or  nurse  on 
duty,  the  patient  is  made  comfortable  by 
instillation  of  phenaeain  or  butyn  solution, 
mercuric  chloride  ointment  and  a  patch.  The 
patient  is  then  allowed  to  return  to  work 
until  the  next  visit  of  the  ophthalmologist, 
when  the  foreign  body  is  removed  and  the 
necessary  treatment  instituted.  Careful  fol- 
low-up work  is  an  important  factor  in  elimi- 
nating the  occurrence  of  corneal  ulcers,  and 
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in  reducing  to  a  minimum  the  amount  of  lost 
time. 

The  author  next  refers  briefly  to  the  oc- 
currence of  intra-ocular  foreign  bodies  and 
of  eye  burns,  to  the  treatment  of  corneal 
opacities  and  of  cases  of  exposure  to  electric 
flashes,  and  to  the  occurrence  of  trachoma 
among  his  workers. 

The  paper  ends  with  the  suggestion  that 
the  next  step  in  industrial  ophthalmology 
will  be  the  refraction  of  all  employees  and 
the  correction  of  defects — a  procedure  which 
will  be  more  than  paid  for  by  the  increased 
efficiency  of  the  men. — K.  R.  Drinker. 

Industrial  Diseases  of  the  Eye.  H. 
Dickinson.  Am.  Jour.  Ophth.,  Aug.,  1922, 
5,  No.  8,  674-676. — At  a  recent  Congress  of 
the  Ophthalmological  Society  of  the  United 
Kingdom,  the  following  industrial  diseases 
of  the  eye  were  discussed:  Optic  neuritis 
due  to  lead  poisoning,  accidents,  miners' 
nystagmus  and  glass  blowers'  cataract,  to- 
bacco amblyopia,  anthrax,  visual  fatigue  and 
the  relation  of  industrial  work  to  myopia, 
visual  acuity  and  vocational  selection,  visual 
acuity  as  related  to  accidents,  tin-plate  work- 
ers' cataract,  cataract  among  iron  workers, 
and  posterior  polar  cataract  as  related  to  the 
work  of  gold  smelters  and  assaj^ers. — G.  E. 
Partridge. 

First  Report  of  the  Miner?'  Nystagmus 
Committee.  Med.  Research  Council,  Special 
Report  Series  No.  65,  London,  1922,  pp.  64.— 
The  Miners'  Nystagmus  Committee  which 
has  been  engaged  in  investigating  the  causa- 
tion and  means  of  prevention  of  miners' 
nystagmus,  gives  here  a  detailed  report  of  its 
results. 

A  former  view  of  the  disease,  namelj%  that 
it  is  a  local  myopathy  of  the  elevator  muscles 
of  the  eyes  or  the  result  of  excessive  accom- 
modation, has  been  replaced  by  the  view  that 
it  is  either  a  general  fatigue  of  the  whole 
oculomotor  system  or  a  general  neurosis  with 
sjjecial  local  manifestations  in  the  oculomotor 
apparatus. 

The  report  includes  a  brief  historical  sur- 
vey; a  study  of  the  incidence  of  the  disease 
with  reference  to  economic  factors,  seasonal 
prevalence,  etc. ;  a  description  of  the  disease, 
its  symptoms,  physical  signs,  and  course ; 
etiological  factors;  diagnosis;  prognosis;  and 


treatment.  There  is  a  reference  list  of 
seventy-one  items,  many  maps,  photographs, 
and  diagrams,  and  an  appendix  by  Dr.  W.  H. 
R.  Rivers  on  psychoneurotic  symptoms  asso- 
ciated with  miners'  nystagmus. 

The  committee  unanimously  reached  the 
conclusion  that  the  essential  factor  in  miners' 
nystagmus  is  deficient  illumination.  Other 
factors,  such  as  position,  accidents,  alcohol- 
ism, infections,  malnutrition,  hereditary  pre- 
disposition and  errors  of  refraction  are  of 
secondary  importance,  while  depth  of  work- 
ing places,  thickness  of  seams,  and  the  ordi- 
nary gaseous  impurities  in  mine  air  have 
no  direct  influence  upon  it.  The  deficient 
illumination  is  due  to  the  low  illuminating 
power  of  the  safety  lamps  in  general  use, 
to  the  distance  at  which  the  lamps  must  be 
placed  from  the  work  and  the  great  absorp- 
tion of  light  by  the  coal  and  coal-dust  cov- 
ered surfaces.  Workers  at  the  coal  face  are 
more  affected  than  underground  workers. 

The  main  remedy  is  to  make  all  possible 
effort  to  have  the  standard  of  illumination 
of  the  objects  looked  at  by  the  miner  equal 
to  that  of  an  open-light  pit.  This  can  be 
done  by  greatly  increasing  the  power  of 
safety  lamps,  or  by  the  use  of  an  electric 
light  capable  of  being  fixed  on  a  miner's 
head  belt  or  other  convenient  place,  and  by 
whitewashing  parts  of  the  pit  other  than  the 
coal  face.  To  pi-event  the  occurrence  of 
psychoneurotic  symptoms,  the  erroneous  be- 
lief that  the  disease  causes  permanent  dam- 
age to  sight  and  even  total  blindness  should 
be  dispelled.  The  investigation  of  various 
localities  led  to  the  conclusion  that  the  great 
variations  in  incidence  cannot  be  explained 
unless  the  influence  of  the  attention  paid  to 
the  disease  is  taken  into  account.  Comment 
is  made  on  the  fact  that  in  consequence  of 
scheduling  miners'  nystagmus  in  the  Work- 
men's Compensation  Act  of  1906  the  inci- 
dence of  the  disease  has  been  greatly  in- 
creased, solely  through  action  on  the  psychical 
and  psychoneurotic  aspects  of  the  disorder. — 
G.  E.  Partridge. 

Eye  Symptomatology  in  Occupational 
Diseases.  Donald  J.  Lyle  and  Carey  P. 
McCord.  Nation's  Health,  Oct.  15,  1922,  4, 
No.  10,  613-615.— The  purpose  of  this  paper 
is  to  describe  a  number  of  occupational  affec- 
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tions  of  the  eye  that  do  not  present  the  ordi- 
nary characteristics  of  the  swiftly  produced 
injiii-y ;  that  may  develop  slowly  and  insidi- 
ously, and  therefore  are  not  associated  either 
by  the  worker  or  the  physician  with  the  oc- 
ciTpation  which  may  be  the  producing  cause. 
Occupational  affections  of  the  eye  are  dis- 
cussed under  the  following  heads:  occupa- 
tional affections,  nystagmus,  carbon-monoxide 
poisoning,  ocular  lead  poisoning,  methyl  al- 
cohol, aniline,  and  occupational  cataracts. 

The  Localization  and  Extraction  of 
Intra-Ocular  Foreign  Bodies.  James  M. 
Patfoii.  Jour.  Am.  Med.  Assn.,  Sept.  23, 
1922.  79,  No.  13,  1030-1034.— The  points 
which  the  author  of  this  paper  stresses  are 
as  follows : 

In  any  ease  of  a  penetrating  wound  of  the 
eje,  the  absence  of  a  foreign  body  must  be 
proved. 

If  the  roentgenologist  cannot  localize  ac- 
curately, co-operate'  with  him  experimentally 
until  he  can. 

Discuss  the  prognosis  with  the  patient  or 
a  responsible  relative  before  beginning  the 
operation. 

Choose  the  route  in  accordance  with  the 
needs  of  the  individual  case. 

Do  not  give  up  too  easily.  Success  is  fre- 
quently the  result  of  repeated  efforts. 

Radiography  of  Foreign  Bodies  in  the 
Eye.  Am.  Jour.  Ophth.,  Aug.,  1922,  5,  No. 
8,  677-678. — ^The  foreign  bodies  that  are  usu- 
ally sought  in  the  eye  are  generally  situated 
in  the  anterior  part.  Most  of  the  work  that 
has  been  done  in  locating  such  bodies  has 
been  on  the  assumption  that  the  examination 
must  be  made  with  tubes  and  exposures  that 
will  cause  the  rays  to  penetrate  even  thick 
bony  masses,  whereas  if  a  radiogram  can  be 
obtained  showing  the  soft  parts  as  the  lids, 
lashes,  profile  of  the  cornea,  etc.,  the  foreign 
body  will  give  a  more  distinct  shadow  on  it, 
and  be  better  located.  The  difficulty  in  mak- 
ing the  desired  short  time  exposure  is  in 
placing  the  tube  or  film  wliere  it  can  receive 
the  rays  that  have  passed  through  the  eye- 
ball without  going  through  bony  structures. 
Recenlly  V^ogt  has  described  a  method  of 
thru-sting  the  sensitized  film,  properly 
■wrapped,  into  the  conjunctival  sac  adjoining 


the  nose,  or  in  the  lower  culdesac,  placing 
the  tube  so  that  tJie  rays  will  pass  just  an- 
terior to  the  outer  or  upper  margin  of  the 
orbit ;  thus  obtaining  negatives  of  great  dis- 
tinctness and  delicacy,  showing  the  anterior 
segment  of  the  eyeball  and  any  foreign  body 
that  it  contains. — G.  E.  Partridge. 

Selecting  Proper  Goggles  for  the  Job. 
E.  S.  Chapin.  Nat.  Safety  News,  Sept., 
1922,  6,  No.  3.  39,  44.— The  be.st  information 
on  the  subject  of  proper  selection  of  goggles 
is  contained  in  the  National  Safety  Code  for 
the  Protection  of  the  Heads  and  Eyes  of  In- 
dustrial Workers,  Handbook  No.  2.  issued  by 
the  Bureau  of  Standards  in  "Washington.  In 
it  industrial  processes  are  grouped  according 
to  the  nature  of  the  hazard,  while  the  type 
of  goggles  best  for  each  is  recommended.  In 
general,  when  selecting  goggles  it  is  well  to 
observe  differences  among  the  samples  that 
conform  to  the  code  and  to  give  preference 
to  that  type  which  will  be  most  comfortable 
to  the  wearer.  Results  of  tests  should  be  tab- 
ulated and  distributed  to  storekeepers,  shop 
managers,  and  others  responsible  for  the  or- 
dering and  use  of  goggles.  Particular  atten- 
tion should  be  paid  to  workmen  requiring 
corrective  lenses;  in  these  cases  frames 
should  be  of  the  rigid  bridge  type. 

Several  lines  of  improvement  may  be  sug- 
gested: that  the  weight  of  goggles  be  de- 
creased without  sacrificing  strength;  that 
materials  used  be  less  liable  to  break  or  de- 
teriorate ;  that,  on  unpadded  frames,  surfaces 
bearing  against  the  face  be  made  broad, 
smooth,  and  correct  in  form. 

Speeding  up  Work  with  White  Type- 
writers. Abstracted  from  Eye-Sight  Con- 
servation Council  of  America,  1922,  in  Fac- 
tory, Sept.,  1922,  29,  No.  3,  312,  314.— Un- 
necessary fatigue  is  produced  by  looking  at 
objects  of  different  color  and  of  different 
brightness,  such  as  white  paper  and  a  black 
typewriter.  This  fatigue  is  due  to  the  fact 
that  the  pupil  of  the  ej'e  is  constantly  try- 
ing to  adapt  itself  to  that  part  of  the  retina 
of  the  eye  which  is  uader-stimulated  or  over- 
stimulated  by  black  and  white  objects  viewed 
simultaneously. 

The  white  typewriter  has  been  shown  to  se- 
cure extremely  high  speed  with  the  least  fa- 
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tigue  resulting.  Consequently,  any  worker 
■who  works  continuously  on  a  black  and  white 
object  will  have  the  pupils  of  his  eyes  con- 
tinuously contracting  and  expanding  alter- 
nately with  an  ever-increasing  periodicitj^ 
until  excessive  eye  fatigue  sets  in. 

Determination  op  Disability  as  to  Loss 
OP  Hearing,  and  the  Importance  op  Verti- 
go IN  Industrial  Accident  Cases.  Harold 
A.  Fletcher.  Jour.  Am.  Med.  Assn.,  Aug.  12, 
1922,  79,  No.  7,  529-531.— The  following  con- 
clusions by  the  author  sum  up  the  contents 
■of  this  paper : 

1.  More  thorough  examination,  deeper 
thought  and  more  careful  analysis  of  indus- 
trial injuries  invoMng  the  ears,  and  more 
comprehensive  reports  to  the  insurance  com- 


panies should  he  the  physician's  endeavor. 

2.  It  is  believed  that  the  hearing  can  be 
more  fairly  estimated  by  a  system  of  weights 
proportionate  to  the  value  of  the  tests  for 
hearing. 

3.  The  neurotologic  examination  should 
be  made  of  all  patients  with  head  injuries 
complaining  of  vertigo,  as  the  findings  in 
these  examinations  may  be  the  only  evidence 
by  which  the  neurologist  can  differentiate  the 
traumatic  neurosis  from  those  cases  in  which 
there  are  central  organic  disturbances. 

4.  These  patients  should  be  reexamined 
over  a  period  of  years,  if  possible,  to  deter- 
mine the  relation  of  the  duration  of  the 
symptoms  to  the  duration  of  his  abnormal  re- 
actions.— K.  R.  Drinker. 
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Industrial  Accidents  and  Their  Preven- 
tion. ^4.  Wiese  Hammer.  Nation's  Health, 
Aug.  15,  1922,  4,  No.  8,  497-499.— This  is  a 
-general  article  emphasizing  the  great  excess 
of  industrial  accidents  in  the  United  States 
over  those  in  other  countries,  and  outlining 
the  legal  situation  and  the  ideal  status  of 
compensation  that  would  be  attained  if  the 
public,  the  employer,  and  the  employee  each 
assumed  an  equal  share  of  responsibility,  and 
if  the  present  unassigned  burdens  were  dis- 
tributed properly. — G.  E.  Partridge. 

Up-to-date  Protection  pok  Punch  Press- 
es. C.  B.  Auel.  Nat.  Safety  News,  Sept., 
1922,  6,  No.  3,  33-34.— The  worker  on  contin- 
uous or  repetitive  work  is  usually  readilj' 
protected,  but  when  a  general  purpose  press 
ias  to  be  adapted  to  a  variety  of  work  the 
problem  is  more  complicated.  When  left- 
over material  is  used  on  new  work,  the  prob- 
lem is  still  more  difficult.  The  most  positive 
guard  for  this  kind  of  work  is  perhaps  one 
•which  encloses  the  ram,  lea\'ing  just  sufficient 
space,  not  exceeding  three-eighths  of  an  inch, 
for  the  insertion  and  removal  of  the  mate- 
rial. Many  jobs  do  not  admit  of  a  positive 
guard,  however,  and  resort  must  be  made  to 
other  forms  such  as  hand  tools,  etc.,  for  han- 
dling materials  and  sweep  guards  which  push 
or  pull  the  hands  out  of  danger.     A  further 


safeguard  is  a  non-repeat  treadle  attachment 
which  prevents  a  second  stroke  of  the  press 
until  the  treadle  is  again  depressed. 

Safe  Clothing  for  Industrial  Workers. 
G.  E.  Sanford.  Nat.  Safety  News,  Sept., 
1922,  6,  No.  3,  32.— While  accidents  caused 
by  improper  clothing  are  comparatively  few 
in  number,  they  are  usually  severe.  They 
are  most  common  in  the  fall  of  the  year,  when, 
on  account  of  the  cold,  workmen  begin  to 
turn  down  their  sleeves.  The  time,  there- 
fore, for  the  safety  engineer  to  make  a  spe- 
cial drive  against  the  loose  sleeve  hazard  is 
just  before  the  autumn  frosts  are  expected. 
The  use  of  gloves,  also,  is  a  danger  that  must 
be  controlled.  Many  industrial  occupations 
require  gloves,  but  the  man  who  habitually 
uses  gloves  unnecessarily  is  a  dangerous  man 
in  the  shoj).  Linen  dusters  and  long  aprons 
have  caused  serious  accidents,  and  loose  hair 
is  a  menace.  Women  should  be  encouraged 
to  wear  caps,  hair  nets,  or,  in  warm  weather, 
bands  of  white  voile  across  the  forehead. 
Men  who  wear  the  hair  long  in  front  should 
wear  caps.  Special  clothing  is  required  in 
such  occupations  as  foundry  work,  and  the 
writer  has  been  experimenting  with  shoes 
laced  in  the  back  which  protect  from  metal 
splashes  and  also  provide  support  for  the 
ankles.     For  such  operations  as  require  the 
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use  of  gloves,  hand  covering  should  be  pro- 
vided that  is  suited  to  the  special  need. 

Protecting  the  Electrical  Worker 
viTiTH  Safer  Clothing.  H.  J.  Burton.  Nat. 
Safety  News,  Sept.,  1922,  6,  No.  3,  42.— There 
are  many  accident  hazards  due  to  improper 
clothing,  some  common  to  all  industries,  some 
peculiar  to  given  trades.  The  electrical 
worker  is  exposed  to  both  kinds. 

If  a  man  has  metal  on  his  person  his  cloth- 
ing becomes  to  a  greater  extent  a  conductor 
of  electricity.  Dry  cotton  and  wool  are  not 
good  conductors,  but  clothing  that  is  wet  or 
damp  is  more  or  less  a  conductor.  Circuits 
formed  with  dangling  chains  attached  to 
metal  buttons  in  contact  with  damp  under- 
wear have  resulted  sometimes  in  fatal  shocks. 
The  wire  used  to  stiffen  the  rim  of  a  hat  may 
prove  dangerous.  Everything  of  this  kind  is 
unsafe,  as  are  glasses  with  metal  frames.   Cel- 


luloid collars  are  bad.  Nails  in  the  shoes  are 
a  menace,  although  the  shoe  without  nails, 
if  damp,  is  also  unsafe.  The  electrical  worker 
should  know  that  when  standing  on  the 
ground  or  on  a  concrete  floor  he  is  "perma- 
nently and  effectively  grounded." 

Conductors  carrying  primary  voltages 
should  not  be  touched  with  the  bare  hands, 
with  ordinary  gloves,  or  with  metal  tools  or 
objects  held  in  the  bare  hands.  Dry  clothing 
is  sHght  but  insufficient  protection;  standard 
rubber  gloves,  insulated  tools,  lineman's  pro- 
tectors, and  rubber  blankets  to  cover  adjacent 
conductors  are  good.  A  sound  rubber  shoe 
or  boot  without  nails  gives  good  protection 
for  the  man  who  works  around  low  voltage 
conductors.  Goggles  should  be  worn  when- 
ever there  is  danger  of  an  electric  arc  or  flash. 
The  provision  of  a  proper  uniform,  such  as 
a  one-piece  suit  having  no  loose  ends,  tends  to 
prevent  accidents. — G.  E.  Partridge. 
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The  Foot  Factor  in  the  Future  op 
Women.  Harriet  Wilde.  Nation's  Health, 
Sept.  15,  1922,  4,  No.  9,  520-524.— Distorted 
feet  may  be  caused  either  by  the  nature  of  the 
shoe  which  is  worn,  or  by  the  manner  in 
which  one  walks  or  stands.  In  this  article 
the  author  discusses  the  normal  versus  the 
abnormal  foot;  the  correct  manner  to  stand 
and  walk ;  the  effect  upon  the  foot  of  various 
types  of  shoes,  etc.,  with  special  reference  to 
women. — L.  A.  Shaw. 

A  Method  for  Maintaining  Pressure 
OVER  Elbow  in  Olecranon  Bursitis  (Min- 
er's Elbow),  without  Immobilizing  the 
Joint.  Guy  S.  Van  Alstine.  Jour.  Am. 
Med.  Assn.,  Aug.  12,  1922,  79,  No.  7,  557.— 
The  author  describes  a  bandage,  cut  from  an 
automobile  inner  tube,  which  he  uses  in  cases 
of  recent  olecranon  bursitis  to  maintain  pres- 
sure on  the  bursal  sac  without  greatly  in- 
hibiting the  joint  action.  With  this  device 
patients  are  able  to  continue  their  usual  oc- 
cupations while  under  treatment.  —  K.  R. 
Drinker. 

Treatment  op  Industrial  Accidents  to 


the  Knee-Joint.  B.  Wallace  Billington. 
Jour.  Am.  Med.  Assn.,  Oct.  7,  1922,  79,  No. 
15,  1207-1209. — Injuries  to  the  knee  resulting 
from  industrial  accidents  comprise  practical- 
ly all  types  of  traumatic  lesions,  except  gun- 
shot wounds,  and  these  have  their  counter- 
part in  the  penetrating  and  lacerating 
wounds  not  infrequently  encountered. 
Knowledge  of  special  points  in  the  diagnosis 
and  treatment  of  knee  injuries  is  essential  if 
these  patients  are  to  be  back  at  work  in  the 
shortest  possible  time  and  with  the  least  dis- 
ability. 

Among  the  more  common  types  of  knee  in- 
juries encountered  are  simple  traumatic 
synovitis,  subacute  or  chronic  synovitis,  in- 
juries to  the  semilunar  cartilages,  rupture  of 
the  internal  lateral  ligament  and  of  the  cru- 
cial ligaments,  fracture  of  the  tibial  spine  or 
its  inner  tubercle,  Osgood-Schlatter  disease, 
dislocations  of  the  patella,  fractures  of  the 
femur  and  tibia  which  enter  into  the  knee 
joint,  and  open  wound  into  the  joint  cavity. 
The  author  discusses  practical  points  in  the 
proper  treatment  of  these  various  conditions. 
— K.  R.  Drinker. 
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INDUSTRIAL   PHYSIOLOGY:    NUTRITION,  METABOLISM, 
FATIGUE,  ETC. 


The  Efficiency  of  Man.  E.  P.  Cathcart. 
Lancet,  Sept.  9,  1922,  203,  No.  5167,  547-551. 
— -There  are  two  types  of  human  efSeiency: 
mechanical  efficiency  in  the  engineering 
sense,  and  industi-ial  or  productive  efficiency. 
Both  are  closely  related  and  both  are  physi- 
ological problems.  New  inventions  may  rev- 
olutionize shop  equipment,  but,  so  long  as 
machines  need  men,  physiological  laws  must 
be  a  factor  in  industrialism.  The  unhygienic 
conditions  produced  by  the  industrial  revolu- 
tion exposed  the  national  stock  to  a  strain 
which  manifested  itself  in  the  high  yield  of 
C3  lads  recorded  in  the  National  Service  Re- 
port; while  the  latest  Health  Insurance  fig- 
ures give  the  minimum  average  amount  of 
sickness  per  annum  as  14,476,074  weeks,  or 
upwards  of  278,000  years. 

The  human  organism  is  not  at  fault ;  it  has 
a  whole  series  of  protective  mechanisms  at  its 
command,  and,  so  long  as  it  remains  physio- 
logical, it  is  practically  unaffected  by  ordinary 
hard  work.  Fatigue  is  the  main  pi-otective 
mechanism  of  both  mechanical  and  industrial 
efficiency.  Fatigue — a  diminished  capacity 
for  doing  work — cannot  be  determined  by 
any  known  quantitative  test ;  certainly  study 
of  metabolism  gives  little  or  no  clue,  for  a 
person  may  be  on  the  verge  of  absolute  col- 
lapse with  no  marked  evidence  of  diminished 
efficiency  in  a  mechanical  sense. 

Four  factors  contribute  to  maximum  effi- 
ciency— speed,  rest,  rhythm,  and  work  habits. 
With  regard  to  speed,  so  long  as  it  is  subject 
to  the  capacities  of  the  human  agent,  and  is 
not  the  driver  of  those  capacities,  it  counts  as 
gain ;  this  observation  of  field  workers  is  sub- 
stantiated by  laboratory  experiments  in 
which  an  optimum  speed  for  muscular  con- 
traction was  found;  speeds  above  or  below 
gave  less  efficiency.  Speed  is  directly  asso- 
ciated with  load;  there  is  an  economic  opti- 
mum with  high  efficiency  and  a  low  oxygen 
consumption  per  kilogrammeter,  and  a  me- 
chanical optimum  when  output  in  unit  of 
time  is  highest;  the  two  do  not  coincide. 
When  load  becomes  excessive,  efficiency  rap- 
idly falls  away,  because  .static  expenditure  in 
muscular  effort,  which  is  parasitic  on  dynam- 


ic work,  becomes  dominant.  Rest  allows  re- 
moval of  waste  products  and  a  more  abun- 
dant supply  of  oxygen;  there  is  a  tendency 
to  find  spontaneously  the  optimum  rate  of 
work  where  intervals  of  repose  suffice  for  re- 
cuperation; still  little  attention  has  been  di- 
rected to  planning  rest-periods  in  relation  to 
work  in  progress.  Rhythm  is  a  fundamental 
property  of  the  nervous  system,  and  the  ca- 
pacity of  the  organism  to  build  up  a  series  of 
rhythmic  reflexes  is  a  potent  factor  in  pre- 
venting fatigue;  workers  naturally  adopt 
rhythmic  movements,  although  not  always 
the  most  efficient.  Nutrition  is  another  fac- 
tor, since  food  inadequate  in  quantity  or 
quality  lowers  actual  performance  and  re- 
sistance to  disease ;  of  this  Germany  during 
the  war  provided  a  gigantic  experiment. 
Monotony  and  atmospheric  conditions  also 
play  their  part.  Efficiency  is  complex  and 
needs  for  its  investigation  co-operation  be- 
tween the  research  worker,  the  employer,  and 
the  employee. — E.  L.  Collis. 

Motor  Capacity  with  Special  Reference 
TO  Vocational  Guidance.  B.  Muscio.  Brit. 
Jour.  Psychol.,  1922,  13,  pp.  157-184.— Many 
mental  tests,  the  specifically  "intelligence" 
tests,  show  a  high  positive  correlation,  and  this 
is  an  important  fact  in  vocational  guidance. 
Very  few  investigations  have  hitherto  been 
made  to  determine  the  correlation  between 
motor  tests,  with  a  view  to  finding  out  if  a 
general  motor  capacity  exists.  Tests  were 
made  on  a  group  of  20  boys,  aged  about  15 ; 
groups  of  16  and  20  girls,  aged  13 ;  a  group 
of  20  women  medical  students ;  and  one  of  12 
Cambridge  undergraduates,  6  men  and  6 
women.  The  tests  employed  consisted  of 
(a)  tapping  at  the  greatest  possible  rate;  (&) 
drawing  a  pencil  point  between  two  lines 
2  mm.  apart;  (c)  time  taken  to  fit  blocks 
into  the  holes  of  a  form  board;  (d)  time 
taken  to  put  matches  back  into  a  match  box ; 
(e)  capacity  to  hold  a  thin  metal  rod  inside  a 
small  circular  hole  without  allowing  it  to 
toucli  the  circumference;  (/)  an  aiming  test 
(Whipple) ;  (g)  a  total  strength  test  (Mar- 
tin), and  one  or  two  other  tests.     All  the 
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tests  were  not,  however,  used  foi-  each  group 
of  subjects. 

The  correlation  coefficients  observed  were 
usually  verj'  small  and  were  often  negative. 
In  one  group  the  highest  coefBeient  observed 
was  0.40,  and  in  another  group,  0.50.  In  one 
group  alone  (the  undergraduates)  there  was 
moderate  correlation,  the  highest  coefficient 
observed  being  0.56,  while  more  than  half  the 
coefficients  exceeded  0.36.  As  far  as  the  tests 
go,  they  show  little  or  no  increase  of  intercor- 
relation  as  the  result  of  practice,  and  they 
agree  in  this  respect  with  Hollingsworth's 
observations  on  motor  tests.  His  mental 
tests,  on  the  other  hand,  showed  that  prac- 
tice increases  the  intercorrelations  to  a 
marked  degree.  The  author  comes  to  the 
conclusion  that  terms  such  as  "motor  dex- 
terity" or  "practical  ability"  are  mislead- 
ing, as  a  person's  relative  performance  in 
am'  one  motor  test  does  not  represent  what 
will  be  performed  in  any  other  motor  test. 

Hence  it  follows  that,  from  the  point  of 
view  of  vocational  guidance,  everj'  occupa- 
tion which  consists  mainly  of  a  routine  per- 
formance of  specific  movements  will  require 
specific  vocational  tests  of  just  those  motor 
capacities  that  function  in  that  occupation. 
Motor  capacities  are  relatively  independent 
of  intelligence,  for  since  motor  tests  do  not 
correlate  positively  with  one  another  to  any 
appreciable  degree,  they  cannot  in  general 
correlate  positively  with  any  other  tests,  and 
therefore  not  with  intelligence  tests.^ — 
H.    M.   Vernon. 

Apparatus  for  Estimating  the  Working 
Capacity  of  an  Upper  Extremity.  J.  Glaistcr, 
Jr.  Brit.  Med.  Jour.,  Aug.  26,  1922,  2,  No. 
3217,  380-381. — This  apparatus  consists  of  a 
box  36  inches  long,  12  inches  broad,  and  20 


inches  deep,  with  a  series  of  six  holes  in  the 
upper  surface,  through  each  of  which  pro- 
jects a  steel  bar  fitted  with  a  handle  on  the 
outside  and  a  hook  on  the  inside;  to  the  in- 
side hooks  are  attached  weights  in  a  gradu- 
ated series.  The  advantages  appear  to  be 
(1)  that  the  patient  cannot  see  the  weights 
which  he  is  asked  to  lift;  (2)  that  the  order 
and  the  amount  of  any  weight  can  be  altered 
at  the  will  of  the  examiner;  (3)  that  it  is 
a  help  in  the  detection  of  malingering;  and 
(4)  that,  as  the  rods  are  each  1  foot  in 
length,  the  working  capacity  can  be  assessed 
in  foot-pounds. — W.   F.   Dearden. 

Lessened  Ability  to  Distinguish  Colors 
AS  a  Sign  op  Fatigue.  Jour.  Am.  Med. 
Assn.,  Sept.  9,  1922,  79,  No.  11,  909.— As  the 
result  of  examination  of  athletes  following 
various  forms  of  physical  exertion,  it  has 
been  shown  that  as  the  body  becomes  fatigued 
the  ability  to  distinguish  colors  becomes 
much  diminished.  According  to  Boehmig, 
who  has  an  article  on  the  subject  in  the 
Miinchener  tnedizinischc  Wochenschrift,  cer- 
tain subjects  who,  when  examined  immediate- 
ly before  the  physical  performance,  were 
found  to  possess  a  perfectly  normal  ability 
to  distinguish  colors,  were  unable,  after  the 
body  became  fatigued,  to  recognize  the  color 
of  very  small  green  and  red  objects,  and 
some  presented  transient  scotomas,  which, 
however,  were  of  a  mild  sort,  so  that  the  sub- 
jects were  frequently  not  aware  of  their  ex- 
istence. In  the  case  of  the  hea'vy  smokers 
and  those  addicted  to  alcohol,  the  manifes- 
tations appeared  in  a  more  marked  form. 
The  so-called  fatigue  substances  will  doubt- 
less have  to  be  assumed  to  be  the  cause  of 
this  hitherto  unobserved  disturbance  of  color 
vision. 


HAZARDS  OF  COMPRESSED  AIR,  DJMINISHED  PRESSUKK,   GENERA- 
TION AND  USE  OF  ELECTRICITY,  AND  ELECTRICAL  WELDING 


Regarding  Death  from  Electric  Cur- 
rent. Karl  Meixner.  Wien.  klin.  Wchn.schr., 
1922,  35,  No.  28,  619-623.— The  postmortem 
findings  in  four  cases  of  accidental  death  are 
doscribrd.  The  very  striking  fact  is  observed 
that  these  cases  showed  lesions  of  early  heart 
disease  such  as  arc  seen  in  young  adnlt.s  who 


have  died  suddenly  from  natural  causes.  It 
is  a  question,  therefore,  whether  a  sudden  at- 
tack of  weakness  caused  the  shock  to  be  fatal, 
or  whether  the  opposite  occurred.  Aside 
from  local  burns,  no  other  lesions  were  ob- 
S(>rved  that  were  referable  to  exj)osure  to 
the  electrical  current. — B.  Coheu. 
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Pathologic  Changes  Produced  in  Those 
Hendeeed  Insensible  by  Electric  Shock 
AND  Treatment  of  Such  Cases.  J.  A.  Mac- 
William.  Abstracted  from  Arch.  Radiol,  and 
Elec,  June,  1922,  27,  No.  1,  11,  in  Jour.  Am. 
Med.  Assn.,  Oct.  14,  1922,  79,  No.  16,  1364.— 
By  experimental  investigation  MaeWilliam 
ias  found  that  there  are  two  modes  of  imme- 
diate death  by  electric  shock,  and  there  may 
be  a  combination  of  the  two.  In  the  ventricu- 
lar fibrillation  due  to  electric  shock,  artificial 
respiration  should  be  at  once  begun  to  keep 
open  the  possibility  of  recovery  of  the  ven- 
tricular beat  which  may  possibly  occur, 
though  if  the  period  of  ventricular  fibrilla- 
tion is  more  than  a  very  brief  one  the  central 


nervous  system  will  probably  have  suffered 
irretrievable  damage  from  the  period  of  circu- 
latory arrest.  The  only  active  remedial  meas- 
ure that  has  been  found  useful  in  ventricular 
fibrillation  so  far,  that  is,  massage  of  the 
heart  through  the  diaphragm  after  the  abdo- 
men has  been  opened,  is  obviously  not  avail- 
able under  the  conditions  in  which  electric 
shock  occurs.  Heart  massage,  when  applic- 
able, is  rendered  much  moi-e  effective  by  the 
intracardiac  injection  into  left  ventricle  or 
a  vein  of  urethane,  from  0.025  to  0.25  gm. ; 
strontium  chloride,  from  0.01  to  0.06  gm. ; 
epinephrine,  from  0.1  to  1  mg. ;  herudin,  from 
8  to  10  mg. ;  pilocarpine  (injected  into  vein), 
0.0025  gm. 


WOMEN  AND  CHILDREN  IN   INDUSTRY 


Care  op  Older  Women  Employees  by' 
Boston  Retail  Stores.  Sarah  L.  Proctor. 
Abstracted  from  Women's  Educational  &  In- 
dust.  Union,  Boston,  Studies  in  Economic  Re- 
lations of  Women,  1921,  11,  103-108,  in 
Digest,  May-June,  1922,  4,  Nos.  5-6,  18.— In 
eighteen  large  and  long  established  retail  dry 
goods  and  clothing  stores  in  Boston,  only  9.9 
per  cent,  of  the  4,190  women  for  whom  data 
were  available,  had  been  with  the  firm  for 
ten  or  more  consecutive  years  at  the  time  of 
the  inquiry.  Many  women  had  made  changes 
in  employment  after  from  twelve  to  twenty- 
six  years  of  service  with  one  firm.  Six  of  the 
stores  aided  their  retired  women  with  gifts 
of  money  when  trj-ing  situations  arose.  Five 
firms  shifted  older  women  to  lighter  jobs  and 
others  permitted  them  to  come  later  and  leave 
earlier. 

Only  one  firm  had  a  definite  pension  sys- 
tem in  use.  Under  this,  employees  earning 
$20  or  less  received  pensions  figured  on  3 
per  cent,  of  the  average  annual  salary  for 
the  past  ten  years,  multiplied  by  the  number 
of  service  years.  If  the  salary  exceeded  $20 
weekly,  the  yearly  pension  was  figured  on  2 
per  cent,  of  the  average  annual  salary. 

Child  Labor  Prohibitions  for  Industrial 
Home  Work.  Am.  Child,  Aug.,  1922,  4,  No. 
2,  78. — The  following  regulations  governing 
industrial  home  work,  submitted  for  a  final 
public  hearing   at   Philadelphia  on   May  4, 


1922,  were  adopted  by  the  Industrial  Board, 
May  9,  1922,  to  become  effective  September  1, 
1922: 


1.  Minors  under  14  shall  not  be  employed  in 
industrial  borne  work. 

2.  No  minor  under  16  may  be  employed  for 
more  tban  fifty-one  hours  a  week,  nor  more  than 
nine  hours  a  day,  nor  before  6  o'clock  in  the  morn- 
ing nor  after  8  o'clock  In  the  evening. 

3.  Every  minor  between  14  and  16  years  of  age 
mu.st  attend,  for  the  equivalent  of  not  less  than 
eight  hours  each  week,  a  continuation  school  in 
the  school  district  where  said  minor  is  employed. 

4.  These  eight  hours  shall  be  reckoned  in  the 
fifty-one  hours  a  week  ijermitted  above. 

5.  Minors  between  14  and  16  shall  not  work 
without  an  employment  certificate,  which  certifi- 
cate must  be  kept  on  file  by  the  employer. 

6.  General  employment  certificates  are  required 
where  children  under  16  are  employed  all  the  time. 

7.  Vocation  employment  certificates  are  re- 
quired where  minors  under  16  work  at  any  time 
except  when  they  are  required  to  attend  school. 

8.  Employment  certificates  may  be  issued  only 
by  the  District  Superintendent,  Supervising  Prin- 
cipal, or  Secretary  of  the  Board  of  School  Direc- 
tors, or  other  school  official,  deputized  in  writing 
by  any  of  the  other  school  officials  authorized  by 
law  to  issue  such  certificates. 

9.  No  minor  under  16,  who  has  not  completed 
the  work  of  the  sixth  grade  in  public  schools,  shall 
be  entitled  to  an  employment  certificate. 

10.  Before  an  employment  certificate  be  issued, 
the  prospective  employer  must  make  a  statement 
in  writing  that  he  expects  to  give  employment  to 
a  minor  applying  for  such  certificate. 

11.  Employers  must  acknowledge,  in  writing,  to 
the  issuing  officer,  receipt  of  an  employment  certifi- 
cate within  three  days  after  beginning  of  minor's 
employment. 

12.  Upon  termination  of  employment,  the  em- 
ployer must  return  the  employment  certificate  to 
the  Issuing  school  official. 
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The  Working  Children  of  Boston.  A 
Study  of  Child  Labor  under  a  Modern 
System  of  Legal  Regulation.  Helen  Sum- 
ner Woodbury.  U.  S.  Dept.  Labor,  Children's 
Bur.  Pub.,  No.  89,  1922.  pp.  374.— This  study 
was  undertaken  for  the  purpose  of  aseei-tain- 
ing  the  amount,  character,  conditions,  and 
effects  of  employment  of  children  under  16 
years  of  age  in  an  American  citj^  of  diversi- 
fied industries  and  a  considerable  volume  of 
trade,  and  in  a  state  ha^ang  comparatively 
advanced  child  labor  legislation.  Informa- 
tion in  regard  to  these  child  workers  was  ob- 
tained chiefly  from : 

1.     The   employment-certificate  records   of 


Boston,  Cambridge,  Somei-A-ille  and  Chelsea. 

2.  The  Boston  continuation-school  records. 

3.  Schedules  taken  in  interviews  by 
agents  of  the  bureau  with  a  group  of  children 
attending  the  Boston  continuation  school. 

4.  Eeplies  to  a  questionnaire  sent  out  in 
December,  1918,  to  the  children  who  had  been 
interviewed. 

In  addition  a  special  study  was  made  of 
the  child  labor  laws  of  Massachusetts  and 
of  their  administration  in  Boston  and  its 
neighboring  cities.  For  the  findings  of  this 
study  the  reader  is  referred  to  the  original 
report. — M.  C.  Shorley. 


INDUSTEIAL    SANITATION:    FACTORY   CONSTRUCTION,    ILLUMINA- 
TION, VENTIIATION,  HEATING,  WATER  SUPPLY,  SEWAGE  DISPOSAL 


Oil  Camp  Sanitation  in  the  Southwest. 
C.  P.  Boivic.  Nation's  Health,  April  15.  1922, 
4,  No.  4,  222-225.— A  deplorable  lack  of  sani- 
tation exists  in  many  of  the  oil  camps  of 
Texas,  Oklahoma,  Louisiana,  and  Kansas. 
These  mushroom  communities,  aptly  termed 
"ragtowns,"  often  have  no  water  supply  or 
a  wholly  inadequate  one ;  garbage,  I'ags, 
refuse  of  all  sorts,  are  strewn  promiscuously 
about.  Privies  are  largely  make-shift  affairs 
with  no  pretense  of  screening  from  flies  or 
protection  from  vermin.  Insanitary  condi- 
tions such  as  these  result  frequentlj'  in  costly 
fii-es  and  epidemics,  typhoid,  dj-sentery,  diar- 
rhea, and  in  a  loss  of  working  efficiency 
among  the  men,  which  is  often  as  high  as  25 
per  cent.  Statistics  show  that  the  time  saved 
from  illness  by  good  sanitary  measures  far 
exceeds  the  expenditure  for  sanitation. 

The  three  main  factors  in  good  camp  sani- 
tation are  the  building  of  the  camp  on  high, 
dry  land,  with  proper  drainage;  the  provi- 
sion of  a  safe  water  supply,  and  the  installa- 
tion of  an  adequate  sewage  and  waste  dis- 
posal system.  The  author  especially  recom- 
mends the  septic-tank  method  of  sewage  dis- 
posal as  suitable  for  camps  of  the  type  under 
discussion. — K.  R.  Drinker. 

Need  op  Adequate  Artificial  Illumina- 
tion. G.  Bertram  Regar.  Nation's  Health, 
Sept.  15,  1922,  4,  No.  9,  550-553.— Manufac- 
turers are  beginning  to  realize  that  adequate 


lighting  is  a  substantial  aid  to  production, 
not  only  because  it  is  conducive  to  increased 
efficiency,  but  also  because  18  per  cent,  of  in- 
dustrial accidents  are  due  to  defects  in  light- 
ing installations.  Ha\ang  secured  a  lighting 
sj-stem  which  meets  with  the  requirements  of 
health,  safety,  and  efficiency,  the  question  of 
maintenance,  especially  with  reference  to  win- 
dows and  painting  of  walls,  is  of  the  utmost 
importance.  A  well-lighted  factory  also  ex- 
erts a  profound  psychological  effect  upon  the 
workers,  serving  to  reduce  discontent  and 
provide  happiness. — L.  A.  Shaw. 

ilANUFACTURED     WeATHER     AND     PERSONAL 

Efficiency.  Willis  H.  Carrier.  Chem.  and 
Metall.  Engin.,  Aug.  30,  1922,  27,  No.  9,  449- 
452. — This  is  a  general  discussion  of  the  sub- 
ject.— Philip  Drinker. 

Ventilation  Fundament.Ujs  - —  Where 
Does  the  Society  Stand  ?  E.  V.  Hill.  Jour. 
Am.  Soe.  Heating  and  Ventilating  Eng., 
Sept.,  1922,  28,  No.  6,  605-617.— The  author 
presents  a  brief  discussion  of  methods  in 
vogue  for  determining  ventilation  efficiency, 
followed  by  a  plea  for  a  standard  practice 
among  engineers  and  physicians.  Examples 
are  given  of  the  use  of  the  synthetic  air  chart 
which  the  author  urges  be  employed  as  a 
basis  of  standardizing  ventilation  efficiency. 
— Philip  Drinker. 
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Industrial  Ventilation  as  Applied  to 
Dust  and  Fume  Removal.  R.  M.  Nichols 
and  F.  R.  Ellis.— At  a  meeting  of  the  Nation- 
al Safety  Council  in  Detroit,  on  August  30, 
1922,  this  article  was  presented,  in  which  are 
pointed  out  the  possibilities  of  avoiding  fume 
and  dust  nuisances  by  the  adequate  installa- 
tion of  fans,  ducts,  etc.,  in  order  to  remove 
the  fume  and  dust  at  its  source.  The  fre- 
quent advantages  of  humidification  which 
succeeds  in  removing  dust  nuisances,  and  par- 
ticularly explosion  hazards,  are  pointed  out. 

Common  Sense  in  Factory  Ventilation. 
C.-E.  A.  Winslow.  Nation's  Health,  June  15, 
1922,  4,  No.  6,  359-360.— It  is  now  universally 
recognized  that  the  primary  aim  of  air  con- 
ditioning is  to  avoid  overheating,  and  to  pro- 
vide a  moderate  degree  of  air  movement.  The 
causes  of  discomfort  in  the  ordinary  badly 
ventilated  room  are  heat  and  stagnation  com- 
bined in  many  eases  with  high  humidity — 
and  it  is  these  conditions  that  must  be  con- 
trolled in  the  factory. 

It  has  been  shown  that  even  a  temperature 
of  75°  F.  exerts  a  profound  influence  upon 
body  temperature,  blood  pressure,  and  heart 
rate ;  that  it  reduces  efBciencj^  and  tends  to 
increase  the  prevalence  of  respiratory  dis- 
ease. Under  conditions  comparable  to  those 
of  the  factory  the  amount  of  physical  work 
performed  in  a  given  time  is  15  per  cent, 
greater  at  68°  than  at  75°.  Statistics  show 
that  the  temperature  in  factories  is  apt  to  be 
above  the  most  favorable  point,  and  that  the 
loss  in  human  vitality  and  productive  effi- 
ciency due  to  overheating  of  the  factories  of 
the  United  States  must  be  great. 

The  first  step  toward  improvement  is  to 
understand  the  conditions.  When  the  tem- 
perature is  found  to  exceed  68°  in  the  ordi- 
nary factory  workroom  something  is  wrong, 
and  nine  out  of  ten  times  the  remedy  is  the 
application  of  common  sense.  An  essential 
part  of  the  duty  of  the  foreman  should  be  to 
place  a  thermometer  in  every  workroom  and 
make   periodic   observations.     If  the   control 


of  direct  and  indirect  heating  is  not  sufficient 
by  itself  to  maintain  a  low  temperature,  win- 
dow ventilation  may  be  resorted  to  as  the 
next  step.  If  the  room  is  large  and  crowded 
it  may  be  necessary  to  adopt  the  three  de- 
vices that  have  been  found  so  useful  in  the 
ventilation  of  school  rooms:  the  location  of 
radiation  units  under  the  windows  to  temper 
the  incoming  air;  the  admission  of  air  over 
slanting  window  boards  to  avoid  drafts  on 
those  nearby,  and  the  provision  of  a  gravity 
exhaust  duct  for  the  removal  of  vitiated  room 
air  near  the  ceiling.  In  some  cases,  where 
conditions  are  especially  difficult  to  control, 
a  ventilating  engineer  needs  to  be  consulted, 
and  resort  may  be  made  to  fan  ventilating 
systems. — G.  E.  Partridge. 

Simplifying  Heating  Systems.  R.  J. 
Snell.  Factory,  Sept.,  1922,  29,  No.  3,  260.— 
An  account  is  presented  of  the  effective  heat- 
ing and  ventilating  system  in  use  at  the  .shops 
of  the  Milwaukee  Locomotive  Manufacturing 
Company,  whereby  heated,  fresh  air  enters 
by  a  sj^stem  of  overhead  sheet-iron  piping 
and  is  driven  to  aU  parts  of  the  shop  by  two 
large  fans.  Heat  is  produced  by  a  group  of 
steam  coils  about  16  feet  square  and  12  feet 
in  height.  Air  reaches  these  coils  from  two 
sources :  through  a  lattice-work  which  may  be 
opened  or  closed  as  needed,  and  through  tun- 
nels running  beneath  the  plants.  All  air  is 
returned  still  partially  warmed,  to  be  reheat- 
ed and  sent  back  over  the  plant. 

The  fans  draw  the  air  from  each  of  these 
sources  through  the  steam-heated  coils  and 
drive  it  through  the  large  overhead  sheet- 
iron  pipes  back  into  the  plant.  The  sheet- 
iron  pipe  grows  gradually  smaller  as  each 
exit  of  air  is  reached,  thus  insuring  an  even 
flow  of  air  throughout  its  length.  Each  exit 
for  air  is  provided  with  a  damper  which  may 
be  operated  by  the  workmen  in  the  particular 
area  being  heated.  One  advantage  of  this 
system  is  that  in  summer,  when  fresh  air  is 
needed,  the  fans  are  so  located  that  this  air 
may  be  drawn  in  directly. 


INDUSTEIAL   MEDICAL   SERVICE:    MEDICAL  DISPENSARIES  AND 
HOSPITALS  IN  INDUSTRIAL  PLANTS 

Health     Service     for     Small     Plants.      1922,  14,  No.  2,  58-59.— Many  employers  of 
C.  F.  N.  Schram.     Hosp.  Management,  Aug.,      small  numbers  of  workers  would  like  to  pro- 
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vide  for  their  employees  the  best  of  medical 
and  surgical  service,  but  they  cannot  employ 
a  full-time  physician  and  they  do  not  under- 
stand how  to  arrange  part-time  service. 

A  plan  for  the  required  ser\-ice  is  outlined 
by  Dr.  Shipley  under  the  following  heads : 
(a)  first  aid  and  emergency  measures;  (b) 
preventive  measures;  (c)  general  adminis- 
trative measures.  The  first  comprises  dailj' 
visits  of  the  physician  or  nurse  to  the  fac- 
tory to  attend  to  emergency  cases;  arrange- 
ments for  the  necessary  hospital  care ;  visits 
to  homes ;  desired  dental  service.  Under  b 
are  medical  examinations  for  employment  in 
order  to  discover  and  correct  defects;  peri- 
odic examinations  to  prevent  disease ;  .super- 
vision of  factory  sanitation  and  hygiene ;  re- 
duction of  industrial  health  hazards  by  a 
studj-  of  materials  and  methods;  inspections 
for  the  reduction  of  accidents;  the  study  of 
methods  of  work;  health  education;  investi- 
gation of  home  environment;  proper  record- 
ing of  services  given,  with  analysis  and  de- 
ductions. Administrative  measures  include : 
supervision  of  the  field  force  of  physicians, 
nurses  and  home  workers ;  comparative  study 
of  data  for  use  by  industries;  advice  and  tes- 
timony in  law  suits ;  following  up  procedures 
incidental  to  the  workmen's  compensation 
law;  giving  advice  in  respect  to  industrial 
health  requirements  and  laws,  with  super\'i- 
sion  of  their  application  in  the  factories ;  cui'- 
rent  information  about  new  laws,  latest  liter- 
ature, etc. — G.  E.  Partridge. 

Physical  Examination  of  Postoffice 
Employees.  Jour.  Am.  Med.  Assn.,  Sept.  23, 
1922,  79,  No.  13,  1058.— At  the  request  of  the 
Postmaster  General,  boards  of  medical  ex- 
aminers from  the  United  States  Public  Health 
Service  in  New  York  and  Chicago  examined 
postoffice  employees  to  obtain  a  survey  of 
health  conditions  existing  in  the  Federal  post- 
offices  ill  those  cities.  Only  those  employees 
who  volunteered  were  examined,  a  total  of 
985,  from  all  the  different  occupations  in  the 
postoffice  department.  A  thorough  physical 
examination  was  made  in  each  case,  and  the 
results  were  classified.  In  Class  1  (no  physi- 
cal defects)  there  were  five  employees;  in 
Class  2  (minor  defects  requiring  observation 
or  attention)  there  were  twelve;  in  Class  3 
(moderate  defects  requiring  hygienic  correc- 


tion or  minor  medical,  surgical,  or  dental  at- 
tention), 258;  Class  4  (moderate  defects  re- 
quiring medical  supervision  as  well  as  hygi- 
enic correction),  336;  Class  5  (advanced 
physical  impairments  requiring  systematic 
medical  or  surgical  attention),  234;  Class  6 
(serious  physical  defects  requiring  immedi- 
ate medical  or  surgical  attention),  140.  The 
results,  compared  with  those  obtained  from 
garment  workers,  are  given.  The  service  is 
to  be  extended  to  all  postoffice  employees  in 
the  country. 

Mercantile  Hygiene  in  the  Health  Pro- 
gram. A.  B.  Emmons.  Nation's  Health, 
July  15,  1922,  4,  No.  7,  431-433.— Twenty- 
five  stores  in  six  cities,  combining  two  and 
a  half  years  ago  to  studj'  the  health  prob- 
lems of  the  store,  have  now  completed  a  sani- 
tary survey.  It  has  been  found  that  there 
are  defects  in  nearly  all  stores,  in  a  sanitary 
way,  but  the  writer  concludes  that  sanitary 
conditions,  with  the  possible  exception  of  ven- 
tilation, do  not  form  one  of  the  major  causes 
of  the  large  amount  of  ill  health  found  among 
workers  in  stores. 

The  physical  condition  of  the  employees  in 
stores,  in  comparison  with  the  standard  set 
by  college  men  and  women,  is  in  general,  far 
below  the  average.  Kellogg  of  Pittsburgh 
found  that  95  to  99  per  cent,  of  1,200  work- 
ers in  stores  considered  in  groups  according 
to  age  had  from  one  to  five  defects — strongly 
contrasted  with  the  5  per  cent,  having  de- 
fects found  in  an  entering  class  at  Harvard 
College  and  the  School  of  Business  Adminis- 
tration. The  chief  cause  of  this  ill-health, 
the  wi-iter  concludes,  is  lack  of  proper  nutri- 
tion in  the  early  yeai's,  and  of  training  in 
habits  conducive  to  health. 

The  most  common  affections  are  the  com- 
mon cold  and  the  various  diseases  of  nose  and 
throat,  which  in  their  totality  are  very  costly 
to  store  and  employees.  The  next  most  common 
group  consists  of  ca.ses  of  malnutrition  and 
indigestion,  the  problem  of  which  is  largely 
one  of  education.  The  group  of  functional 
nervous  disorders  presents  an  opportunity 
for  intensive  studj' ;  fear,  worry,  and  anx- 
iety are  often  found  in  an  exaggerated  form 
in  this  class  of  workers.  The  opportunity  is 
good  for  studying  the  beginnings  of  diseases. 

H.  W.  Stevens,  in  discussing  this  paper, 


ABSTRACTS 


179 


complains  that  physical  examination  in  in- 
dustrial groups  has  proved  disappointing. 
The  physical  examination  does  not  properly 
measure  capacity,  since  it  seems  that  it  is 
not  the  defect  alone  that  disables  the  worker 
but  what  he  thinks  about  the  disabling  effect 
of  his  particular  physical  ailment.  It  is  to 
be  suspected  that  the  larger  part  of  the  ill- 
ness under  discussion  falls  in  the  class  of 
functional  nervous  disorders,  and  is  not  to 
be  demonstrated  by  ordinary  physical  exami- 
nation. Study  of  the  statistics  in  regard  to 
return  to  work  after  illness  shows  strongly 
the  effects  of  ideas,  since  the  physical  condi- 
tion can  hardly  be  supposed  to  be  subject  to 
such  variations  as  are  shown  in  the  figures. 

Sickness  Records  in  Preventive  Work. 
Edgar  Sydenstricker.  Nation's  Health,  Aug. 
15,  1922,  4,  No.  8,  485-488.— Intelligent 
health  administration  in  the  industrial  plant, 
as  in  the  community,  necessarily  rests  upon  a 
knowledge  of  what  ill-health  exists  in  the 
plant  and  of  the  conditions  under  which  it 
occurs.  At  present  this  information  is  too 
often  neglected.  The  industrial  medical  offi- 
cer is  properly  a  sanitarian,  but  the  vital 
statistics  and  disease  records  which  consti- 
tute his  epidemiological  tools  are  of  a  special 
character.  He  has  little  use  for  mortality 
records  and  little  need  of  the  ordinary  re- 
ports on  communicable  diseases;  he  is  more 
concerned  with  indicators  of  health.  Ail- 
ments and  diseases  that  do  not  come  to  the 
attention  of  the  municipal  and  state  health 
officers  are  the  principal  objects  for  pre- 
ventive work  on  the  part  of  the  industrial 
physician.  To  make  this  preventive  work  im- 
mediately effective,  the  incidence  of  sympto- 
matic ailments  and  disease  must  be  related 
to  as  specific  conditions  as  possible. 

Several  general  requirements  for  indus- 
trial health  statistics  and  reports  may  be 
stated:  (1)  In  any  system  of  sickness  rec- 
ords, provision  must  be  made  for  expressing 
the  incidence  and  prevalence  of  a  symptom 
in  terms  of  rates;  evei'y  provision  for  classi- 
fying cases  into  nativity,  sex,  age,  occupa- 
tional or  other  groups  should  be  accompa- 
nied by  a  similar  provision  for  classifying 
all  of  the  employees  for  whom  ease  records 
are  available.  (2)  There  are  certain  basic 
items  without  which  no  analvsis  can  be  com- 


plete, such  as  items  relating  to  individuals, 
with  a  basis  of  grouping  them;  items  relat- 
ing to  the  conditions  under  which  the  indi- 
vidual works  and  lives,  items  indicating  phy- 
sical condition  and  health.  (3)  There  should 
be  continued  observation  of  the  worker  under 
various  conditions,  using  the  record  of  his 
deviation  from  good  health  as  the  measure 
of  the  influence  of  conditions  after  other  fac- 
tors have  been  taken  into  consideration.  (4) 
The  sickness  record  of  an  employee  is  a  de- 
pendable measure  of  his  health  provided  that 
illnesses  of  short  duration  are  recorded.  The 
shorter  the  illness  which  is  recorded  with  a 
diagnosis,  the  more  specific  is  the  sickness 
record.  (5)  There  should  be  simplicity  in 
the  recording  and  analysis  of  records.  The 
fewer  the  facts  and  the  more  significant  they 
are,  the  greater  will  be  the  return  in  knowl- 
edge. These  methods  are  already  in  success- 
ful operation  in  some  establishments. 

Some  practical  suggestions  in  regard  to 
details  of  record-keeping  are  offered,  and 
there  are  two  figures  in  the  text,  illustrating 
methods  of  co-ordinating  data. 

DENTigT  IN  Factory  Saves  Employees' 
Money  and  Time.  Manufacturers'  News, 
Sept.  28,  1922,  22,  No.  13,  14.— A  large  east- 
ern industrial  establishment,  which  has  re- 
cently installed  dental  equipment  and  a 
dentist  in  its  factory  hospital,  has  reported 
that  a  large  percentage  of  its  employees  had 
diseased  gums  or  defective  teeth  and  that 
approximately  all  employees  have  availed 
themselves  of  dental  treatment.  It  is  esti- 
mated that  the  work,  if  done  outside,  would 
have  cost  the  workers  approximately  $27,500. 

About  one-fourth  of  the  operations  were 
emergency  cases.  The  lost  time  saved  in  the 
emergency  work  alone,  the  company  esti- 
mates, would  amount  to  about  four  hours  a 
case.  In  other  words,  each  emergency  treat- 
ment, of  which  there  were  6,010,  represented 
a  saving  of  four  hours  each  to  the  man  and 
to  the  company.  This  saving  to  the  employee 
alone,  figuring  the  average  at  75  cents  an 
hour,  would  amount  to  $18,030.00.  making  a 
total  saving  to  the  men  of  $45,530.00.  Assum- 
ing that  each  hour  lost  was  worth  in  produc- 
tion to  the  company  50  cents,  the  saving  there 
amounted  to  $12,020.00. 

Lost  time  due  to  sickness  was  also  reported 
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to  have  been  materially  reduced  by  the  dental 
treatments.— M.  C.  Shorley. 

What  Is  a  Good  Plant  Hospital?  J.  A. 
Britton.  Nat.  Safety  News,  Sept.,  1922,  6, 
No.  3,  41. — The  three  units  of  a  hospital  are : 

(1)  The  surgical  division,  which  should  be 
equipped  to  take  care  of  both  major  and 
minor  surgical  cases,  and  include  equipment 
for  work  in  eye,  nose,  and  throat  cases.  There 
should  be  at  least  one  or  two  beds  for  obser- 
vation and  emergency  requirements,  and  it 
may  be  found  necessary  to  provide  baths  for 
treating  heat  cases,  since  life  depends  upon 
giving  treatment  immediately.  Most  modern 
industrial  hospitals  should  have  a  complete 
dental  equipment,  including  a  gas  machine. 

(2)  The  second  unit  should  provide  for  phys- 
ical examinations  and  the  care  of  medical 
cases,  and  for  this  a  quiet  examination  room 
is   the  first   essential.      (3)    The   third   unit 

INDUSTRIAL  PERSONAL 
HOUS 

Housing  Conditions  among  Berlin  Work- 
men. Jour.  Am.  Med.  Assn.,  Sept.  2,  1922, 
79,  No.  10,  840. — The  executive  committee 
of  the  health  insurance  society  of  the  city  of 
Berlin  has  published  a  report,  covering  the 
years  1919  and  1920,  on  the  housing  condi- 
tions of  its  insured  working-men.  Among 
the  interesting  statements  brought  out  by 
the  report  is  the  fact  that  the  number  of  ill 
working-men  living  in  houses  and  apartments 
fronting  the  street  has  decreased,  while  the 
number  of  those  living  in  the  cheaper  I'ear 
dwellings  and  apartments  has  increased.  In 
1918  52.14  per  cent,  of  ill  employees  were 
living  in  rear  dwellings;  in  1919  the  num- 
ber had  increased  to  53.46  per  cent. ;  and  in 
1920  to  55.89  per  cent.  More  than  5  per 
cent,  of  the  patients  were  lodged  in  rooms 
with  less  than  10  square  meters  floor  space. 


is  the  laboratory,  without  which  satisfactory 
work  cannot  be  done.  The  minimum  labora- 
torj'  should  provide  for  the  examination  of 
the  blood,  urine,  and  sputum,  and  for  X-ray 
work  (this  is,  however,  dependent  upon  acces- 
sibility of  other  hospitals).  All  industrial 
establishments  now  have  in  addition  to  these 
facilities  provision  for  taking  care  of  sick- 
ness insurance  eases  and  compensation  cases, 
and  these  also  require  suitable  offices.  An- 
other thing  that  must  not  be  forgotten  is  the 
necessity  for  proper  care  of  surgical  and 
medical  supj^lies  and  records.  The  location 
and  surroundings  of  the  plant  hospital  are 
of  the  utmost  importance ;  it  should  be  pro- 
tected from  ordinary  shop  noises  and  from 
dust,  etc. 

The  plan  of  the  emergency  hospital  at  the 
McCormick  Works  of  the  International  Har- 
vester Company  is  shown. — G.  E.  Partridge. 


AND  COMMUNITY  HYGIENE: 
ING,  ETC. 

More  than  one-third  were  obliged  to  share 
their  dwelling  rooms  with  other  persons. 
Even  in  rooms  with  only  6  square  meters  were 
found  patients  living  with  other  persons. 
Approximately  5  per  cent,  of  the  patients 
lived  in  rooms,  the  ceilings  of  which  were 
less  than  2.5  meters  high,  the  number  of  such 
patients  ha%ang  increased  from  929  in  1919 
to  1,494  in  1920.  Of  these  dwellings,  39.96 
per  cent,  were  in  cellars  or  basements,  while 
41.83  per  cent,  were  in  attics,  which  is  espe- 
cially significant  in  view  of  the  fact  that 
before  the  war  the  use  of  basements  and  attics 
was,  for  hygienic  reasons,  prohibited.  In 
1920,  13.46  per  cent,  of  all  patients  were 
obliged  to  share  their  lodging  with  other  per- 
sons. Twenty  per  cent,  of  these  patients  had 
some  pulmonary  affection. — K.  R.  Drinker. 


INDUSTRIAL  INVESTIGATIONS  AND  SURVEYS 


An  Investigation  into  Breakage  Prob- 
lems. G.  H.  Miles  and  A.  B.  B.  Eyre.  Jour. 
Nat.  Inst.  Indust.  Psychol.,  Oct.,  1922,  1,  No. 
4,  132-140. — Breakages  of  articles  such  as 
crockery  are  usually  assigned  to  carelessness, 
but  this  is  far  from  being  their  true  psycho- 


logical cause.  In  some  eases  the  worker  was 
not  aware  of  the  slightest  deviation  in  the 
method  of  handling  the  article.  Sometimes 
she  knew  that  the  accident  was  about  to 
occur,  but  felt  powerless  to  prevent  it.  Con- 
ditions tending  to  induce  irritation,  excite- 
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ment  or  fluster,  and  those  which  distracted 
attention  when  breakable  material  was  being 
handled,  all  tended  to  increase  breakages. 
Hence  the  sources  of  irritation  were  investi- 
gated, and  removed  whenever  possible.  For 
instance,  certain  articles  had  to  be  brought 
quickly  beneath  a  nozzle,  filled,  and  passed 
on;  by  arranging  a  combined  guard  and 
guide,  the  process  was  rendered  easier,  and 
the  clashing  of  the  receptacle  against  the 
nozzle  avoided.  Some  of  the  articles  had  to 
be  placed  in  specially  constructed  racks  or 
carriers.  These  were  improved  in  form,  and 
rendered  easier  of  access,  and  workers  were 
taught  to  combine  in  their  sorting  and  stack- 
ing. The  rush  period  of  the  day  was  pro- 
vided for  by  the  accumulation  of  sufficient 
stores,  and  the  allocation  of  duties  and 
routine.  Thereby  the  flow  of  materials  was 
smoothed  out.  Orders  were  transmitted  by 
calls  or  a  voice  pipe,  but  the  substitution  of 
indicators,  in  which  an  appropriate  button 
for  a  particular  article  had  to  be  pressed, 
greatly  reduced  delays  and  consequent  irri- 
tation. Workers  were  screened  from  undue 
heat,  and  the  gas  consumption  in  one  depart- 
ment was  reduced  one-half. 

The  number  of  articles  broken  during  the 
working  day  was  investigated,  and  was  found 
to  amount  to  2.2,  3.3,  2.2,  and  5.7  per  1,000 
articles  handled  during  four  successive  two- 
hour  periods.  After  introducing  the  reforms, 
it  amounted  to  1.7,  1.8,  1.9,  and  1.6  for  the 
respective  periods,  or  to  a  reduction  of  20 
to  72  per  cent.  The  workers  themselves 
stated  that  the  work  proceeded  much  more 
smoothly  and  easily. — H.  M.  Vernon. 

An  Investigation  in  a  Coal  Mine  (1). 
E.  Farmer,  S.  Adams,  and  A.  Stephenson. 
Jour.  Nat.  Inst.  Indust.  Psychol.,  Oct.,  1922, 
1,  No.  4,  125-131. — Motion  study  observa- 
tions were  made  on  coal-getters,  especially  on 
the  rhythm  with  which  they  used  the  pick. 
The  best  workers  were  found  to  use  a  com- 
paratively slow  stroke  in  getting  coal,  and 
a  faster  one  in  getting  the  harder  "dirt" 


(substance  in  which  the  good  coal  is  found) 
This  higher  rate  for  dirt  was  ascribed  to  the 
utilization  of  the  rebound  of  the  pick.  Ex- 
perienced but  not  very  expert  miners  were 
taught  to  adopt  a  rhythm  more  in  accordance 
with  that  of  the  better  workers.  This  was 
done  by  getting  them  to  work  to  the  beating 
of  a  metronome,  until  they  acquired  the  cor- 
rect rhythm.  The  miners  were  taught  to  use 
a  heavier  pick  for  coal-getting,  and  a  lighter 
one  for  dirt.  Reliable  results  showed  that 
in  consequence  of  the  adoption  of  these  meth- 
ods, output  increased  from  6  to  10  per  cent., 
and  in  one  ease,  20  per  cent.  The  experi- 
mental periods  lasted  from  six  to  ten  weeks 
before  training,  and  from  four  to  ten  weeks 
after  it.  The  miners  expressed  themselves 
satisfied  with  the  new  method  of  work,  as 
they  found  it  easier  and  smoother.  Other 
diiBculties  in  coal-getting  are  under  investi- 
gation.—H.  M.  Vernon. 

Notes  on  the  Lay-Out  op  a  Hand-Com- 
positor's Case.  Sheila  M.  Bevington.  Jour. 
Nat.  Inst.  Indust.  Psychol.,  Oct.,  1922,  1,  No. 
4,  141-151. — The  types  in  a  hand-compositor's 
case  were  arranged  on  a  new  principle,  in 
order  to  facilitate  access,  and  to  diminish  the 
extent  of  movement  necessary  for  the  trans- 
ference of  type  to  the  composing  stick.  In 
comparison  with  the  "Caslon  New  Lay," 
which  is  claimed  to  be  a  great  improvement 
on  the  "Old  Lay,"  the  method  suggested 
reduced  the  average  distance  travelled  by  the 
right  arm  by  19  per  cent.  The  relative  fre- 
quency of  the  letters  used  was  first  deter- 
mined by  analyzing  representative  tests.  The 
logotype  combinations,  such  as  "ff"  and 
"fl,"  were  discard,ed,  and  were  replaced  by 
the  logotypes  "the"  and  "and."  The  actual 
time  saved  by  the  revised  lay  is  not  likely 
to  be  so  great  as  that  corresponding  to  the 
diminished  movements,  since  a  good  deal  of 
the  total  time  taken  is  occupied  in  picking  up 
type,  and  placing  it.  The  method  ought  to 
be  tested  practically  on  two  groups  of  com- 
positors, trained  on  the  two  lays. 


INDUSTRIAL  PSYCHOLOGY  AND  INDUSTRIAL  MANAGEMENT 
IN  ITS  HEALTH  RELATIONS 

State  Institute  for  the  Study  of  Effi-     giene.    Jour.  Am.  Med.  Assn.,  July  22,  1922, 
ciENCY    Engineering   and    Industrial   Hy-     79;  No.  4,  318.— A  recognition  of  the  impor- 
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tance  of  industrial  psj-eliology.  wliich,  owing 
to  the  influence  of  propaganda  from  America, 
is  coming  to  the  front  here  more  and  more, 
is  the  imderlying  factor  that  has  induced  the 
head  committee  of  the  Prussian  legislature 
to  adopt  unanimously  the  suggestion  of  the 
minister  of  public  welfare  that  a  state  insti- 
tute for  the  study  of  labor  problems  and  in- 
dustrial hygiene  be  created.  The  need  of 
applying  psychologic  principles  to  all  indus- 
tries was  discussed  at  length,  and  special 
reference  was  made  to  the  excellent  results 
secured  in  America  by  the  introduction  of 
a  practical  system  of  psychology — more  par- 
ticularly, the  Taylor  system.  The  Greater 
Berlin  Street  Railway  Company,  by  training 
motormen  in  accordance  with  modern  psy- 
chologic, scientific  principles,  effected  a  sav- 
ing of  12,000,000  marks  for  the  last  fiscal 
year,  while  the  number  of  accidents  was  also 
materially  decreased.  With  greater  efficiency. 
a  saving  of  10  per  cent,  in  the  amount  of 
electric  current  required  was  brought  about, 
and  the  wear  and  tear  on  the  rolling  stock 
and  the  roadbed  was  distinctly  reduced. 
Another  great  gain  lay  in  the  fact  that  with 
the  application  of  scientific,  psychologic 
principles  the  motormen  and  conductors 
could  be  trained  for  the  work  in  one-third 
the  time  formerly  required. — K.  R.  Drinker. 

Some  Business  Applications  op  a  Mental 
Alertness  Test.  A.  W.  Kornhauser.  Jour. 
Personnel  Res.,  July,  1922,  1,  No.  3,  103-121. 
— This  is  a  report  of  methods  used  and  re- 


sults obtained  in  some  tests  of  General  intelli- 
gence made  in  business  establishments  during^ 
1919  and  1920.  The  tests  employed  were  the 
Scott  Company  mental  alertness  tests,  which 
are  comprised  of  tests  of  arithmetical  reason- 
ing, of  finding  the  opposites  of  given  words, 
of  seeing  relationships  between  certain 
words,  counting  cubes  in  pictures,  rearrang- 
ing letters  to  form  words,  and  solving  prob- 
lems of  combining  coins.  The  tests  showed 
high  correlation  with  ratings  made  by  super- 
visors. Tests  made  in  the  educational  de- 
partment of  a  large  plant  showed  that  an 
examination  lasting  only  twenty  minutes  ap- 
proached closely  the  estimates  fo!-med  on  the 
basis  of  school  experience,  etc.  Mental  alert- 
ness tests  were  given  to  122  foremen  taking 
a  course  in  factory  management  and  modern 
production  methods,  and  comparison  was 
made  with  tiie  marks  obtained  in  the  course. 
Similar  results  were  obtained.  Tests  given 
to  311  male  office  employees  and  400  female 
ofiice  employees  revealed  a  striking  superi- 
ority of  the  men,  although  men  and  women 
students  in  a  co-educational  college  showed 
no  significant  difference  in  standards. 
Standards  of  several  occupational  groups- 
were  determined.  Other  tests  have  been 
made  to  compare  applicants  for  positions  in 
certain  occupations  with  employees  in  the 
same  occupation,  to  compare  office  employees 
of  different  companies,  and  to  determine  the 
relation  between  mental  alertness  and  turn- 
over.— G.  E.  Partridge. 


INDUSTRIAL  HEALTH  LEGISLATION:    COURT  DECISIONS: 
WORKMEN'S  COMPENSATION  AND  INSURANCE 


The  Acute  P.unful  Back  among  Indus- 
trial Employees  Alleging  Compensable 
Injury.  Harold  R.  Conn.  Jour.  Am.  Med. 
Assn.,  Oct.  7,  1922,  79,  No.  15,  1210-1212.— 
The  author  sums  up  his  paper  in  the  follow- 
ing conclusions: 

Trauma  is  blameless  as  an  etiologic  factor 
in  a  large  percentage  of  cases  of  alleged 
traumatic  backs. 

Malingering  is  of  uncommon  occurrence, 
but  often  is  implied  to  the  surgeon  by  the 
patient's  false  conceptions  of  etiology  and 
an  overanxiety  to   establish  the   recognition 


of  a  real  disability. 

( )sscous  abnormalities  in  the  lower  portion 
of  the  back  furnish  a  potential  group,  espe- 
cially susceptible  to  violence  but  capable  of 
developing  disability  unexcited  by  ti-auma. 

Sacro-iliac  relaxations  are  of  infrequent 
occurrence. 

Sacrolumbar  lesions  are  properly  of  two 
classes  as  regards  the  involvement  of  the 
articulation,  extrinsic  and  intrinsic,  the  lat- 
ter representing  the  grave  traumatic  lesions 
of  most  common  occurrence. — K.  R.  Drinker. 
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Measuring  End-Results  after  Injury: 
A  Suggested  Percentage  Basis.  John  J. 
Moorhead.  Jour.  Am.  Med.  Assn.,  Sept.  2, 
1922,  79,  No.  10,  824.— Surgeons  are  often 
called  on  to  determine  the  end-result  of  a 
given  injury  so  that  legal,  compensation,  or 
insurance  phases  may  become   a  matter   of 


record  or  a  subject  of  review  by  constituted 
authorities.  With  this  fact  in  mind,  the 
author  submits  a  simple  plan,  based  on  three 
main  elements — function,  union,  and  contour 
— to  determine  by  a  percentage  basis  the  out- 
come of  injuries. — K.  R.  Drinker. 


REHABILITATION   OF   DISABLED  EMPLOYEES 


Physical  Rehabilitation  in  Industry. 
Oscar  M.  Sullivan.  Nation's  Health,  Sept. 
15,  1922,  4,  No.  9,  560-561.— In  this  paper 
the  author  discusses  the  relation  which 
should  exist  between  systems  for  vocational 
rehabilitation  of  injured  persons  and  the 
agencies  for  physical  rehabilitation.  In  the 
author's  opinion,  sound  policy  dictates  an 
advisory  relation  to  physical  rehabilitation 
upon  the  part  of  the  vocational  rehabilitation 
system,  rather  than  a  relation  of  direct  man- 
agement. It  should  be  the  function  of  the 
vocational  rehabilitation  system  to  under- 
stand all  the  existing  provisions  for  physical 
care  and  to  bring  the  injured  person  in  touch 
with  the  proper  agencies  for  treatment  or 
prosthesis  at  the  proper  time.  —  K.  R. 
Drinker. 

New  Jersey  Industrial  Rehabilitation 
Clinics.  Lewis  T.  Bryant.  Nation's  Health, 
Oct.  15,  1922,  4,  No.  10,  610-612.— The  Re- 
habilitation Act  of  New  Jersey  has  been 
drawn  so  as  to  give  the  Rehabilitation  Com- 
mission a  tremendous  latitude  in  working 
out  its  methods.  The  disabled  man,  having 
received  such  treatment  as  the  Industrial 
Clinic  deems  necessary  for  the  most  complete 
physical  rehabilitation,  is  then  taken  in  hand 
by  the  Commission,  which  makes  a  study  of 
his  case  to  determine  what  form  of  work  he 
is  most  fitted  to  do.  It  is  the  duty  of  the 
Rehabilitation  Commissioner  to  keep  in  touch 
with  the  employment  officers  of  the  different 
industi-ies,  and  thus  place  each  man  in  that 
position  to  which  he  is  most  adapted.  The 
Commission  must  enjoy  the  confidence  of 
both  the  laborer  and  the  employer.  Indeed 
it  is  through  strengthening  the  morale  of  the 
worker  who  is  "down  and  out,"  that  the 
Commission  has  rendered  its  greatest  service. 

The  industrial  clinics  as  they  are  organized 


under  the  foregoing  .system  have  proved  to  be 
an  essential  element  in  the  success  of  this 
tindertaking,  since  the  general  hospital  lacks 
the  room,  equipment,  and  nursing  facilities 
which  are  called  for  by  industrial  rehabilita- 
tion cases. — L.  A.  Shaw. 

The  Treatment  op  Industrial  Accihents. 
James  B.  Kerr.  Brit.  Med.  Jour.,  Aug.  26, 
1922,  2,  377-380.— Dr.  Kerr,  surgeon  to  the 
Pilkington  Special  Hospital,  St.  Helens,  an 
institution  devoted  to  after-treatment  of  in- 
dustrial injuries  by  physiotherapeutic  meth- 
ods, read  this  paper  before  the  British  Medi- 
cal Association.  As  this  hospital  is  prob- 
ably the  largest  and  best  equipped  of  any 
in  the  country  for  its  particular  purpose, 
the  views  expressed  are  not  only  interest- 
ing in  themselves  but  are  particularly  so 
on  account  of  the  author's  extensive  practical 
expei'ience.  He  expresses  a  high  opinion  of 
fii-st-aid  and  ambulance  methods  and  of  the 
universal  availability  of  well-equipped  hos- 
pitals for  early  treatment,  but  considers  that 
the  latter  could  never  supply  the  needs  for 
specialized  after-treatment.  The  variety  and 
severity  of  factory  accidents  bear  close  com- 
parison with  those  of  modern  wai-fare,  and 
the  treatments  which  have  proved  to  be  of 
greatest  value  to  the  victims  of  the  latter 
should  be  available  for  any  requisite  period 
for  those  suffering  from  industrial  injuries. 

Dr.  Kerr  explains  at  some  length  the  course 
of  treatment  at  this  institution.  The  doctor 
referring  the  case,  and  probably  the  doctor 
acting  for  the  employer  or  insurance  com- 
pany, supply  the  necessary  preliminary  in- 
formation in  reports.  The  examination 
includes  a  detailed  measurement  of  the  range 
of  movement  of  each  joint,  including  phalan- 
geal ;  the  state  of  any  nerve  lesion  is  carefully 
investigated ;  stereoscopic  X-ray  photographs 


184 


THE   JOURNAL   OF   INDUSTRIAL   HYGIENE 


are  taken  as  well  as  frequent  ordinary  photo- 
graphs and  plaster  casts  for  purposes  of 
comparison.  Where  any  operative  measures 
are  found  necessary  as  a  preliminary  to 
special  treatment  these  are  carried  out.  The 
equipment  includes  a  hall  for  mechano- 
therapy fitted  up.  with  appliances  for  helping 
the  movements  of  stiff  joints  and  the  develop- 
ment and  re-education  of  injured  muscles. 
All  these  mechanisms  are  finely  poised  and 
are  capable  of  delicate  and  gradual  adjust- 
ments to  suit  individual  cases.  The  hall  for 
hydrotherapy  contains  a  warm  pool,  36  feet 
long  by  20  feet  broad,  maintained  at  a  tem- 
perature  of   98°F.   and  kept  in   a  state   of 


turbulence  by  forcing  in  great  volumes  of 
compressed  <"ir  through  orifices  in  side  pipes. 
There  are  lounge  seats  for  helpless  pa- 
tients. This  hydro  massage  has  been  found 
very  useful  in  encouraging  active  movements 
in  hip  and  shoulder  joints.  An  adjoining 
room  contains  an  ample  supply  of  multiple 
baths  for  arms  and  legs.  In  the  thermothera- 
peutic  department  there  are  asbestos-lined 
cabinets  for  enclosing  the  parts  under  treat- 
ment, these  being  supplied  with  hot  com- 
pressed air,  at  a  temperature  of  250°  to 
300°  F.,  through  regulated  electric  heaters. 
There  is  also  a  room  for  electrotherapy. — 
W.  F.  Dearden. 
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The  Scope  of  the  Problem  op  Industrial 
Hygiene.  Alice  Hamilton.  U.  S.  Pub.  Health 
Ser.,  Pub.  Health  Rep.,  Oct.  20,  1922,  37,  No. 
42,  2604-2608.— The  fields  which  have  been 
surveyed  in  the  United  States  include  certain 
of  the  poisons  and  veiy  few  of  the  dusts ;  the 
organic  dusts  belong  to  a  field  still  to  be  ex- 
plored. Since  the  war,  the  use  of  benzol  in 
this  country  has  increased  enormously,  and 
benzol  is  definitely  poisonous.  Yet  a  thor- 
ough investigation  of  benzol  poisoning  in  the 
United  States  is  still  to  be  made.  Arseniu- 
retted  hydrogen  is  a  less  familiar  poison  but 
may  be  present  in  many  chemical  processes. 
Adequate  ventilation  can  remove  this  hazard. 
Emphasis  is  laid  upon  the  necessity  for  study- 
ing American  men  and  women  and  American 
industry. — B.  Cohen. 


The  Need  op  Educated  Public  Opinion  m 
Industrial  Hygiene.  Rachelle  S.  Tarros. 
U.  S.  Pub.  Health  Ser.,  Pub.  Health  Rep., 
Oct.  20,  1922,  37,  No.  42,  2636-2639.— All 
groups,  employers,  employees  and  the  neutral 
public,  need  to  be  educated  with  respect  to  the 
facts  and  ideals  of  industrial  hygiene  before 
rapid  progress  can  be  expected. 

The  Responsibility  op  the  Worker  in 
Promoting  Industrial  Hygiene.  M.  Grace 
Burnham.  U.  S.  Pub.  Health  Ser.,  Pub. 
Health  Rep.,  Oct.  20,  1922,  37,  No.  42,  2618- 
2621. — A  description  is  given  of  the  Workers' 
Health  Bureau,  which  is  a  co-operative  trade- 
union  health-research  agency.  The  plan  of 
the  bureau  is  to  gather  information  on  specific 
trades  for  trade  unions  and  to  plan  a  preven- 
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tive  industrial  health  program  to  serve  the 
worker  the  remainder  of  his  life. 

The  Responsibility  of  the  Employer  for 
THE  Health  of  the  Worker.  E.  C.  Jackson. 
U.  S.  Pub.  Health  Ser.,  Pub.  Health  Rep.,  Oct. 
20,  1922,  37,  No.  42,  2613-2618.— The  employ- 
er should  provide  suitable,  safe,  healthful 
buildings  as  work  places,  and  well-guarded 
machines  and  suitable  tools.  He  should  (1) 
see  that  all  body  and  health  hazards  are  re- 
duced to  a  minimum;  (2)  choose  intelligent 
and  sympathetic  foremen,  who  can  give  the 
■workers  the  personal  contact  so  necessary  for 
contentedness  and  efficiency;  (3)  make  an  ef- 
fort to  place  workers  at  tasks  that  suit  them 
mentally  as  well  as  physically;  and  (4)  spare 
no  effort  to  protect  the  workers  from  com- 
municable diseases.  The  prevention  of  dis- 
ease through  physical  examinations  and 
through  suitable  rest  periods  should  also  not 
be  overlooked. 

The  Functions  of  the  United  States 
Public  Health  Service  in  the  Field  of  In- 
dustrial Hygiene.  L.  R.  Thompson.  U.S. Pub. 
Health  Ser.,  Pub.  Health  Rep.,  Oct.  20,  1922, 
37,  No.  42,  2631-2636.— The  Public  Health 
Service  is  the  agency  that  can  most  econom- 
ically co-ordinate  the  practice  of  industrial 
hygiene  in  industry,  city,  state,  and  nation. 
Industrial  laws  of  different  communities  are 
different.  Which  is  the  best  code  is  a  matter 
for  investigation  best  performed  by  a  central 
federal  agency.  The  laboratory  investigation 
of  industrial  poisons  and  diseases,  and  con- 
sulting service  to  industry  are  other  fields 
for  usefulness  of  the  Public  Health  Service. 
Supervision  over  government  employees  by 
the  Public  Health  Service  for  purposes  of  de- 


tecting industrial  disease,  for  purposes  of  de- 
termining disability  compensation,  and  for 
first  aid  would  be  a  great  step  forward.  This 
phase  requires  authorization  by  law. 

Conference  of  Women's  Advisory  Coun- 
cil to  the  United  States  Public  Health 
Service  on  the  Sub.ject  of  Industrial  Hy- 
giene. U.  S.  Pub.  Health  Ser.,  Pub.  Health 
Rep.,  Oct.  20,  1922,  37,  No.  42,  2601-2644.— 
The  aim  of  this  conference  was  threefold: 
first,  that  the  various  national  organizations 
of  women  might  understand  the  work  being 
carried  on  by  the  Public  Health  Service ;  sec- 
ond, that  the  Public  Health  Service  might 
know  what  was  being  done  by  the  national 
organizations ;  and  third,  that  through  mutual 
knowledge  a  clear  understanding  of  each 
other's  aims  and  a  co-ordination  of  programs 
might  be  reached. 

Briefly,  the  plan  of  work  consists  of  inves- 
tigation of  the  amount  of  time  lost  by  ill- 
nesses; classes  of  diseases  prevalent  among 
employees ;  the  connection  between  certain  oc- 
cupational groups  and  certain  diseases;  and 
the  underlying  cause  of  work  processes  which 
contribute  to  the  diseases. 

It  consists  further  of  the  study  of  compen- 
sation paid  to  government  emploj'ees,  includ- 
ing (a)  a  comparison  of  the  amounts  of  com- 
pensation paid  in  different  bureaus  of  the 
government  per  thousand  employees;  (6)  a 
study  of  the  diseases  or  injuries  for  which 
compensation  is  paid;  and  (c)  a  study  of  the 
work  processes  in  different  bureaus  and  their 
special  relation  to  compensable  disability. 

Lastly,  it  consists  of  an  establishment  of  dis- 
pensaries for  emergency  treatment,  and  the 
treatment  of  beneficiaries  of  the  United  States 
Emploj'ees'  Compensation  Commission. 


POISONOUS  HAZARDS  AND    THEIR  EFFECTS:    GASES, 
CHEMICALS,  ETC. 


Studies  in  Carbon  .Monoxide  Asphyxia.. 
II.  The  Growth  of  Neuroblast  in  the 
Presence  op  Carbon  Monoxide.  H.  W.  Hag- 
gard. Abstracted  as  follows  from  Am.  Jour. 
Physiol.,  1922,  60,  244,  in  Med.  Science,  Oct., 
1922,  7,  No.  1,  70. — By  experiments  on  in 
vitro  cultures  it  was  shown  that  carbon 
monoxide  by  itself  has  no  ill  effect  upon  grow- 
ing nerve-cells,  even  in  concentrations  of  79 


per  cent.  It  is  in  this  respect  as  neutral  as 
nitrogen.  Its  toxic  action  on  the  body  as  a 
whole  is  due  solely  to  the  asphyxia  resulting 
from  its  combination  with  hemoglobin.  Illu- 
minating gas,  however,  contains,  in  addition 
to  carbon  monoxide,  another  toxic  substance, 
for  it  is  toxic  to  neuroblast  cultures  in  con- 
centration of  as  little  as  0.1  per  cent. 

It  is  specially  stated  that  this  observation  is 
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not  to  be  interpreted  as  weighing  against  the 
view  that  the  toxicity  of  illuminating  gas  on 
the  entire  organism  is  due  to  the  carbon 
monoxide  and  the  asphyxia  which  it  produces. 

Suffocating  Gases  and  their  Antidotes. 
C.  J.  Van  Nieuwenhurg.  Abstracted  from 
Chem.  Weekbl.,  1922,  19,  326-333,  in  Chem. 
Abstr.,  Oct.  20,  1922,  16,  No.  20,  3518.— 
Nieuwenbiirg  reviews  the  development  of  the 
manufacture  of  suffocating  gases  and  of  pro- 
tective masks,  and  explains  their  application 
during  the  war. 


The  Rate  of  Absorption  of  Poisonous 
Amounts  of  Carbon  Monoxide  by  the  Bixx)d. 
A.  P.  Vale.  Tr.  Inst.  Min.  Eng.,  1922,  63, 
417-422.— The  author,  working  at  the  Bir- 
mingham Mining  Efisearch  Laboratory,  sub- 
jected himself  to  the  influence  of  measured 
amounts  of  carbon  monoxide  in  a  closed  cham- 

■  ber.  Two  sets  of  experiments  were  carried 
out :  one  in  which  the  subject  was  at  rest ;  the 
other  in  which  5,000  foot-pounds  of  work  per 

.  minute  were  carried  out  on  a  Martin's  er- 
gometer.    The  conclusions  were : 

1.  Where  no  work  is  undertaken  in  atmos- 
pheres containing  carbon  monoxide  up  to 
0.114  per  cent,  a  maximum  of  50  per  cent,  of 
the  amount  inhaled  will  be  absorbed. 

2.  Where  work  is  undertaken,  owing  to  the 
increased  frequency  of  respiration,  the  actual 
amount  of  carbon  monoxide  absorbed  may  be 
from  two  to  four  times  as  much  as  when  at 
rest. 

It  follows  that  no  one  should  go  into  a  sus- 
pected atmosphere  unless  accompanied  by  a 
small  warm-blooded  animal,  preferably  a  lin- 
net. A  mouse  or  bird  at  rest  absorbs  carbon 
monoxide  fifteen  times  faster  than  a  man  at 
rest.  In  rescue  work  the  man  is  working,  the 
animal  resting.  The  factor  of  safety  will  be 
reduced  by  one  fourth  and  when  the  animal 
collapses  the  explorer  should  return  at  once. 

Later  Effects  op  Gas  Poisoning.  T.  W. 
Sandall.  Abstracted  as  follows  from  Lancet, 
Oct.  21,  1922,  203,  No.  5173,  856,  in  Jour.  Am. 
Med.  Assn.,  Nov.  25,  1922,  79,  No.  22,  1882.— 
In  nearly  half  the  cases  (46  per  cent.)  investi- 
gated by  Sandall  there  is  evidence  of  em- 
physema or  chronic  bronchitis  or  both.  In 
his  opinion  pulmonary  tuberculosis  is  not  a 


common  effect  of  gas  poisoning,  and  certainly 
not  one  of  its  later  effects.  In  nearly  half  the 
cases  (45  per  cent.)  there  is  definite  tachy- 
cardia. In  85  per  cent,  of  these  tachycardia 
cases  no  sign  of  anything  abnormal  was  found 
on  examination  of  the  heart.  The  persistence 
of  gastric  symptoms  raises  the  question  of 
organic  or  functional  causation.  Another  in- 
teresting point  is  the  pain  in  the  chest  of 
which  complaint  is  so  frequently  made.  Is 
such  pain  any  evidence  of  myocardial  involve- 
ment, or  is  this  also  merely  a  functional  mani- 
festation? With  reference  to  prognosis,  more 
especially  in  those  cases  in  which  physical 
signs  are  absent  or  very  indefinite,  Sandall 
asks,  does  the  element  of  "pension"  operate 
as  a  factor  in  the  causation  or  continuance  of 
symptoms  ? 


A  Case  of  Paralysis  of  Axillary  Nerve 
as  the  Result  of  Carbon  Monoxide  Poison- 
ing. Ernst  Mendel.  Klin.  Wchnschr.,  April 
1,  1922,  1,  No.  14,  685.— Dr.  Mendel  reports  a 
case  of  paralysis  of  the  left  axillary  nerve  in 
a  young  married  woman  brought  to  the  hos- 
pital in  coma  from  carbon  monoxide  poison- 
ing. Movement  of  the  left  arm  was  normal 
after  resuscitation,  but  in  several  days  weak- 
ness developed  as  a  result  of  paralysis  of  the 
middle  deltoideus.  There  was  no  local  ten- 
derness and  galvanic  reactions  were  normal. 
After  six  weeks  of  treatment  with  electro- 
therapy and  hydrotherapy,  movement  was 
again  normal.  In  the  author's  opinion  the 
paraly.sis  is  a  purely  toxic  one. — J.  W.  S. 
Bradv. 


Chronic  Carbon  Monoxide  Amblyopia. 
Henry  M.  Thompson.  Colo.  Med.,  July,  1922, 
19,  No.  7,  145-147. — This  article  presents  a 
confused  idea  concerning  the  action  of  carbon 
monoxide.  A  short  general  discussion  is  fol- 
lowed by  the  report  of  a  case  of  impaired 
vision  in  a  garage  worker.  Several  inaccurate 
statements  occur,  as,  for  example,  that  4  per 
cent,  carbon  monoxide  is  fatal  to  man  in  an 
hour  (this  is  ten  times  the  fatal  dose) ;  also, 
that  carbon  monoxide  forms  a  reasonably  sta- 
ble compound  with  hemoglobin.  Physiolo- 
gists well  know  that  this  compound  is  not 
stable  and  that  oxygen  replaces  the  attached 
carbon  monoxide  in  accordance  with  known 
physical  laws  when  the  patient  breathes  fresh 
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air.  In  the  case  reported  it  is  pure  assump- 
tion to  state  that  carbon  monoxide  was  the 
cause  of  the  impairment  of  vision. — H.  S. 
Forbes. 

Tests  of  Gas  Masks  and  Respirators  for 
Protection  from  Locomotive  Smoke  in  Rail- 
road Tunnels,  with  Analyses  of  Tunnel 
Atmospheres.  A.  C.  Fieldner,  S.  H.  Katz, 
and  S.  P.  Kinney.  U.  S.  Bur.  Mines,  Tech. 
Paper  292,  April,  1922.— It  is  shown  that  the 
objectionable  or  dangerous  constituents  of 
locomotive  stack  gases  are  carbon  monoxide 
and  sulphur  dioxide  which,  coupled  with  the 
high  temperature  and  high  relative  humidity 
frequently  encountered  in  tunnels,  often  cause 
serious  consequences  and  even  fatalities. 

Samples  of  tunnel  air  were  taken  under  the 
most  severe  working  conditions  to  which  en- 
gineers and  firemen  are  often  subjected.  The 
analyses  showed  that  carbon  monoxide  in  one 
instance  reached  a  figure  of  0.12  per  cent.,  at 
•which  it  caused  marked  discomfort  but  was 
not  dangerous  when  breathed  for  only  a  short 
time. 

Sulphur  dioxide  was  found  in  one  instance 
to  be  as  high  as  110  pai'ts  per  million,  but  was 


usually  found  in  smaller  quantities.  Because 
temperatures  as  high  as  131°  F.  were  found 
in  the  cabs  of  locomotives,  the  authors  suggest 
that  these  temperatures,  together  with  the 
exhaust  steam  from  the  locomotives,  may  have 
been  the  cause  of  frequent  accidents  due  to 
inadequate  tunnel  ventilation. 

The  authors,  a  number  of  engineers,  fire- 
men, and  trackworkers,  tested  several  types 
of  gas  masks.  Men  doing  vigorous  work 
seemed  to  favor  the  light  gas  masks  with  can- 
isters of  about  one-fourth  the  capacity  of  the 
canisters  in  the  usual  army  gas  mask.  For 
absorbents  the  canisters  were  provided  with 
charcoal  and  soda-lime  which  gave  adequate 
protection  against  sulphur  dioxide  and  smoke. 
For  tunnels  in  which  a  high  carbon-monoxide 
content  is  feared  the  authors  suggest  the  use 
of  canisters  containing  hopcalite,  a  mixture 
of  the  oxides  of  manganese,  copper,  silver, 
and  cobalt.  Either  electric  locomotives  or 
forced  ventilation  are  suggested  as  the  most 
effective  cure  for  the  extreme  conditions  occa- 
sionally encountered. 

Several  illustrations  and  drawings  of  gas 
masks  are  included  in  the  paper,  and  a  bibli- 
ography is  appended. — Philip  Drinker. 


DUST  HAZARDS  AND  THEIR  EFFECTS 


Atmospheric  Dust.  J.  S.  Owens.  Jour. 
Soc.  Chem.  Indust.,  Oct.  31,  1922,  41,  No.  20, 
438R-443R.— This  paper,  read  before  the 
chemical  section  of  the  British  Association  at 
Hull,  is  a  discussion  of  atmospheric  dust  from 
the  standpoint  of  meteorology.  The  author 
deals  principally  with  dust  in  its  relation  to 
atmospheric  pollution,  the  cause  of  hazes, 
fogs,  etc. ;  he  furnishes  data  obtained  by  the 
use  of  his  instrument  (to  be  described  in  an 
early  issue  of  this  Journal)  regarding  the 
size  and  identification  of  both  soluble  and  in- 
soluble dusts  of  which  the  particles  are  less 


than  1  micron.  The  usual  size  of  fog  par- 
ticles (soot)  was  found  to  be  about  0.5  mi- 
cron. Data  indicate  that  volcanic  dust  is  a 
probable  cause  of  haze  in  certain  localities, 
and  show  the  distances  through  which  vol- 
canic dust  has  traveled.  The  author  suggests 
using  his  instrument  for  calibrating  the  effi- 
ciency of  air  washers  but  gives  no  data  re- 
garding its  use  therefor.  Because  of  its  sensi- 
tiveness this  instrument  is  poorlj^  adapted  to 
counting  particles  of  appreciable  weight  in 
volumes  of  air. — Philip  Drinker. 


OCCUPATIONAL  INFECTIOUS  DISEASES:    OCCURRENCE, 
TREATMENT  AND  PREVENTION 


Annual  Report  for  the  Year  1921  of  the 
South  African  Institute  for  JIedical  Re- 
search.— This  report  contains  a  summary  of 
the  work  carried  out  during  the  past  year. 
Particular  attention  may  be  drawn  to  further 
inquiries  into  infective  silicosis: 


Animals  that  had  been  exposed  to  dust  of 
coal  or  silica  were  given  intraperitoneal  in- 
oculations of  the  bacillus  tuberculosis,  as  to 
one  series,  and  intratracheal  injections  of 
streptococci  and  pneumoeocci  as  to  another. 
Control  animals  that  had  not  been  exposed  to 
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dust  were  given  corresponding  inoculations 
or  injections. 

The  animals  that  had  been  exposed  to  coal 
and  then  inoculated  with  bacillus  tubercu- 
losis all  died  of  generalized  caseous  tubercu- 
losis, the  lungs  being  grossly  involved.  Ob- 
servers have  recorded  that  animals  that  have 
been  exposed  to  coal  dust  and  then  inoculated 
with  bacillus  tuberculosis  die  of  tuberculosis 
but  that  the  lungs  escape.  The  animals  sub- 
jected to  intratracheal  injections  of  strepto- 
eocci  or  pneumococci  after  exposure  to  inha- 
lations of  coal  dust  either  died  of  pneumonia 
within  forty-eight  hours  or  recovered  com- 
pletely. The  results  were  similar  to  those  in 
the  controls  in  both  cases. 

The  animals  that  had  been  exposed  to  inha- 
lations of  silica  dust  and  then  inoculated  with 
bacillus  tuberculosis  reproduced  miners' 
phthisis  very  closely.  They  died  of  tubercu- 
losis, with  bulkj'  lungs,  thick  pleurae,  and 
well-marked  fibrosis;  the  tuberculous  lesions, 
however,  were  generalized  throughout  the 
body.  Perhaps  the  most  striking  feature  was 
the  rapid  development  of  fibrosis.  In  animals 
that  have  been  merely  exposed  to  the  inhala- 
tion of  silica  dust  the  fibrosis  is  not  detectable 
until  about  seven  months  after  commence- 
ment of  exposure,  but  if  a  tuberculous  infec- 
tion is  added  fibrosis  can  be  detected  within 
five  weeks,  and  is  far  more  marked  at  death 
than  in  animals  that  have  merely  received  a 
tuberculous  infection. 

In  the  case  of  animals  which  received  in- 
tratracheal injections  after  "dusting"  with 
silica,  three  died  within  forty-eight  hours,  and 
three  at  the  end  of  about  seven  months.  The 
latter  died  of  a  chronic,  unresolving  pneu- 
monia. 

All  the  foregoing  experiments  were  per- 
formed upon  guinea-pigs. 

A  somewhat  similar  series  was  carried  out 
with  rats,  more  especially  with  a  view  to 
learning  whether  exposure  to  silica  dust 
would  influence  the  relative  immunity  of  these 
rodents  to  tuberculosis.  The  rats  exposed  to 
coal  dust,  and  the  controls,  did  not  develop 
tuberculosis  after  inoculation.  Four  out  of 
six  rats  which  had  been  exposed  to  silica  dust 
died  of  tuberculosis  of  the  lungs,  without  tu- 
berculous  lesions   elsewhere   in   the   body. 

Anthrax.  R.  F.  Vaccarezza  et  at.  Ab- 
stracted as  follows  from  Semana  med.,  June 


29,  1922,  1,  No.  26,  1081,  in  Jour.  Am.  Med. 
Assn.,  Oct.  28,  1922,  79,  No.  18,  1557.— This 
is  the  concluding  instalment  of  this  detailed 
report  of  extensive  experience  with  treatment 
of  anthi'ax  by  specific  antiserum,  normal  beef 
serum  and  peptone.  The  writers  are  con- 
vinced that  serotherapy  is  merely  a  form  of 
protein  therapy,  and  hence  that  any  protein 
would  probably  answer  the  same  purpose. 
Peptone  is  free  from  the  disadvantages  of 
other  proteins,  and  their  tabulations  show 
that  it  is  fully  as  effectual  as  the  specific  anti- 
serum. 

The  Sebum  Treatment  op  Anthrax  Sep- 
ticaemia. Douglas  Symmers.  Ann.  Surg., 
June,  1922,  75,  No.  6,  663-667.— The  author 
points  out  that  the  pustule  of  cutaneous  an- 
thrax frequently  heals  spontaneously  if  it  is 
left  to  its  own  devices  and  not  subjected  to 
operation  or  cauterization,  either  of  which 
may  precipitate  septicemia,  which  is  almost 
always  fatal. 

The  aiithor  concludes  as  follows : 

1.  Every  anthrax  lesion  of  the  skin  or  else- 
where should  be  tentatively  regarded  as  at- 
tended by  generalized  infection  until  the  re- 
sult of  the  blood  culture  proves  the  contrary. 

2.  In  no  circumstances  is  it  justifiable  to 
tamper  with  the  anthrax  pustule.  The  only 
permissible  form  of  local  treatment  consists 
in  the  injection  at  the  periphery  of  the  pus- 
tule of  broken  doses  of  anti-anthrax  serum  at 
intervals  of  four  or  six  hours,  each  injection 
not  to  exceed  a  total  of  10  or  15  c.c.  If  this 
is  not  available,  it  is  better  to  cover  the  lesion 
with  a  bit  of  sterile  gauze  to  collect  the  se- 
cretions, but  otherwise  to  leave  it  alone. 

3.  The  best  treatment  is,  first,  to  isolate 
the  pustule  within  a  barrier  of  anti-anthrax 
serum  subcutaneously  injected  every  four 
hours;  second,  to  inject  intravenously,  at 
once,  a  sterilizing  dose  of  150  or  200  c.c.  of 
serum,  and,  third,  to  supplement  this  by  the 
intravenous  injection  of  40  c.c.  every  four  or 
eight  hours.  If  the  blood  culture  is  negative 
at  the  end  of  twenty-four  hours,  the  intra- 
venous use  of  serum  may  be  discontinued,  the 
local  injections  being  kept  up  until  the  pus- 
tule is  free  from  bacilli,  or  at  least  until  in- 
volution forms  occur  in  the  stained  films.  In 
anthrax  septicemia,  the  liberal  use  of  anti- 
anthrax  serum  intravenously,  if  commenced 
in  time,  is  capable  in  many  instances  of  steril- 
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izing  the  blood  with  astonishing  rapidity, 
and,  in  septicemic  cases,  the  routine  just  out- 
lined may  be  followed  until  the  blood  cultures 
are  negative. 

The  Place  op  Venereai^-Disease  Control 
IN  Industry.  Joseph  S.  Lawrence.  U.  S.  Pub. 
Health  Ser.,  Pub.  Health  Kep.,  Oct.  20,  1922, 
37,  Xo.  42,  2609-2613.— Venereal  disease  may 
be  slightly  more  prevalent  among  industrial 


workers  than  among  certain  other  occupa- 
tional groups.  This  increase  is  not  due  to 
their  work,  but  to  the  unsatisfactory  condi- 
tions surrounding  their  efforts  at  rest  or  rec- 
reation. The  diseases  occasion  only  slight 
economic  burden  in  loss  of  time  when  com- 
pared with  other  diseases.  Because  of  its  in- 
sidious development,  however,  syphilis  may 
be  the  cause  of  many  accidents. — B.  Cohen. 


OCCUPATIONAL    AFFECTIONS    OF  THE  SKIN  AND  SPECIAL  SENSES 


Occupational  Dermatitis.  Frederick  Gar- 
diner. Brit.  Jour.  Dermat.  and  Syph.,  Oct., 
1922,  298-320. — This  comprehensive  paper 
includes  the  earlier  work  published  by  the 
wTiter  on  this  subject,  and  also  contains  much 
new  matter.  It  reviews  621  skin  diseases  seen 
by  him  during  the  last  ten  years.  All  were 
caused  by  occupation — domestic,  trade,  agri- 
culture, etc.  The  great  bulk  of  this  material 
is  drawn  from  an  extensive,  but  generally 
speaking,  a  non-manufacturing  area.  Dis- 
cussing the  statistics  of  a  single  year  (1919) 
he  finds  that  68  per  cent,  of  all  the  cases  diag- 
nosed as  dermatitis,  or  eczema,  were  due  to 
occupation.  Under  this  heading  the  numbers 
are  as  follows : 


Occupations  No.  of  Cases 

House\vive.s    254 

General  laborers    59 

General     51 

Iron  and  steel  workers 36 

Colliery  worliers    32 

Mill  worliers   26 

Chemical  worliers   25 

Rubber  workers   24 

Bakers    16 

Painters  and  French  ix)llshers   14 

Agricultural  laborers   14 

Woodworkers    13 

Printers    12 

Butcliers   12 

Tailors    8 

Chocolate  makers    6 

Lciil her  workers    6 

Munition  workers    4 

Linoleum  workers   4 

Upholsterers    3 

Actors   1 

Instances  are  described  in  detail  of  persons 
who  have  suffered,  it  may  be  for  years,  from 
some  external  irritant.  This,  the  author  says, 
so  weakens  the  resistance  of  the  skin,  that  the 
individual   becomes  highly   susceptible   to   a 


different  agent.  Once  an  outbreak  has  been 
produced  on  a  skin,  it  becomes  sensitive  to  an 
irritant  to  which  it  was  previously  immune. 

The  whole  of  his  series  of  cases  is  minutely 
analyzed.  Separate  tables  show  the  different 
parts  of  the  body  affected,  the  ages  at  which 
onset  occurs,  duration  of  the  attacks,  seasonal 
prevalence,  effect  of  slight  alteration  in  the 
work,  and  predisposing  causes.  All  these  va- 
rious aspects  of  the  subject  are  examined  and 
illustrated  but  do  not  readily  lend  themselves 
to  abstraction.  They  supply  a  fund  of  useful 
information  which  no  clinician  can  afford  to 
ignore. 

The  outstanding  feature  of  Dr.  Gardiner's 
communication  is  that  he  has  investigated 
each  case  from  the  point  of  view  of  the  skilled 
dermatologist.  He  has  endeavored  to  find  out, 
not  only  the  direct  influence  of  the  irritant, 
but  the  role  played  by  unhealthy  states  of  the 
body,  or  of  the  skin,  in  promoting  the  onset 
of  these  troubles.  He  finds  that  lowered  vital- 
ity, such  as  that  which  follows  influenza  or 
pneumonia,  accounts  for  13.8  per  cent.  Gen- 
eral debility  arising  from  the  menopause,  old 
age,  or  an  injury  may  be  the  prelude  to  an 
outbreak.  Further  close  consideration  of  his 
cases  reveals  to  him  that  a  large  number  are 
associated  with  some  local  morbid  condition 
of  the  skin.  Of  these  the  most  common  is 
seborrhea,  with  28  per  cent.  Excessive  sweat- 
ing is  the  next  most  frequent  concomitant 
showing  27  per  cent.  This  may  result  from 
debility,  the  hot  materials  handled,  or  may 
be  due  to  some  unknown,  or  inherent  pecu- 
liarity. 

In  the  final  review  of  his  figures  he  sums  up 
these  significant  factors.  He  says  that  "77.4 
per  cent,  of  these  patients  suffered  from  a 
preceding  skin   affection,   or  general  illness. 
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.  .  .  This  percentage  is  a  very  high  one  indeed 
and  it  provides  food  for  reflection."  It  is 
certainly  true  that  an  ordinary  report  upon 
an  occupational  dermatosis  rarely  alludes  to  a 
preceding  illness,  the  texture,  or  pathological 
state  or  tendency  of  the  individual  skin.  The 
reason  is  not  far  to  seek.  The  usual  observer 
is  not  necessarily  or  even  generally  an  expert 
or  one  specially  trained  in  this  Line  of  inquiry. 
Gardiner  feels  from  this  standpoint  that  the 
professional  disorders  of  the  skin  have  been 
neglected  by  previous  investigators.  These 
considerations  urge  him  to  stress  the  great 
necessity  that  exists  for  a  much  more  thor- 
ough examination  of  candidates  for  various 
trades,  especially  where  the  applicant  is  to 
be  exposed  to  the  knovrn  skin  irritants. 
He  concludes  as  follows: 

a.  There  are  definite  occupations  which 
are  liable  to  cause  damage  to  the  skin. 

b.  Some  irritants  act  mechanically  and 
others  act  chemically. 

c.  Alterations  in  the  materials  used  may 
cause  the  development  of  a  dermatitis  in  the 
case  of  a  worker  employed  for  many  years  at 
the  same  occupation. 

d.  A  previous  dermatitis  may  subse- 
quently render  a  worker  susceptible  to  an  irri- 
tant which  he  or  she  could  previously  resist. 

e.  It  is  characteristic  of  occupational  der- 
matitis that  it  occurs  on  the  parts  exposed  to 
the  irritant;  the  majority  of  cases  occur  on 
the  hands,  and  next  in  order  of  frequency  on 
the  arms,  face,  neck,  and  lower  extremities. 

f.  Spread  may  be  from  the  irritant  itself, 
or  may  be  due  to  secondary  infection. 

g.  The  attack  may  commence  in  youth,  but 
if  not  it  is  more  common  in  persons  over  40 
years  of  age. 

h.  The  recurrent  type  is  an  exceedingly 
common  one. 

i.  Dermatitis,  in  the  case  of  a  powerful 
irritant,  may  ensue  within  a  day  or  two ; 
where  there  is  hyperidrosis  it  is  likely  to  ap- 
pear within  a  few  weeks ;  where  there  is  sebor- 
rhea there  is  a  more  gradual  breakdown, 
maybe  over  months  or  years;  the  largest  num- 
ber occurs  after  many  years,  owing  to  various 
causes.  ■ 

j.  Illness,  the  climacteric,  and  old  age  are 
important  points  in  the  causation  of  an  out- 
break. 

k.  Local  injury  is  also  an  important  fac- 
tor. 


1.  The  condition  of  the  skin  should  be  a 
matter  of  close  examination  in  all  applicants 
for  occupations  which  incur  liability  to  der- 
matitis.— R.  P.  White. 

The  Occupation  Dermatoses  op  the  Par- 
affin Workers  of  the  Scottish  Shale  Oil 
Industry.  Alexander  Scott.  Brit.  Med.  Jour., 
Aug.  26,  1922,  2,  No.  3217,  381-385.— Dr. 
Scott  describes  the  skin  lesions  due  to  contact 
with  oih^  paraffin  in  a  crude  or  semi-refined 
state  as  conforming  to  the  following  types,  of 
which  only  one  or  several  might  be  found  on 
the  same  individual : 

1.  Occupation   comedones. 

2.  Folliculitis   and   follicular   dermatitis. 

3.  Dermatitis  pustulare. 

4.  Dermatitis  papulare   (erythema  papulare). 

5.  Erythema  simplex. 

6.  Dermatitis  erythematosa. 

7.  Epithelioma  (paraffin  workers'  cancer). 

1.  Comedones  occurred  in  parts  exposed 
to  contact,  especially  over  the  flexures  and 
posterior  aspects  of  the  elbows,  upper  aspects 
of  shoulder  joints,  and  occasionally  over  the 
knees.  Their  origin  was  due  to  obstruction  of 
the  sebaceous  ducts  with  semi-solid  parafiSn 
substances,  or  to  thickening  of  the  superficial 
layers  of  the  epidermis.  They  were  larger 
than  ordinary,  more  closely  packed  together, 
and  confined  to  circumscribed  areas.  The 
outer  layers  were  pigmented  and  hardened. 
They  were  easily  expressed,  but  if  left  alone 
were  apt  to  be  followed  by  the  development  of 
sebaceous  concretions  of  a  cystic  nature,  most 
commonly  over  the  fiexures  of  the  elbows. 
There  was  not  the  ordinary  tendency  to  acne 
formation,  possibly  owing  to  the  fact  that  the 
obstructive  material  was  sterile  and  prac- 
tically antiseptic. 

2.  Folliculitis  involved  destruction  of  the 
hairs  and  hair  follicles  as  the  result  of  a  mild 
inflammatory  reaction  set  up  by  the  action  of 
shale  oils.  Occasionally  a  slight  perifollicu- 
litis occurred,  in  which  the  inflammatory  con- 
dition extended  to  the  surrounding  skin, 
which  became  slightly  raised  and  ultimately 
somewhat  indurated  and  thickened.  The 
common  sites  were  the  backs  of  the  fingers  and 
hands,  and  to  a  less  degree  the  forearms,  the 
ankles,  and  the  dorsal  aspects  of  the  toes  and 
feet,  especially  on  the  line  of  the  extensor  ten- 
dons of  the  toes.  There  was  never  any  tend- 
ency toward  suppuration  or  sloughing,  the 
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condition  described  persisting  indefinitely. 
Dryness  of  the  hands,  with  clusters  of  black 
points  on  the  backs  of  the  fingers  and  hands 
was  characteristic. 

3.  Two  types  of  pustular  dermatitis  have 
been  observed :  one,  affecting  the  hair  follicles 
of  youths  recently  commencing  work  among 
semi-refined  oily  paraffin,  in  which  the  condi- 
tion was  characterized  by  the  appearance  of 
numerous  small  pustules  over  the  anterior 
aspect  of  the  body  and  limbs;  the  other,  in 
association  with  the  typical  papular  eruption, 
due  to  the  breaking  down  of  the  papule  from 
coccal  infection. 

4.  The  papular  variety  was  by  far  the 
most  common  type  of  skin  lesion  met  with 
among  paraffin  workers  in  the  Scottish  shale 
oil  industry,  between  40  and  50  per  cent,  be- 
ing affected.  The  papules  were  known  in  the 
trade  as  "paraffin  plukes, "  and  were  most 
typical  of  an  occupational  condition  both  in 
history  and  distribution. 

The  eruption  consisted  of  small  rounded 
elevations  of  a  reddish  color,  varying  in  size 
from  that  of  a  small  peppercorn  to  that  of  a 
small  pea.  They  corresponded  in  every  way 
to  typical  papules,  being  solid,  superficial, 
rounded,  and  containing  no  fluid.  As  a  rule 
the  tops  were  convex,  but  occasionally  there 
was  a  minute  central  depression,  correspond- 
ing to  a  necrosed  hair  follicle  or  sweat  duct, 
from  which  a  tinj^  thread-like  core  could  be 
expressed  or  removed. 

The  entrance  of  the  irritant  to  the  super- 
ficial layers  of  the  skin  appeared  to  be  most 
commonly  through  the  sweat  ducts,  but  fre- 
quentty  the  hair  follicles  were  involved,  in 
which  case  they  occupied  the  center  of  the 
papule.  There  was,  as  a  rule,  no  inflamma- 
tory areola  around  the  typical  papule.  The 
condition  differed  from  other  lichenoid  erup- 
tions, in  that  there  was  no  itching  or  irrita- 
tion; the  papules  did  not  tend  to  coalesce, 
and  as  a  rule  healed  spontaneously.  The  ex- 
tent of  eruption  varied,  but  in  half  the  cases 
only  a  few  papules  were  to  be  found  and  only 
5  per  cent,  showed  a  diffuse  character. 

The  distribution  was  very  typical.  In  the 
great  majority  of  cases  it  was  confined  to  the 
forearms  and  was  most  pronounced  over  the 
ulnar  aspects.  The  palms  of  the  hands  and 
soles  of  the  feet  were  never  affected.  Approx- 
imately 75  per  cent,  of  those  affected  had  an 
eruption  on  the  hands  and  arms  only ;  20  per 


cent,  had  both  arms  and  legs  affected;  and 
about  5  per  cent,  had  some  eruption  on  the 
body,  as  well  as  on  the  arms  or  legs. 

The  earliest  appearance  of  papules  occurred 
in  from  ten  to  twelve  days  after  work  in  the 
paraffin  sheds  was  begun,  and  they  might  per- 
sist throughout  the  duration  of  employment. 
They  disappeared  a  few  weeks  after  work 
among  the  semi-refined  paraffin  had  ceased. 
Occasionally  in  old-standing  cases  the  papules, 
instead  of  healing,  assumed  a  warty  appear- 
ance. This  condition  might  spread  until  it 
assumed  the  clinical  and  pathological  features 
of  an  epitheliomatous  growth. 

5.  Mild  erythema,  in  which  the  redness 
was  distributed  uniformly  over  the  parts  af- 
fected, disappearing  on  pressure  at  first  but 
later  becoming  permanent,  was  almost  always 
limited  to  the  forearms,  but  in  exceptional 
instances  and  to  a  slight  degree  had  been  seen 
on  the  feet.  There  were  mai'ked  dryness  and 
scaliness  of  the  skin  and  frequently  a  polished 
appearance ;  irritation  was  uncommon.  The 
whole  condition  might  persist  for  years  with- 
out alteration. 

6.  Dermatitis  erythematosa  was  essen- 
tially of  a  subacute  or  chronic  type,  due  to 
the  irritant  action  of  semi-refined  paraffin 
on  the  tissues  of  the  skin  prolonged  over  a 
lengthened  period — for  years  in  practically 
every  instance.  It  represented  a  further  ex- 
tension of  erythema,  in  which  the  congestion, 
after  merging  into  a  chronic  inflammation  of 
the  various  layers  of  the  epidermis  and  cutis 
vera,  was  followed  by  induration  and,  in  the 
most  advanced  stages,  by  partial  or  complete 
destruction  of  small  areas  of  the  affected  skin. 
It  was  mostly  associated  with  the  papular 
eruption. 

In  an  advanced  stage  the  forearms  showed 
pigmented  patches,  small  white  areas  of 
atrophied  skin,  sears,  scaly  warts,  and  indu- 
rated papules.  The  condition  had  become 
less  evident  and  was  practically  confined  to 
those  who  had  been  paraffin  workers  for 
years. 

7.  Epithelioma  as  seen  in  the  Scottish  oil 
industry  occurred  in  workmen  about  or  over 
middli'  life  who  had  been  paraffin  workers 
for  long  periods  of  time.  It  usually  arose 
from  a  scaly  wart  formed  as  a  result  of  the 
chronic  dermatitis  already  described,  or  from 
an  old  papule  of  the  indurated  type.  In  the 
benign  condition  the  wart  was  somewhat  oval 
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or  circular,  about  the  size  of  a  sixpence  and 
covered  by  small  readily  removable  scales. 
As  the  epithelium  underwent  proliferation 
the  wart  increased  in  area  until  it  reached  the 
size  of  a  half  crown  and  became  raised  about 
a  quarter  of  an  inch  above  the  surface.  It 
was  then  covered  with  thick  horny  scales  and 
showed  a  tendency  to  the  formation  of  fissures 
or  abrasions,  from  which  a  serous  fluid  ex- 
uded and  formed  crusts  on  the  surface.  This 
appearance  persisted  for  several  months,  the 
area  gradually  increasing  until  the  incrusta- 
tion and  wart3^  covering  of  the  growth  event- 
ually sloughed  and  disappeared,  leaving  a 
superficial  ulcer,  from  which  serosanguineous 
fluid  exuded. 

In  an  indurated  papule  a  central  necrotic 
area  formed,  accompanied  by  the  gradual 
growth  of  the  primary  lesion  until  it  assumed 
much  larger  proportions  than  formerly  and 
had  a  central  ulcer,  surrounded  by  indurated 
edges.  The  growth  of  the  ulcer  extended  per- 
ipheralh'  and  also  in  depth,  the  edges  being 
indurated  and  undermined,  until  all  trace  of 
elevation  of  tissue  above  the  level  of  the  sur- 
rounding skin  had  disappeared,  leaving  a 
large  open  sore  with  a  base  of  red,  angry-look- 
ing granulation  tissue  which  bled  profusely  at 
the  slightest  touch. 

When  situated  on  the  scrotum,  there  was 
usually,  in  the  ulcerative  stages,  an  over- 
growth of  epithelial  tissue  forming  large  pro- 
truding masses,  giving  the  appearance  of  a 
cauliflower  excrescence,  and  bleeding  pro- 
fusely. Ultimatel}'  the  lymphatic  glands  were 
involved,  so  that  in  the  latest  stages  the  whole 
inguinal  region  was  invaded  by  a  large  ulcer- 
ating cauliflower-like  mass.  The  most  com- 
mon situation  was  the  back  of  the  hand  or  on 
the  lower  third  of  the  forearm,  but  it  did  oc- 
cur on  the  scrotum,  and  it  had  been  seen  on 
the  face ;  when  at  the  outer  or  inner  angles 
of  the  eyelids,  the  features  of  a  rodent  ulcer 
might  be  assumed.  Since  1900,  sixty-five 
cases  of  paraffin  epithelioma  had  occurred  in 
the  oil  works  of  Scottish  Oils  Limited,  nine- 
teen being  in  paraffin  workers  proper,  and 
forty-six  among  the  other  grades  of  labor. 
The  number  of  employees  being  5,000  the  can- 
cer incidence  was  approximately  1%  per  cent. 
in  twenty-two  years,  or  under  0.1  per  cent,  per 
annum.  Nineteen  cases  occurred  in  the  same 
period  among  the  200  men  employed  annually 


in  green  sheds  (paraffin  sheds  of  crude  par- 
affin department),  the  incidence  rate  of  this 
condition  was  thus  approximately  0.5  per 
cent,  per  annum.  In  the  cases  recorded  the 
ages  varied  from  37  to  79  years. 

It  was  formerly  believed  that  the  shale  it- 
self was  the  cause  of  the  dermatitis,  but  re- 
cent experiments  with  animals  have  clearly 
showed  the  oil  to  be  the  agent,  though  the 
actual  constituent  responsible  has  not  yet 
been  determined.  Dr.  Scott  gave  reasons  why 
nitrogenous  compounds,  arsenic,  or  radio-ac- 
tive substances  could  not  be  regarded  as 
causative  agents.  He  suggested  that  an  idio- 
syncrasj'  existed  toward  the  action  of  paraffin 
substances,  and  that  the  personal  element  was 
a  factor  of  some  importance  in  the  develop- 
ment of  warts  and  papules  into  epitheliomata. 

He  mentioned  the  importance  of  cleanli- 
ness as  a  prophylactic  measure  and  said  that 
while  this  had  only  slightly  diminished  the  in- 
cidence of  early  eruptions,  it  had  brought 
about  a  marked  decrease  of  the  more  chronic 
types. 

Regarding  seasonal  conditions,  the  warty 
excrescences  were  more  numerous  during  win- 
ter and  spring  than  in  summer.  Concerning 
protective  measures  there  were  adequate  fa- 
cilities for  ensuring  absolute  cleanliness  of 
bodies  and  clothing,  for  protecting  the  ex- 
posed parts,  and  for  medical  inspection  every 
three  months.  The  best  protective  applica- 
tion appeared  to  be  castor  oil,  which,  owing 
to  its  insolubility  in  paraffin,  provided  an 
impervious  covering.  No  form  of  clotliing  has 
been  found  to  withstand  the  extremely  search- 
ing and  solvent  action  of  the  paraffin  series. 

The  various  methods  of  treatment  were 
purely  local,  and  carried  out  on  ordinary 
lines.  Occupational  comedones  were  readily 
removed  by  expression;  papular  conditions 
disappeared  when  work  was  discontinued,  and 
as  a  rule  required  little  or  no  treatment ;  mild 
antiseptic  pastes,  such  as  boric  ointment,  suf- 
ficed to  prevent  septic  infection.  In  the  more 
acute  erythematous  conditions,  sedative  ap- 
plications were  of  use,  the  most  effective  be- 
ing preparations  of  ichthyol  and  lead.  These, 
as  well  as  pastes  of  zinc  oxide  and  salicylic 
acid,  were  also  useful  in  chronic  types; 
stronger  preparations  of  the  last  were  needed 
for  wartiness.  In  the  more  rapidly  prolifer- 
ative warty  conditions,  salicylic  and  chromic 
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acids  readily  removed  the  superficial  vari- 
eties, but  when  warts  extended  more  deeply 
into  the  skin  carbon  dioxide  snow  was  better. 
When  warts  or  nodules  proliferated  too  rap- 
idly, removal  by  excision  was  a  sure  treat- 
ment, and  it  was  exceptional  to  find  recur- 
rence.— W.  F.  Dearden. 

Pseudosclerosis  with  Corneal  Pigmenta- 
tion AND  A  Haze  on  the  Lens  Visible  only 
on  Oblique  Illumination,  and  Resembling 
A  Condition  Produced  by  the  Presence  of 
Copper  in  the  Eye  after  Perforating  In- 
juries. Abstracted  from  Klin.  ^Ychn.schr.. 
1922,  1,  1087,  in  Med.  Science,  Nov.,  1922,  7, 
No.  2, 148-149. — The  authors  describe  the  case 
of  a  man  of  43,  emploj-ed  in  a  brewery  and  in 
the  habit  of  drinking  daily  4  liters  of  beer 
and  of  smoking  excessively,  who,  for  six  years 
before  the  examination  now  reported,  had 
gradually  developed  tremor  of  the  head  and 


limbs.  At  the  end  of  this  period  he  presented 
a  Parkinsonian  facies  and  widespread  tremor. 
Case  findings  are  given.  Examination  of  the 
eyes  showed  the  presence  of  the  characteristic 
green-brown  pigment  ring  at  the  periphery  of 
the  cornea,  and  also  a  blue-gray  haze  on  the 
surface  of  the  lens  resembling  a  sunflower  in 
outline.  This  was  \isible  only  on  oblique  il^ 
lumination.  The  authors  point  out  that  the 
lens  condition  exactlj-  accords  with  that  de- 
scribed some  j-ears  ago  bj^  Purtscher  as  indi- 
cating the  presence  of  minute  fragments  of 
copper  in  the  eye  in  cases  of  perforating  in- 
jurj%  and  occurring  apart  from  the  presence 
of  copper  in  the  lens  itself.  Since  this  haze 
differed  from  all  other  forms  of  lenticular 
opacitj-  in  being  invisible  by  transmitted 
light,  that  is,  an  ophthalmoscopic  examina- 
tion— Purtscher  spoke  of  it  as  an  "apparent 
cataract."  The  scope  of  the  discussion  is  re- 
stricted to  German  writings  onlv. 


OCCURRENCE  AND  PREVENTION   OF  INDUSTRIAL  ACCIDENTS 


'"Accident  Prevention,"  a  Branch  op 
Welfare  Work,  II.  D.  D.  Goldingham.  In- 
dustrial Welfare,  Sept.,  1922,  4,  No.  9.— This 
is  the  second  article  of  a  series.  According 
to  the  first  article,  79.42  per  cent  of  industrial 
accidents  are  non-mechanical;  hence,  if  all 
machinery  could  be  enclosed  in  cast  iron,  a 
large  percentage  of  accidents  would  still  oc- 
cur. The  public  are  all  chance  takers.  Vari- 
ous causes  of  accidents  resulting  from  chance 
taking  are  enumerated,  and  attention  is 
drawn  to  the  importance  of  education  of  the 
human  factor.  The  author  states  that  educa- 
tion is  the  basis  of  safety.  A  table  of  the 
fifteen  most  frequent  causes  of  disability 
among  1,282  ofSce  employees  of  a  large  man- 
ufacturing company  for  one  year  is  given. — 
E.  M.  Hewitt. 

Pillarless  Electric  Miners'  Sapety 
Lamps.      Miners'    Lamps    Committee.  Iron 


and  Coal  Trades  Rev.,  July  7,  1922.— The  Sec- 
retary of  the  Mines  Department  has  approved 
the  recommendation  of  the  Miners'  Lamps 
Committee  that  pillarless  lamps  should  be 
accepted  for  the  official  test  for  use  in  coal 
mines.  The  Minei-s'  Lamps  Committee  has 
experimented  with  this  type  of  lamp  for  the 
last  two  years  and  has  come  to  the  conclusion 
that  the  lamp  is  safe  for  underground  use  and 
that  the  proportion  of  broken  glasses  is  not 
greater  than  that  of  the  ordinary  t}T)e  of 
lamp.  In  the  standard  pattern  of  safety 
lamp  the  top  of  the  glass  is  protected  by  a 
metal  plate  supported  on  pillars.  In  the  pil- 
larless type  the  lamp  glass  i's  dome  shaped 
and  uncovered.  The  light  given  is  distributed 
in  all  directions  and  is  free  from  shadows. 

The  lamp  is  greatly  appreciated  by  those 
miners  who  have  worked  with  the  lamps  dur- 
ing the  trials.  It  is  hoped  that  an  improved 
allround  illuiiiination  will  'be  obtained. 


INDUSTRIAL   PHYSIOLOGY:    NUTRITION,  METABOLISM, 
FATIGUE,  ETC. 


Effect  op  Alcohol  on  Industry.     Edgar     9. — Evidence  from  America  points  out  that 
L.  Collis.    Indust.  Welfare,  Sept.,  1922,  4,  No.     labor  turnover  is  less  under  prohibition,  and 
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that  regularity  of  attendance  is  greater.  The 
most  important  test  is  the  productivity  of  the 
workers.  Valuable  evidence  on  this  point  is 
based  on  laboratory  observations  of  effects 
on  skilled  movements  and  of  eSieiency  of  phy- 
sical effort.  Figures  with  reference  to  acci- 
dents appear  to  show  a  reduction  when  there 
is  abstinence  from  alcohol. 

Dr.  Collis  concludes  that  "industrialism  in 
so  far  as  it  has  led  to  bad  social  conditions 
and  to  bad  feeding,  and  has  caused  over  fa- 
tigue, has  conduced  to  alcoholism.  .  .  .  Al- 
coholism so  caused  has  reacted  and  is  contin- 
uing to  react  harmfully  upon  industrial  pro- 
ductivity. On  the  other  hand,  when,  owing  to 
industrial  influence,  social  conditions  have 
been  improved  .  .  .  industry  has  exert- 
ed, and  may  continue  to  exert,  a  powerful  in- 
fluence in  restraining  alcoholism  within  rea- 
sonable boimds. " — E.  M.  Hewitt. 

Tests  for  Physical  Efficiency.  W.  D. 
Eamhlxj,  G.  H.  Hunt,  L.  E.  L.  Parker,  M.  S. 
Pemhrey,  and  E.  C.  Warner.  Guy's  Hosp. 
Rep.,  Oct..  1922,  72,  No.  4,  367-385.— Just  as 
in  the  case  of  temperature  and  other  physio- 
logical processes,  experiments  gave  no  definite 
normal  for  the  pulse.  The  average  pulse  rate 
is  lower  for  heavier  individuals;  but  weight 
is  not  the  factor  so  much  as  the  relation  be- 
tween surface  and  mass.  The  pulse  of  trained 
persons  is  definitely  slower  than  that  of  the 
untrained.  In  these  tests  the  average  rate 
per  minute  for  trained  men  was  61;  for  un- 
trained, 72 ;  and  for  unfit,  81.  For  trained 
women  the  average  was  75 ;  and  for  the  un- 
trained, 84.  The  rate  varies  with  age,  slow- 
ing with  advancing  years  from  71.5  for 
trained  men  under  20  years  of  age  to  63.7  for 
those  aged  30  and  over.  A  rise  in  atmos- 
pheric temperature  is  followed  by  a  rise  in 
pulse  rate. 

The  relation  of  the  pulse  rate  at  rest  to 
that  after  exercise  was  carefully  studied.  The 
exercise  chosen  was  stepping  on  and  off  a  stool 
13  inches  high  at  fijced  rates  per  minute ;  then 
the  pulse  was  taken  every  thirty  seconds  for 
the  next  two  minutes.  The  pulse-ratio — that 
is,  the  ratio  between  the  pulse  rate  for  the 
two  minutes  immediately  following  a  given 
mild  muscular  exercise  and  the  pulse  at  rest — 
was  found  to  be  a  good  indicator  of  physical 
fitness.     Strenuous  exercise,  as,  for  instance, 


running  a  mile,  produced  in  the  fittest  men 
the  greatest  percentage  rise  in  pulse  rate  and 
afterwards  the  greatest  percentage  fall  to- 
ward the  resting  value.  A  low  resting  pulse 
rate  in  an  athlete,  giving  a  greater  range  be- 
fore the  speed  limit  of  the  heart  is  reached, 
is  a  great  advantage. — E.  L.  Collis. 

Industrial  Fatigue  and  Vocational  Se- 
lection ON  a  Basis  of  PHYsiCjiL  Inquiry. 
David  McKail.  Brit.  Med.  Jour.,  Aug.  26, 
1922,  2,  No.  3217,  351-355.— In  a  discussion 
on  this  subject  at  the  recent  Annual  Meeting 
of  the  Briti.sh  Medical  Association,  Dr.  Mc- 
Kail distinguishes  between  the  extreme  form 
of  industrial  fatigue — ^which  he  regards  as 
bordering  upon  the  pathological  and  due  to 
the  continued  toxemia  resulting  in  ultimate 
phj'sical  deterioration  but  from  which,  owing 
to  improved  conditions,  the  present  genera- 
tion cannot  be  said  to  suffer  in  any  marked 
degree — and  the  minor  form  which  is  more 
strictly  physiological.  The  effects  of  the  lat- 
ter are  mostly  subjective  and  personal  to  the 
worker,  and  are,  therefore,  not  so  easily  rec- 
ognized by  the  observer  as  the  more  severe 
type.  It  has  thus  become  necessary  to  re- 
define the  term,  which,  in  the  words  of  the 
Health  of  Munition  Workers  Committee,  now 
covers  "the  sum  of  the  results  of  activity 
which  show  themselves  in  a  diminished  ca- 
pacity for  work."  He  outlines  the  difficulties 
that  arise  in  attacking  the  problems  as  they 
exist,  and  proceeds  to  deal  with  the  relation- 
ship to  fatigue  of  (a)  the  hours  of  labor,  (6) 
other  conditions  of  employment,  and  (c) 
methods  of  work.  Accepting  the  eight-hour 
working  day,  he  outlines  the  following  alter- 
native schemes  for  dividing  the  twenty-four 
hours  into  the  most  suitable  periods  for  work, 
rest,  nourishment,  and  recreation,  stating  his 
preference  for  the  first  arrangement  as  con- 
forming more  to  established  meal  hours. 

6  a.m.  Rise,  wash  and  dress;  light  breakfast  7  a.m. 

7  to    9  A.M.  Morning  spell  of  work         8  to  10  a.m. 

9  to  10  a.m.  Breakfast  and  rest  pau.se  10  to  11  a.m. 
10  to    1p.m.  Forenoon  spell  of  work      11  to    2  p.m. 

1  to    2  P.M.  Dinner  and  rest  pause  2  to    3  p.m. 

2  to   5  p.m.  Afternoon  spell  of  work       3  to    6  p.m. 

5  to   6  p.m.  Tea  and  rest  pause  6  to    7  p.m. 

6  to  10  p.m.  Rest  and  recreation  7  to  11  p.m. 
10  to   6  a.m.  Sleep                                       11  to    7  a.m. 

Spells  of  work  should  be  normally  from 
two  to  three  hours  in  length  in  all  occupations 
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demanding  steady  application  and  attention. 
In  arduous  work  there  must  be  rest  spells  af- 
ter excessive  exertions,  and  the  latter  must 
not  be  unduly  prolonged.  Confinement  and 
want  of  variation  induce  languor  and  dull- 
ness ;  continuance  of  work  thereafter  can  only 
be  accomplished  by  the  exercise  of  superior 
or  excessive  mental  stimuli,  and  the  resulting 
fatigue  is  more  slowly  recovered  from.  In 
arduous  work  a  four-hour  spell  should  not  be 
allowed  where  labor  is  continuous. 

Definite  intervals  for  meals  must  be  pro- 
vided. For  work  starting  before  9  a.  m.,  two 
meal  periods  shovdd  be  interposed  in  the  time- 
table; few  persons  take  a  normal  amount  of 
food  in  the  morning,  and  it  is  too  long  to  work 
a  three-hour  or  a  four-hour  spell  before  again 
getting  food.  For  the  eight-hour  day  a  three- 
spell  day  is,  therefore,  recommended,  the  first 
of  two  hours,  and  two  of  three  hours  each. 
For  a  nine-hour  day,  the  first  spell  may  be 
two  and  a  half  hours,  and  the  others  three  and 
a  quarter  hours  each.  If  an  industry  can  give 
a  living  wage  on  shorter  hours  this  should  be 
done,  and  the  morning  spell  abolished. 

An  objection  to  the  7  to  9  a.  m.  spell  is  that 
it  increases  the  stoppages  and  starts,  and 
working  time  is  always  lo.st  at  those  periods. 
The  main  objection  to  the  three-period  day 
with  two  breaks  comes  from  those  who  believe 
that  after  everj-  start  there  is  a  "warming- 
up"  time  required,  and  that  the  repetition  of 
this  results  in  serious  loss  of  working  time. 


Conditions  of  employment,  especially  in 
hazardous  occupations,  should  be  good;  if 
these  conditions  cannot  be  secured,  the  indus- 
ti-y  should  be  suppressed.  Methods  of  work 
are  worthy  of  study,  in  order  to  eliminate 
waste  of  energy,  to  find  the  best  methods,  and 
to  avoid  harmful  movements. 

Vocational  selection  must  at  present  be 
limited  to  the  "don't"  department.  Young 
persons  with  certain  defects  should  not  be 
permitted  to  engage  in  specified  employments. 
— W.  F.  Dearden. 

The  Relation  of  the  Adrenals  to  Fa- 
tigue. F.  A.  Eartmann,  R.  E.  Waite,  and  E. 
F.  Powell.  Abstracted  as  follows  from  Am. 
Jour.  Physiol.,  1922,  60,  255,  in  Med.  Science, 
Oct.,  1922,  7,  No.  1,  78. — In  cats  one  adrenal 
was  removed,  the  other  was  denervated  so  that 
the  output  of  epinephrin  was  greatly  dimin- 
ished. Such  cats  often  show  a  period  of  ill 
health,  indicated  by  loss  of  appetite,  loss  of 
weight,  change  of  temperament,  weakness, 
and  sometimes  a  subnormal  temperature. 
Their  capacity  for  muscular  work  is  dimin- 
ished. Observations  on  normal  cats  doing 
muscular  work  show  that  an  increased  re- 
sistance to  fatigue  is  associated  with  an  in- 
creased output  of  adrenalin,  as  indicated  by 
the  denervated  pupil  reaction. 

Adrenalin  plays,  therefore,  an  important 
part  in  increasing  the  capacity  for  muscular 
work  and  delaying  the  onset  of  fatigue. 


HAZARDS  OF  COMPRESSED  AIR,  DIMINISHED  PRESSURE,  GENERA- 
TION AND  USE  OF  ELECTRICITY,  AND  ELECTRICAL  WELDING 


Com  pressed- Air  Illness  and  its  Engi- 
neering Importance  with  a  Report  of 
Cases  at  the  East  River  Tunnels.  Ed- 
ward Levy.  U.  S.  Bur.  Mines,  Tech.  Paper 
285,  Feb.,  1922,  pp.  48.— Compressed-air  ill- 
ness, or  caisson  disease,  is  caused  by  too  rapid 
a  decompression  after  exposure  to  high  pres- 
sures for  a  period  of  time. 

The  author  depicts  in  detail  the  engineer- 
ing, clinical,  and  physicochemical  aspects  of 
compressed-air  illness.  Statistical  data  are 
used  to  show  how  essential  slow  decompres- 
sions are.  New  York  State  regulations  are 
given  as  illustrations  of  the  necessity  of  hav- 
ing .short  labor  shifts  and  long  rest  periods 


for  men  working  under  high  pressures.  The 
paper  is  well  illustrated  and  contains  a  con- 
siderable bibliography. — ^Philip  Drinker. 

Discussion  on  the  Pathological  Changes 
Produced  in  Subjects  Rendered  Uncon- 
scious BY  Electric  Shock.  Abstracted  from 
Proc.  Roy.  Soc.  Med.,  1922,  15,  45,  in  Med. 
Science,  Oct.,  1922,  7,  No.  1,  88.— Legge  said 
that  it  was  necessary  to  find  out  whether  the 
instructions  for  the  treatment  of  persons  suf- 
fering from  electric  shock  issued  under  the 
Factory  and  Workshop  Act  were  sufficient,  in 
view  of  the  knowledge  acquired  since  the 
work  of  Prevost  and  Batelli  in  1899.    In  1918 
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Professoi-  Boruttau  attacked  the  apparent- 
death  theory  of  Jellinek,  using  the  statistics 
from  the  German  factory  inspectors'  reports, 
which  showed  that  artificial  respiration  was 
unsuccessful.  Levj'  said  that  most  observers 
agreed  that  currents  of  1,200  volts  and  over, 
if  passed  from  head  to  foot,  did  not  affect 
the  heart,  but  did  affect  it  when  passed 
through  the  thorax.  The  effect  of  shocks  from 
a  condensor  was  not  cumulative,  since  a  sin- 
gle shock  would  cause  fibrillation  if  passed 
in  at  the  exact  moment  of  the  cessation  of  the 
refractory  period.  He  referred  to  the  contin- 
uance of  respirations  after  the  heart  had 
stopped  beating.  He  believed  spontaneous 
recovery  in  man  was  not  uncommon  but  could 
not  occur  later  than  about  two  minutes  after 
the  onset  of  fibrillation.  Massage  of  the  heart 
was  a  certain  means  of  restoring  its  action, 
but  must  be  carried  out  within  five  minutes. 
If  respiration  were  paralyzed  without  the 
heart  being  affected,  then  prolonged  artificial 


respiration  was  indicated :  as  both  heart  and 
respiration  might  be  affected,  he  advised  ar- 
tificial respiration  on  the  remote  chance  of 
spontaneous  recovery  of  the  heart.  He  also 
spoke  of  disengaging  a  person  from  a  live 
wire  with  the  foot  and  not  the  hand.  Spils- 
bury  said  that  it  was  nearly  always  possible 
to  determine  the  points  of  entry  and  exit  of 
the  current  postmortem.  He  referred  to  the 
usual  postmortem  findings  and  gave  sugges- 
tions as  to  the  cause  of  death.  Mac  William 
said  he  had  found  two  modes  of  immediate 
death:  (1)  arrest  of  respiration  from  paraly- 
sis while  the  heart  continued  to  beat;  (2) 
fibrillation  of  the  ventricles.  He  referred  to 
the  relative  frequency  of  these  two  types  of 
death.  He  also  advised  artificial  respiration 
in  all  cases  and  stated  that  massage  of  the 
heart  was  also  of  great  use,  especially  if  ac- 
companied by  the  intravenous  injection  of 
drugs,  several  of  which  he  mentioned,  with 
the  dose  to  be  employed. 


INDUSTRIAL    SANITATION:    FACTORY    CONSTRUCTION,    ILLUMINA- 
TION, VENTILATION,  HEATING,  WATER  SUPPLY,  SEWAGE  DISPOSAL 


The  Measurement  op  Humidity.  Ezer 
Griffiths.  Abstracted  from  Beama,  1922,  11, 
530-537,  in  Chem.  Abstr.,  Nov.  10,  1922,  16, 
No.  21,  3573. — Griffiths  investigated  the  va- 
rious methods  of  measuring  humidity  in  con- 
nection with  a  food  research.  His  prelimin- 
ary report  is  submitted.  The  full  report  will 
be  published  as  Special  Report  8,  Nat.  Phys. 
Lab.,  London.  During  the  last  one  hundred 
years  no  fundamentally  new  method  of  hy- 
grometry  has  come  into  general  use.  The 
psychrometer  is  well  adapted  in  situations 
where  there  is  a  forced  draft  of  air.  The  dew 
point  apparatus  has  a  sound  theoretical  foun- 
dation and  can  be  easily  manipulated  at  low 
temperature.  It  is  the  most  convenient  for 
use  as  a  standard  of  reference.  An  improved 
Nat.  Phys.  Lab.  form  is  described  in  detail. 
For  everyday  use  the  hair  hygrometer  is  pre- 
ferred as  it  is  direct  reading  and  simple  in 
construction,  although  it  is  not  as  accurate 
as  the  other  two  types. 

A  New  Dew-Point  Tester.  W.  Oshvald. 
Abstracted  from  Ztschr.  f.  angew.  Chem., 
1922,  35,  443-444,  in  Chem.  Abstr.,  Nov.  10, 


1922,  16,  No.  21,  3559.— The  apparatus  is 
based  on  the  wet-and-dry  bulb  principle,  the 
thermometer  being  a  double  instrument  with 
two  scales,  one  of  which  shows  the  tempera- 
ture while  the  g.  H^O  per  cubic  meter  of  gas 
is  read  directly  from  the  other.  Directions 
for  operating  are  given. 

A  New  Carbon  Dioxide  Eecordeb.  Ab- 
stracted from  Electrician,  1922,  89,  15,  in 
Chem.  Abstr.,  Oct.  20,  1922,  16,  No.  20,  3415. 
— This  article  describes  an  electrical  resist- 
ance meter  depending  upon  the  variation  in 
thennal  conductivity  of  the  air  with  varying 
amounts  of  COo.  A  portable  non-recording 
apparatus  for  quantitative  analysis  of  CO2  in 
air  is  also  described. 

New  Apparatus  for  the  Determination 
OF  the  Carbon  Dioxide  of  the  Air.  H. 
Lundegardh.  Biochem.  Ztschr.,  1922,  131, 
109-115.— This  title  is  listed  for  the  benefit  of 
interested  readers. 

The  Kata-Thermometee  as  a  Measure  op 
Ventilation.     L.  Hill,  H.  M.   Vernon  and 
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D.  Hargood-Ash.  Abstracted  as  follows  from 
Proc.  Roy.  Soc,  1922,  93B,  198-206,  in  Chem. 
Abstr.,  Sept.  20,  1922,  16,  No.  IS,  3151-3152. 
— A  study  of  the  use  of  the  dry  kata-ther- 


mometer  to  measure  wind  velocity  and  tem- 
perature, and  of  the  wet  kata-thermomet«r 
to  measure  wind  Telocity,  temperature,  and 
evaporation. 


INDUSTRIAL   MEDICAL   SERVICE:    MEDICAL  DISPENSARIES  AND 
HOSPITALS  IN  INDUSTRIAL  PLANTS 


The  AYorks  Doctor  ix  France.  Lancet. 
Dec.  23,  1922,  203,  No.  5182,  1344-1345.— 
This  notice  re^aews  an  article  by  Prof.  Eti- 
enne  Martin  in  the  Journal  de  Medecine  de 
Lyon,  in  which  is  told  how  the  French  Min- 
istry of  Labor  during  the  war  took  steps  to 
install  industrial  phj-sicians  in  most  muni- 
tion factories.  The  workers  are  now  anxious 
to  retain  these  medical  services,  and  em- 
ployers in  large  industries  are  looking  upon 
the  works  doctor  as  a  necessity,  although  not 
a  legal  obligation. 

A  summary  is  given  of  the  services  ren- 
dered and  of  the  way  in  which  close  coopera- 
tion is  effected  between  doctor  and  employer. 
University  faculties  of  medicine  are  urged 
to  undertake  the  training  of  physicians  to  be 
expert  in  industrial  hygiene. — E.  L.  CoUis. 


Improved  Medicai.  SuPER\^sION  in  Fac- 
tories. W.  F.  Dearden.  "Welfare  Work, 
1922,  3,  No.  35.— This  article  is  written  to 
draw  attention  to  the  possibilities  of  coopera- 
tion between  the  welfare  supervisor  and  the 
certifying  surgeon.  The  section  of  the  Fac- 
tory Act  dealing  with  the  examination  of 
young  persons  for  certificates  of  fitness  is 
criticized.  It  is  pointed  out  how  arrange- 
ments may  be  made  between  the  employer 
and  certifying  factory  surgeon  and  coopera- 
tion established  between  the  welfare  super- 
visor and  the  surgeon  on  such  matters  as  the 
"following  up"  of  young  persons,  and  exten- 
sion of  the  age  limit  for  examinations,  re- 
examination of  adolescents,  and  first  aid. — 
E.  I\r.  Hewitt. 


INDUSTRIAL  HEALTH  LEGISLATION:    COURT  DECISIONS; 
WORKMEN'S  COMPENSATION  AND  INSURANCE 


The  Functions  of  the  State  in  Enforc- 
ing Industrial  Hygiene  Legislation.  Fran- 
cis D.  Patterson.  U.  S.  Pub.  Health  Ser..  Pub. 
Health  Rep.,  Oct.  20,  1922,  37,  No.  42,  2625- 
2630.— The  logical,  effective  plan  of  Penn- 
sylvania in  making  industrial  regulations  is 
first  to  call  into  consultation  both  employer 
and  employee. 

Industrial  legislation  should  include  pro- 
visions for:  (1)  care  of  the  pregnant  wage 
earner;  (2)  effective  prevention  of  child  la- 
bor; (3)  seats  for  female  employees;  (4) 
hours  of  labor  for  female  employees;  (5) 
washing  facilities  at  work  places;  (6)  eating 
facilities;  (7)  plant  cleanliness;  (8)  safe 
drinking  water  with  exclusion  of  the  common 
drinking  cup;  (9)  ventilation  and  heating; 
and  (10)  prevention  of  vocational  diseases. 
— B.  Cohen. 

Term    "In.htry"    in    Ohio    Workmen's 


Compensation  Law  Construed.  U.  S.  Pub. 
Health  Ser.,  Pub.  Health  Rep.,  Oct.  20,  1922, 
37,  No.  42,  2646. — The  supreme  court  of 
Ohio  has  decided  that  the  term  "injury"  in 
the  Workmen's  Compensation  Law  does  not 
include  diseases  contracted  in  the  course  of 
employment,  and  accordingly  holds  that 
death  from  typhoid  fever  is  not  compensable. 
The  question  of  the  compensability  of  occu- 
pational diseases  was  not  involved  in  the 
ease. — B.  Cohen. 

Majority  Report  op  the  Committee  on 
Estimating  Compensation  for  Eye  In- 
juries. Jour.  Am.  Med.  Assn.,  Nov.  25,  1922, 
79,  No.  22,  1843-1845.- This  report  deals  with 
the  computation  of  compensation  for  loss  in 
visual  efficiency  resulting  from  eye  injui'ies. 
It  contains  tables  and  illustrative  cases  indi- 
cating the  method  recommended  of  comput- 
ing compertsation. — K.  R.  Drinker. 
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GENERAL 

Physical  Defects  Discovered  in  Selec-     ej^e,  third,  12.6  per  cent. ;  and  tuberculosis, 

fourth,  9.3  per  cent. 

Of  the  individual  defects  which  were  re- 
corded most  frequently  in  the  men  examined, 
the  principal  ones  occurred  in  this  order: 
flatfoot,  11.7  per  cent.;  venereal  disease,  5.7 
per  cent. ;  hernia,  4  per  cent. ;  refractive ' 
errors  of  the  eye,  3.3  per  cent.;  organic  dis- 
ease of  the  heart,  3.1  per  cent. ;  underweight, 
3.1  per  cent.;  tuberculosis,  2.5  per  cent.;  hy- 
pertrophied  tonsils,  2.3  per  cent. ;  defective 
teeth,  1.4  per  cent. ;  mental  deficiencies,  1.2 
per  cent.- — K.  R.  Drinker. 

Health  Hazards  ix  Industry.  D.  G.  Rob- 
ertson. ]VIinistry  of  Health,  Commonwealth  of 
Australia,  Service  Pub.  No.  22,  1922.— This 
pamphlet  usefully  indicates  the  health  haz- 
ards in  industry,   the   occupations  in  which 


TivE  Drafts  Men  during  the  World  War. 
Merritte  W.  Ireland.  Jour.  Am.  Med.  Assn., 
Nov.  4,  1922,  79,  No.  19,  1579-1581.— The 
more  important  physical  causes  of  rejection 
of  drafted  men  during  the  World  War  were : 
organic  diseases  of  the  heart,  11.5  per  cent. 
of  the  total  causes  of  rejections;  tuberculosis, 
9.3  per  cent. ;  errors  of  refraction,  8.4  per 
cent.;  underweight,  7.6  per  cent.;  mental  de- 
ficiency, 4.5  per  cent. ;  hernia,  4.3  per  cent. ; 
flatfoot,  3.6  per  cent.;  defective  and  deficient 
teeth,  3.2  per  cent. ;  defective  speech  and 
hearing,  2.6  per  cent. 

Of  the  large  class  of  diseases,  the  defects 
•of  the  bones  and  organs  of  locomotion  ranked 
first,  with  17.2  per  cent,  of  the  total  causes  of 
rejections;  diseases  of  the  heart  and  blood 
vessels,  second,  15  per  cent.;  diseases  of  the 
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they  occur,  and  the  signs  and  symptoms  of  ill 
health  to  which  they  give  rise.  It  presents  a 
readable  digest  of  recent  works  on  industrial 
hygiene.  Attention  is  drawn  to  environ- 
mental influences,  such  as  air  stagnation, 
temperature  and  humidity,  dust  and  fumes; 
the  importance  of  infection  from  worker 
to  worker;  inadequate  illumination;  over- 
fatigue; abnormal  attitudes  and  over-exercise 
of  certain  parts  of  the  body. 

The  relation  of  industry  to  the  spread  of 
anthrax,  hookworm,  septic  infections,  and 
tuberculosis  is  pointed  out ;  and  modern  views 
with  regard  to  the  occurrence  and  prevention 
of  accidents  are  stated.  The  publication 
closes  with  a  valuable  and  comprehensive 
table  in  which  are  siunmarized  (1)  each  par- 
ticular hazard,  (2)  the  symptoms  or  condi- 
tion of  disease  to  look  for,  and  (3)  the  occu- 
pations which  offer  the  hazard.  This  docu- 
ment is  important  not  only  for  itself  but  as 
being  a  landmark  indicating  how  rapidly  the 
science  of  industrial  hygiene  is  spreading 
throughout  the  world. — E.  L.  Collis. 

Some  Factors  Which  Make  fob  Effi- 
ciency   AND    FOR    THE    SOCIAL    UPLIFTING    OF 

Industry.  Thomas  Oliver.  Brit.  Med.  Jour., 
Aug.  26,  1922,  2,  No.  3217,  374-377.— The 
fact  that  workers  are  physically  affected  by 
the  trade  which  they  follow  raises  the  ques- 
tion as  to  whether  they  should  periodically 
undergo  medical  examination.  Dr.  Oliver 
mentioned  three  points  of  view  from  which 
the  subject  could  be  approached:  (1)  the 
attitude  of  the  workman  concerning  his 
rights,  to  which  he  would  probably  subordi- 
nate all  questions  concerning  his  health  and 
his  industrial  future;  (2)  the  attitude  of  the 
employer;  and  (3)  the  general  medical  aspect 
of  the  question.  It  was  his  opinion  that  the 
working  men  themselves  would  not  accept 
medical  examination  on  the  lines  which  had 
hitherto  been  proposed,  and  that  it  would  be 
difficult  to  make  an  examination  compulsory, 
though  in  any  particular  factory  it  might  be 
tried  voluntarily  as  an  experiment.  Employ- 
ers also  might  raise  objections  on  the  score 
of  expense  and  teraporai'y  suspension  or  dis- 
location of  work,  though  probably  few  would 
object  to  an  entrance  medical  examination  of 
apprentices,  or  to  periodic  repetition  of  ex- 
aminations during  tlie   years   of  apprentice- 


ship, since  physical  or  other  defects  might  be 
detected,  and  the  youth  given  an  opportunity 
of  taking  up  another  occupation.  There 
would  be  advantages  to  the  youths  themselves 
if,  after  completing  their  apprenticeship  and 
having  attained  the  age  of  18  or  19,  they  were 
medically  examined  and  pronounced  fit  to 
remain  in  the  employment.  The  physical 
breakdown  in  health  of  many  young  persons 
during  the  past  j^ears  might  have  been  due 
to  the  lack  of  repetition  of  the  medical  exami- 
nation. In  the  ease  of  the  older  employees, 
the  examination  might  also  show  whether  the 
individual  was  fit  for  the  particular  work, 
and  whether  the  occupation  was  suiting  him,, 
for  men  and  women  cannot  go  on  working  for 
several  years  in  succession  without  some 
structural  changes  occurring  in  the  body,  as 
indicated  by  a  rise  of  blood  pressure,  or  by 
impairment  of  the  action  of  the  heart- 
changes  which  dietetic  and  medicinal  treat- 
ment accompanied  by  a  respite  from  work 
might  possibly  correct. 

In  the  face  of  such  facts  Dr.  Oliver  thought 
that  there  could  be  no  serious  objection  to  a 
medical  examination  of  men  who  were  taking 
up  factory  work  for  the  first  time,  and  to  a 
record  being  kept  of  the  results  of  such  an 
examination.  Though  some  sections  of  the 
labor  party  might  not  approve  of  this,  there 
are  certain  trades  in  which  a  pre-occupation 
examination  is  already  required.  While  ad- 
mitting that,  so  far  as  taking  on  "datal" 
labor  at  the  factory  gate  was  concerned,  an 
experienced  foreman  was  a  better  judge  of 
an  applicant's  special  fitness  for  the  partic- 
ular kind  of  work  than  a  doctor  could  be,  Dr. 
Oliver  considered  that  a  careful  medical  ex- 
aminer could  be  of  assistance  in  occasionally 
detecting  beneath  the  strong  frame  and  the 
healthy  appearance  of  the  workman  the  exist- 
ence of  some  serious  disease.  It  may  be 
objected  that  the  medical  examination,  by 
preventing  men  from  taking  up  certain  trades, 
will  increase  the  number  of  unemployed;  but 
opposed  to  this  is  the  fact  that  only  the  fit- 
test men  will  be  recommended  to  take  up  the 
harder  trades  and  the  less  physically  fit  sent 
to  those  which  are  less  arduous.  Is  it  likely 
that  labor  will  consent  to  such  an  assignment 
and  distribution  of  applicants  for  work? 
Men  are  neither  machines  nor  draft  animals, 
nor  is  there  the  slightest  reason  why  physical 
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fitness  should  be  thus  penalized.  Quite  apart 
from  physical  fitness  the  personality  of  the 
worker  must  be  considered,  and  it  must  be 
remembered  that  his  health  is  his  capital. 

Respecting  the  suggested  reexamination  of 
all  young  persons  employed  in  factories  at  an 
age  of  18  or  19  years,  Dr.  Oliver  instanced 
the  large  number  of  deaths  of  female  workers 
between  the  ages  of  18  and  25.  During  the 
early  years  of  employment  in  a  factory  young 
persons  ought  to  be  medically  examined,  since 
this  is  a  vulnerable  period,  particularly  of 
female  life,  as  shown  by  the  tables  of  the 
Metropolitan  Life  Insurance  Company  of 
America.  During  the  last  decade,  an  increase 
occurred  in  the  number  of  deaths  of  girls 
between  15  and  20  years  of  age.  while  other 
age-periods  showed  a  decrease ;  also  there  was 
an  increase  in  the  tuberculosis  death  rate 
amounting  to  5  per  cent,  in  adolescent  girls, 


while  the  mortality  rate  from  the  same  cause 
in  boys  of  the  same  age  decreased  25  per  cent. 
He  suggested  that,  if  a  medical  examination 
(if  the  workers  w'ere  ever  established  in  Great 
Britain,  the  health  risks  might  be  brought 
within  the  range  of  life  insurance,  and  he 
instanced  certain  American  experiences  which 
supported  such  a  scheme.  He  said  that  many 
persons  believed  to  be  quite  healthy  were 
found  to  have  physical  defects  or  diseases 
capable  of  cure  or  of  being  benefited.  In 
women,  for  example,  cancer  in  its  early  stages 
had  been  detected  and  removed,  with  the  re- 
sult that  many  of  the  women  were  alive  today. 
One  of  the  greatest  stimuli  to  industrial  ef- 
ficiency was  work ;  on  the  other  hand,  as 
causes  of  industrial  inefSciency  we  could  not 
overlook  individual  slackness,  prolonged  un- 
employment, and  frequent  strikes. — W.  P. 
Dearden. 


SYSTEMIC  OCCUPATIONAL  DISEASES:    OCCURRENCE, 

AND  PREVENTION 


TREATMENT 


Cancer  op  the  Scrotum  :  The  Etiology, 
Clinical  Pe^vtures,  and  Treatment  op  the 
Disease.  A.  H.  Southam  and  S.  R.  Wilsmi. 
Brit.  Med.  Jour.,  Nov.  18,  1922,  2,  No.  3229, 
971-973. — A  strong  doubt  as  to  whether,  un- 
der modern  industrial  conditions,  the  major- 
ity of  cases  of  epithelioma  of  the  scrotum  are 
actually  chimney  sweep's  cancer  induced 
these  two  surgeons  to  study  the  records  of  the 
patients  treated  in  the  Manchester  Royal  In- 
firmary during  the  past  twenty  years  (1902- 
1922). 

The  occupational  incidence  was  shown  to  be 
as  follows: 

Mule    spinners    G9 

Tar  and  paraffin  workers    22 

Sweeps 1 

Various  occupations   .38 

Occupations  not  stated    11 

Total    141 

These  figures  show  that  in  South  Lan- 
cashire the  incidence  of  the  disease  is  very 
pointedly  associated  \vith  two  important 
groups,  the  one  most  affected  being  workers 
engaged  in  the  staple  industry  of  cotton  spin- 
ning; and  further,  that  the  local  chimney 
sweeps  must  have  taken  seriously  to  habits  of 
cleanliness. 


The  article  contains  nothing  new  respect- 
ing the  incidence  of  cancer  among  tar  and 
paraffin  workers,  but  is  of  deep  interest  when 
it  comes  to  deal  with  "mule"  spinners.  The 
fact  that  in  a  large  proportion  of  the  cases 
from  cotton  mills  the  growth  was  situated 
on  the  left  anterior  aspect  of  the  scrotum, 
led  the  authors  to  investigate  the  exact  sig- 
nificance of  this  feature.  They  find  that  the 
"minder"  in  "piecing  up"  does  this  with  his 
left  hand,  at  the  same  time  standing  on  his 
left  leg  with  his  right  stretched  out  behind  to 
counterbalance  his  reach  over  the  mule  car- 
riage. On  the  carriage  itself,  about  3  feet 
from  the  floor,  is  a  steel  bar  running  the  whole 
length,  and  this  they  found  to  be  in  a  greasy 
state  from  the  oil  thrown  off  by  the  revolving 
spindles.  The  method  of  stance  described  has 
the  effect  of  bringing  the  left  groin  and  scro- 
tum against  the  greasy  bar  every  time  the 
operation  of  piecing  is  carried  out.  The  spin- 
ner works  in  a  shirt  and  a  pair  of  linen  trou- 
sers, which  are  washed  at  the  week-end;  an 
inspection  at  this  time  shows  a  well-marked 
oil  zone,  6  to  8  inches  in  depth,  across  the 
garment  at  a  level  corresponding  to  the  upper 
part  of  the  thighs  and  lower  abdomen.  The 
skin  in  this  region  is,  therefore,  constantly 
irritated  by  the  oil,  and  itching  and  scratch- 
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ing  result.  The  oil  in  general  use  is  said  to 
be  a  mineral  oil  of  the  paraffin  series.  An  ad- 
ditional factor  emphasized  is  that  the  spinner 
works  in  a  hot  and  humid  atmosphere  and 
perspires  freely.  The  authors  ascribe  the 
causation  of  irritation  to  friction  of  clothing, 
repeated  traumatism  of  the  body  against  the 
machine,  and  the  continuous  contact  with 
mineral  oil. 

The  lesion  commences  almost  invariably 
with  a  solitary  wart ;  this  is  on  the  left  front 
in  83  per  cent,  of  the  cases,  on  the  right  front 
in  10  per  cent.,  and  on  the  mid  line  in  6  per 
cent.  It  would  appear  that  this  wart  is  can- 
cerous from  the  beginning,  as  local  removal 
is  frequently  followed,  about  twelve  or 
eighteen  months  later,  by  malignant  deposits 
in  the  groin.  The  warty  stage  persists  for 
four  to  six  months,  the  tumor  varj-ing  in  size 
from  that  of  a  sixpence  to  that  of  a  half 
crown ;  after  this  period  the  typical  ulceration 
commences.  The  rate  of  growth  varies,  but 
the  average  time  from  onset  to  coming  into 
hospital  was  twelve  months.  Local  spread  is 
not  rapid  or  extensive :  in  only  sis  cases  was 
the  testicle  involved,  and  in  only  three  was  the 
penis  affected.  Secondary  infection  of  the 
inguinal  glands  is  common,  but  in  only  one 
case  did  the  growth  spread  to  the  peritoneum. 
Treatment  consists  in  early  removal  of  the 
growth,  together  with  the  lymphatic  glands  of 
both  groins. — 'W.  F.  Dearden. 

Experimental  Tar  Caxcer.  71.  T.  Deel- 
man.  Abstracted  as  follows  from  Xederl. 
Tijdschr.  v.  Geneesk.,  July  22,  1922,  2,  No.  4, 
334,  in  Jour.  Am.  Med.  Assn.,  Nov.  4,  1922, 
79,  No.  19,  1649-1650.— Among  the  points  em- 
pha.sized  by  Deelman  from  his  research  on 
mice  is  that  it  takes  a  certain  standard  length 
of  time  for  the  benign  proliferation  of  epi- 
thelium to  occur  in  consequence  of  repeated 
application  of  tar.  It  develops  cancer  in  time, 
but  the  interval  before  the  cancer  becomes 
manifest  varies  within  a  wide  range.  This 
suggests,  he  says,  that  the  precancerous  con- 
dition develops  according  to  a  regular  process, 
but  the  development  of  cancer  therefrom  is 
dependent  on  more  or  less  casual  circum- 
stances. The  cancer  seems  further  to  have  a 
multicellular  beginning. 

Tar  Caxcer  i.v  Mice  (Le  Cancer  du  Gou- 


dron  chez  la  Souris).  G.  Boussxj,  R.  Leroux 
and  E.  Peyre.  Presse  med.,  Dec.  9,  1922, 
1061-1065. — A  summary  is  presented  of  re- 
search in  which  over  500  white  mice  were 
anointed  with  tar.  Epitheliomata  were  pro- 
duced similar  to  those  described  by  Fibiger, 
Bang,  Murray,  and  Leiteh.  The  authors  state 
that  secondary  growths  were  rare,  and  showed 
a  predisposition  to  be  localized  in  the  lungs, 
which  is  unusual:  they  were  unable  to  graft 
the  epitheliomata  produced  on  other  mice.  In 
one  case  the  character  of  the  growth  was  epi- 
theliomatous  on  the  surface,  but  sarcomatous 
deeper  down.  Attention  is  directed  to  one 
series  of  mice:  30  per  cent,  developed  malig- 
nant timiors;  30  per  cent,  developed  benign 
tumors;  10  per  cent,  developed  tumors  which 
appeared,  but  then  regressed  and  disappeared ; 
while  10  per  cent,  were  completely  refrac- 
tory. Yet  the  mice  were  all  of  the  same 
breeding,  of  the  same  age,  often  of  the  same 
litter,  were  living  in  the  same  cage,  and  were 
treated  in  the  same  way.  These  results  point 
to  the  living  soil  (facteur  terrain)  playing  an 
important  part  not  yet  understood.  Attempts 
to  modify  the  soil  by  food  lacking  in  vitamines 
gave  no  definite  results. — E.  L.  Collis. 

The  Effect  of  Cessation  of  the  Irritant 
ox  the  De\'EL,opmext  of  Experiment.al,  Tar 
Cancer.  Archibald  Leiteh.  Brit.  Med.  Jour., 
Dec.  9,  1922,  2,  No.  3232,  1101-1103.— This 
article  by  the  director  of  the  Cancer  Hospital 
Research  Institute  (London),  details  certain 
experiments  upon  mice,  which  were  made  with 
a  view  of  determining  the  effect  on  the  devel- 
opment of  cancer  of  the  complete  cessation 
of  tar  applications  before  signs  of  malignancy 
had  developed.  Clinical  observations  in  hu- 
man cases  have  shown  that  with  removal  of 
the  irritant  some  warts  disappear,  some  re- 
main simple  for  many  years,  and  presumably 
continue  so  indefinitely,  and  some  warts  pro- 
gress to  malignancy. 

Discarding  from  consideration  the  case  of 
one  mouse  which  died  and  was  eaten  by  its 
companions,  the  first  series  of  investigations 
relates  to  fourteen  mice,  ■which,  after  from 
four  to  five  months'  local  treatment  with  tar, 
exhibited  small  warts  on  the  skin,  all  of  which 
were  definitely  considered  to  be  simple 
growths  at  this  particular  stage.  The  subse- 
quent history  shows  that  the  papillomata  dis- 
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appeared  in  five  cases,  remained  as  simple 
growths  in  three  cases,  and  became  malignant 
in  six  eases.  The  author  makes  these  deduc- 
tions: (1)  that  the  production  of  the  can- 
cerous state  is  not  necessarily  the  result  of 
the  action  of  the  irritant  on  neoplastic  as  con- 
trasted with  pre-neoplastic  tissues;  (2)  that 
the  bias  toward  malignancy  is  given  to  the 
cells  probably  during  the  pre-neoplastic  stage  ; 
and  (3)  that  the  successful  transplantation 
of  a  tumor  in  the  histologicallj-  doubtful  stage 
is  not  a  sure  proof  of  malignancy  of  the  tissue 
at  that  particular  date,  since  the  tumor,  if  left 
alone  in  its  natural  environment,  will  tend  to 
declare  itself  as  an  epithelioma. 

With  a  view  to  rendering  these  concli;sions 
more  certain  a  fui'ther  series  of  experiments 
was  undertaken ;  the  essential  condition  being 
that  in  all  the  cases  the  irritant  had  been 
suspended  before  any  neoplastic  action  had 
taken  place.  The  mice  were  painted  three 
times  weekly  for  four  or  five  months,  and 
when  this  was  stopped  there  were  twenty  mice 
with  no  visible  sign  of  neoplastic  reaction.  Of 
these,  six  remained  negative  until  they  died, 
four  developed  temporary  warts,  four  devel- 
oped simi^le  papillomata,  and  six  developed 
malignant  tumors. 

These  experiments  clearly  show  that  when 
tar  has  been  applied  repeatedly  for  a  certain 
length  of  time,  and  the  irritant  is  then  re- 
moved, tumors,  even  carcinomata,  may  make 
their  appearance  at  a  later  date.  Undoubted- 
Jy  the  irritation  produces  in  the  normal  cells 
subjected  to  its  influence  some  profound 
change,  undetectable  bj'  the  microscope,  so 
that  they  eventually  proliferate  in  an  unre- 
strained and  harmful  fashion.  The  author 
concludes  that  the  neopla.stic  response  to  an 
irritant  is  a  slow  tissue  reaction  that  exhibits 
no  defensive  property,  that  subserves  no  use- 
ful function.  The  internal  changes  in  the 
cells  in  the  earlie.st  stages  may  some  day  be 
analyzed :  at  present  they  are  quite  unknown. 
In  the  skin  epithelium  we  have  a  tissue  which 
we  have  been  taught  to  believe  is  constantly 
being  shed  and  constant^  regenerated,  and 
one  would  imagine  that  the  damaged  cells 
would  soon  be  shed,  leaving  a  new  and  healthy 
race  to  take  their  place.  Of  course  in  man 
the  processes  take  a  much  longer  time  to 
evolve. 

We  can  discover  the  minimum  duration  of 


exposure  to  a  tissue  irritant  neeessai-y  to 
produce  cancers  in  mice,  and  thus  fomi  an 
idea  of  the  length  of  the  latent  period  before 
they  are  evident;  it  is  possible  that  this  will 
varj'  with  different  agents. — W.  F.  Dearden. 

The  Production  op  Cancer  by  Specific 
Forms  of  Irritation.  J.  A.  Murray.  Brit. 
Med.  Jour.,  Dec.  9,  1922,  2,  No.  3232,  1103- 
1104. — Discussing  the  artificial  production  of 
tar  cancer  in  mice,  the  author  refers  to  the 
opinion  of  Bloch  and  Dreyfuss  that  the  active 
substance  is  contained  in  the  anthracene  frac- 
tion of  coal-tar  boiling  at  over  300° C.  In  his 
own  experiments  he  finds  that  an  extremely 
active  extract  can  be  prepared  from  tar  by 
successive  extractions  with  water,  alcohol,  and 
ether;  the  last  is  particularly  effective.  He 
applied  unaltered  tar,  alcoholic  extract,  and 
ethereal  extract  to  separate  areas  of  the  dor- 
sal skin  of  each  of  sixty  mice.  After  four 
months,  when  the  first  tumor  appeared,  fifty 
mice  survived,  and  of  these  twenty-five  pre- 
sented new  growths.  Twenty-two  of  the  lat- 
ter bore  carcinomata  at  the  sites  painted  with 
ethereal  extract,  twelve  at  the  sites  treated 
with  the  original  tar,  and  two  only  at  the 
sites  treated  with  the  alcoholic  extract. 

Another  series  of  experiments  with  tar  was 
carried  out  on  mice  which  had  previously  re- 
sponded to  tar  applications  in  other  situa- 
tions. Up  to  the  time  of  this  report,  no  sec- 
ond initiation  of  cancer  had  been  observed. 
Mice  which  had  developed  spontaneous  mam- 
mary carcinoma  had  been  similarlj^  treated 
without  success.  These  latter  experiments 
seem  to  indicate  that  the  previous  existence 
of  a  cancerous  gro\vth  may  in  some  way  hin- 
der the  production  of  a  second  primary  tu- 
mor.— W.  F.  Dearden. 

Paraffin  Cancer  and  its  Experimental 
Production.  Archibald  Leitch.  Brit.  Med. 
Jour.,  Dec.  9,  1922,  2,  No.  3232,  1104-1106.— 
The  author  first  summarizes  certain  interest- 
ing facts  brought  out  by  a  study  of  historical 
cases  occurring  in  the  Scottish  shale  oil  in- 
dustry and  in  connection  with  German  brown 
coal  distillation.  The  subjects  of  his  study 
have  been  long  exposed  to  the  action  on  the 
skin  of  crude  mineral  oils,  and  though  the 
lesions  are  referred  to  as  "paraffin  cancers," 
it  is  by  no  means  certain  that  the  particular 
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harmful  agent  in  the  oils  is  a  member  of  the 
paraffin  series ;  both  shale  and  German  brown 
coal  yield,  in  addition,  a  varied  range  of 
chemical  derivatives.  The  workers  in  the  re- 
fineries who  deal  with  solid  paraffin  or  with 
the  more  refined  oils  are  not  prone  to  der- 
matitis or  cutaneous  tumors.  Whatever  the 
chemistry  of  the  substances  may  be,  there  is 
in  crude  paraffin  oils  something  that  induces 
neoplasia.  The  skin  cancers  that  they  pro- 
duce are  all  of  an  exactly  similar  type;  they 
occur  on  sites  unusual  for  squamous  careino- 
mata  unassociated  with  definite  forms  of  irri- 
tation; they  are  frequently  multiple;  they 
are  generally  preceded'  or  accompanied  by 
warts  or  other  hyperplasias;  they  are  often 
of  a  low  degree  of  malignancy;  it  takes  sev- 
eral years  of  exposure  to  the  noxious  sub- 
stances before  they  develop — never  less  than 
ten  years  in  the  German  industry  and  prob- 
ably never  less  than  fifteen  in  the  Scottish 
oil  works.  Although  the  patients  are  usually 
of  middle  age  or  over,  it  is  a  question  perhaps 
rather  of  the  length  of  exposure  than  of  the 
age  of  the  individual.  Can  it  be  said  that 
the  substances  under  consideration  are  the 
actual  cause  of  epitheliomata  ?  The  generally 
accepted  opinion  has  been  to  regard  them  as 
mediate  or  predisposing  rather  than  as  prox- 
imate causes:  they  bring  about  such  a  patho- 
logical condition  of  the  skin  that  the  soil  is 
rendered  suitable  for  the  operation  of  some 
other  and  hitherto  mysterious  cause.  Though 
it  is  impossible  to  controvert  such  an  idea, 
the  author  thinks  that  the  success  which  has 
attended  his  efforts  to  produce  cancer  experi- 
mentally minimizes  its  cogency. 

For  the  purpose  of  his  experiments  he  ob- 
tained from  a  Scottish  oil  company  supplies 
of  four  crude  products  known  severally  as 
"green  oil,"  "blue  oil,"  "unfinished  gas  oil," 
and  "unfinislied  lubricating  oil"- — a  series 
advancing  in  purity  and  representing  in  the 
order  given  a  diminishing  content  of  solid 
paraffin.  Mice  were  used  and  painted  between 
the  shoulders  three  times  a  week  for  several 
months. 

Green  Oil. — This  product  is  Ihe  first  with 
which  workmen  come  in  contact.  A  series  of 
100  mice  was  used  and  after  one  hundred 
days  only  twenty-nine  remained  alive.  Of  the 
survivors  sixteen  never  developed  tumors, 
four  exhibited  small  warts  which  subsequently 


disappeared,  eight  developed  simple  increas- 
ing papillomata,  and  one  developed  a  malig- 
nant tumor.  The  mouse  last  mentioned  showed 
advanced  papilloma  of  doubtful  character  on 
the  surface  and  a  deeper  growth  which  proved 
to  be  a  spindle  celled  sarcoma. 

Blue  Oil. — "Workmen  at  the  presses  are  con- 
tinually in  contact  with  this  oil.  At  the  end 
of  one  hundred  days  twenty-two  mice  out  of 
100  used  were  alive,  and  of  this  number  nine 
remained  negative,  one  showed  a  temporary 
tumor,  ten  had  increasing  papillomata,  and 
two  developed  malignant  tumors.  Of  the  lat- 
ter, one  mouse  showed  two  distinct  epithelio- 
matous  growths  and  the  other  a  spindle  celled 
sarcoma  infiltrating  the  deep  muscles. 

Unfinished  Gas  Oil. — Only  one  temporary 
tumor  was  obtained  among  thirteen  mice 
which  had  survived  the  one  hundred  days. 

Unfinished  Lubricating  Oil. — Three  tumors 
were  produced  among  ten  mice  which  survived 
the  one  hundred  days,  one  developing  into  a 
typical  epithelioma. 

The  article  gives  details  respecting  the 
thirty  mice  which  survived  and  reacted.  Ow- 
ing to  the  increase  in  death  rate  after  the 
one  hundred  days,  it  was  impossible  to  say 
how  many  would  have  developed  tumors  had 
they  lived  long  enough,  or  how  many  of  the 
simple  growths  would  have  become  malignant. 
Certainly  one  animal  resisted  for  over  nine 
months.  In  many  of  the  other  papillomata 
Leitch  experienced  some  difficulty  in  form- 
ing a  judgment  of  their  benignity  or  malig- 
nancy; the  boundary  line  being  nebulous,  he 
adopted  the  convention  of  not  reckoning  a 
tumor  as  malignant,  no  matter  how  extensive 
the  heterotopy  of  epithelium  or  the  lack  of 
differentiation  of  the  cells  unless  the  pannieu- 
lus  carnosus  had  been  definitely  penetrated. 
He  did  not  use  the  method  of  transplantation 
as  a  criterion  of  malignancy  because  he  did 
not  believe  that  it  gave  any  surer,  or  even 
additional,  information  on  that  point.  The 
sections  of  the  two  sarcomata  had  been  seen 
by  several  pathologists  of  distinction  all  of 
whom  agreed  with  the  diagnosis.  Leitch  ex- 
presses the  opinion  that  the  sarcomatous  de- 
velopment, which  in  these  two  cases  occurred 
underneath  previously  existing  papillomata, 
was  probably  due  to  the  entrance  of  the  car- 
cinogenic agent  into  the  subcutaneous  connec- 
tive tissue  tlirough  small  fissures  in  the  over- 
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lying  epithelium.  Sarcomatous  formation  has 
not  been  found  in  paraffin  workers,  but  its 
observation  in  mice  is  of  interest  in  that  it 
demonstrates  that  the  same  causal  agent  may 
produce  two  such  widely  different  kinds  of 
malignant  tumors  as  epithelioma  and  sar- 
coma. Leitch  believes  that  the  results  of  the 
experiments  show  that  an  actual  causal  agent, 
in  contradistinction  to  a  predisposing  agent, 
was  dealt  with. — "W.  P.  Dearden. 

Epitheliomatous  Ulceration  in  Industry. 
T.  M.  Legge.  Brit.  Med.  Jour.,  Dec.  9,  1922, 
2,  No.  32.32,  1110-1111.— The  author  explains 
the  measures  taken  by  the  British  Government 
to  prevent  the  incidence  of  irritative  cancer 
industrially  and  to  secure  prompt  treatment 
when  it  does  arise.  When  pitch  cancer  was 
scheduled  as  an  industrial  disease  qualifying 
for  compensation  in  1907,  its  definition  was 
widened  to  include  causation  by  paraffin  and 
mineral  oil.  After  an  inquirj'  in  1911,  regu- 
lations were  issued  governing  the  manufac- 
ture of  patent  fuel  with  the  addition  of  pitch 
other  than  blast  furnace  pitch.  Blast  furnace 
pitch  had  been  excluded,  as  no  evidence  of  the 
production  of  cancer  from  its  use  could  be 
found  and  it  was  shown  to  be  of  different 
chemical  composition  from  gas  works  pitch, 
containing  neither  naphthalene  nor  anthra- 
cene. 

From  1911  to  1919  there  was  voluntary 
notification  of  cases  of  pitch  warts  and  of 
cancers  requiring  treatment,  and  these  were 
reported  upon  by  certifying  surgeons.  Infor- 
mation was  thus  received  of  158  attacks,  with 
three  deaths,  among  pitch  workers;  twelve, 
with  two  deatlis.  among  tar  workers :  and 
twelve  among  workers  in  the  shale  oil  indus- 
try. 

In  January,  1920,  epitheliomatous  ulcera- 
tion occurring  industrially  was,  by  order  of 
the  Secretary  of  State,  added  to  the  list  of 
notifiable  occupational  diseases  and  poison- 
ings. Preceding  June  30  of  the  current  year, 
ninety-five  attacks  had  been  notified  and  in- 
vestigated, sixty-six  being  among  pitch  work- 
ers, twenty-one  among  tar  workers,  and  eight 
among  paraffin  workers.  The  actual  number 
affected  was  eighty-nine,  there  being  single 
recurrence  in  four  eases  and  double  recur- 
rence in  one  case.  Fifty-eight  of  the  sufferers 
were  between  40  and  60  years  of  age ;  twenty- 
seven  had  worked  from  twenty  to  thirty  years, 


and  seventeen  between  thirty  and  forty  years 
at  their  employment;  the  scrotum,  face,  fore- 
arms and  hands  were  the  main  sites  of  the 
disease.  A  table  is  given  stating  the  specific 
occupations  of  those  affected.  '  The  total  num- 
ber engaged  in  the  patent  fuel  industry  is 
given  at  2,500,  but  the  number  in  the  tar- 
distilling  industry  is  not  yet  known.  The 
number  engaged  in  paraffin  refineries  of  shale 
oil  works  is  200,  but  the  number  of  retort  men 
is  not  available. 

In  1919  the  trade  unions  in  South  Wales 
asked  for  voluntary  medical  examinations  in 
order  to  prevent  pitch  warts  from  becoming 
inoperable;  this  was  arranged  for  those  over 
30  years  of  age,  who  had  been  employed  over 
ten  years  (this  included  about  20  per  cent. 
of  the  workers).  It  is  now  possible  for  any 
workman  to  consult  Dr.  Scholberg,  the  pathol- 
ogist of  the  Cardiff  Royal  Infirmary,  or  Dr. 
Sladden  of  the  Swansea  Infirmary. 

No  case  of  aniline  tumors  of  the  bladder 
had  been  reported.  Although  since  January, 
1920,  175  cases  of  chrome  ulceration  had  been 
notified,  in  none  of  these  was  there  any  sug- 
gestion of  epithelioma. — W.  F.  Dearden. 

RESPIRATORY  SYSTEM 

Acute  Suffocative  Edema  of  Lungs.  W. 
J.  Tyson.  Abstracted  as  follows  from  Lancet, 
Oct.  21,  1922,  203,  No.  5173,  859,  in  Jour.  Am. 
Med.  Assn.,  Nov.  25,  1922,  79,  No.  22,  1882.— 
Tyson  asserts  that  these  are  really  cases  of 
aborted  pneumonia,  in  which  the  congestive 
stage  is  fullj'  developed  and  then  the  disease 
stops,  being  relieved  by  the  escape  of  the  col- 
lected serum,  to  end  either  in  rapid  recovery 
or  in  rapid  death.  The  consolidation  of  the 
lung  is  not  often  demonstrated,  but  the  signs 
of  acute  congestion  are  present.  In  his  case, 
which  is  cited,  only  one  lung  was  attacked, 
and  herpes  on  the  lips  was  present,  both 
sj'mptoms  suggesting  a  pneumonic  origin.  In- 
fluenza seems  to  favor  this  condition,  being 
tlie  starting  point  of  the  pneumonia  in  two 
or  three  eases  recorded — in  Tyson's  case  an 
influenza  epidemic  was  present  in  the  district 
where  the  patient  lived.  Immediate  venesec- 
tion is  the  treatment  generally  recommended, 
together  with  outward  applications,  such  as 
wet  cupping  and  mustard  plasters.  Morphin, 
iodids,  or  blisters  should  not  be  used  in  the 
treatment  of  these  cases,  for  obvious  reasons. 
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POISONOUS  HAZARDS  AND   THEIR  EFFECTS:    GASES, 
CHEMICALS,  ETC. 


Carbox  Moxoxid  Poisoxixg.  M.  Nicloux. 
Abstracted  as  follows  from  Med.,  Sept.,  1922, 
3,  No.  12,  913,  in  Jour.  Am.  Med.  Assn.,  Nov. 
11,  1922,  79,  No.  20,  1722.— Nicloux  reiterates 
that  the  blood  corpuscle  is  not  injured  irrep- 
arably by  carbon  monoxide  displacing  the 
oxygen  in  the  hemoglobin,  provided  oxygen 
can  be  supplied  promptly  to  drive  out  the 
carbon  monoxide  in  turn.  The  corpuscle  asks 
nothing  better  than  to  resume  its  nonnal 
functioning  with  oxygen. 

Dangers  of  Phosphoric  and  Htdrocyaxic 
Acid  V.apors.  Jour.  Am.  j\Ied.  Assn.,  Nov.  25, 
1922,  79,  No.  22,  1863.— Dr.  Schnelleu,  med- 
ical adviser  in  a  large  match  factory,  made 
experiments  on  animals  with  the  vapors  of 
phosphoric  acid  and  hydrocyanic  acid,  with 
findings  in  perfect  accord  M'ith  those  of  Way- 
schall,  Yanote  and  Lehmann.  Hydrocyanic 
acid,  when  given  in  the  strength  of  from  0.03 
to  0.04  per  cent.,  has  no  effect  on  cats  after 
three  or  four  hours '  exposure.  As  soon  as  the 
strength  of  the  vapor  is  raised  to  0.05,  and 
the  animal  is  immersed  in  it  for  an  hour  and 
a  half,  grave  symptoms  appear,  such  as  deep 
respiration,  increased  salivation,  dilatation  of 
the  pupils,  cramp  and  vomiting.  If  the  ani- 
mal is  kept  in  this  atmosphere  for  from  two 
and  a  half  to  five  hours,  death  ensues.  If  the 
strength  of  the  vapor  is  raised  to  0.12  or  0.15 
per  cent.,  death  occurs  within  thirty  minutes, 
accompanied  by  the  foregoing  .symptoms.  In 
calculating  the  amount  of  hydrocyanic  acid 
necessary  to  destroy  life,  the  dose  is  found  to 
vary  from  1  mg.  of  the  acid  to  5  mg.  for  each 
kilogram  of  body-weight  of  the  animal.  For 
man,  it  is  calculated  that  60  mg.,  or  from  0.8 
to  1  mg.  for  each  kilogram  of  the  body-weight, 
would  be  a  minimal  lethal  dose. 

For  phosphoric  acid,  it  is  found  that  doses 
of  from  0.6  to  0.4  per  cent,  for  a  quarter  of 
an  hour  render  the  animal  quiet  (Lehmann 's 
experiments).  After  twenty  minutes'  immer- 
sion, the  saliva  is  emitted  from  the  month, 
with  vomiting,  and  feebleness  and  unsteady 
movements  are  noted.  An  immersion  lasting 
half  an  hour  causes  death.  If  the  animal  is 
allowed  to  remain  fifteen  minutes  in  the  .satu- 
rated receptacle,  it  requires  two  days  in  the 
open  air  to  recover. 


TuE  Toxicity  of  Tetraciilorethaxe. 
Frois.  Rev.  d'hyg.,  Nov.,  1922,  44,  No. 
11,  987-992. — The  author  comments  briefly 
upon  the  value  of  the  following  substances  as 
industrial  solvents:  carbon  tetrachloride,  di- 
elilorethylene,  trichlorethjlene,  tetrachlor- 
ethylene,  tetraehlorethane,  and  pentaehlore- 
tliane.  Because  of  their  noncombu.stible 
character  they  may  be  used  to  advantage  in 
the  place  of  benzine  and  carbon  disulphide. 

He  states  that  carbon  tetrachloride  in  a 
concentration  of  1.5  gm.  per  hundred  liters 
of  air  induces  narcosis,  headaches,  and  vom- 
iting. It  attacks  copper  and  zinc  in  a  humid 
atmosphere. 

Tetraehlorethane  is  the  best  solvent  for  cel- 
lulose acetate  and  it  has  extensive  uses  in  the 
manufacture  of  varnishes  and  colors  and  of 
lacquer;  in  the  rubber  industry;  in  the  ex- 
traction of  certain  alkaloids  and  of  oils;  and 
in  lithography  and  numerous  other  processes. 
He  recalls  the  cases  of  poisoning  from  tetra- 
ehlorethane which  occurred  during  the  war 
in  connection  with  the  use  of  the  chemical 
in  the  varnish  for  aeroplane  wings,  but  re- 
ports that  no  fatalities  resulted  in  France. 
One  death  occurred  in  the  case  of  a  girl  em- 
ployed in  the  manufacture  of  gas  masks,  using 
as  cement  a  solution  of  cellulose  acetate  dis- 
solved in  tetraehlorethane  mixed  with  alcohol 
denatured  with  acetone. 

Three  deaths  more  recentlj-  occurred  among 
workmen  engaged  in  the  manufacture  of  arti- 
ficial pearls,  which  in  .some  establishments  are 
coated  with  a  solution  of  fish  scales  in  tetra- 
ehlorethane. Though  the  exact  cause  of  the 
fatalities  was  not  legally  determined,  the  re- 
])orts  of  severe  jaundice  led  the  author  to 
believe  that  they  were  produced  by  tetra- 
ehlorethane, especially  that  evaporated  from 
the  pearls  in  the  course  of  drying. 

He  mentions  as  the  initial  symptoms  of 
])oisoning  headache,  dizziness,  and  vomiting. 
There  is  variation  in  susceptibility,  but 
workers  affected  even  slightly  seem  as  a  rule 
to  have  severe  attacks  if  they  are  again  ex- 
posed to  the  toxic  agent.  The  vapors  affect 
the  nerve  centers  and  the  liver.  There  are  no 
changes  in  the  blood  such  as  those  observed 
in  cases  of  jaundice  produced  by  nitro  deriv- 
atives of  benzene  and  toluene. 
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In  the  author's  opinion  general  measures 
to  promote  good  ventilation  of  the  workroom 
are  insiitBcient  and  tetraehlorethaiie  fumes 
should  be  removed  by  exhaust  near  the  points 
at  which  they  are  liberated.  He  suggests  the 
use  of  a  cage  with  glass  top  and  front,  with 
holes  for  the  arms  of  the  worker.  Downward 
exhaust,  maintained  at  low  pressure  would 
remove  the  fumes  without  causing  too  rapid 
evaporation  of  the  solvent  with  consequent 
chilling  of  the  hands  of  the  operator  and 
injur}'  to  the  pearls. — Wade  Wright. 

Methane  in  Steel  Cylinders.  J.  Bronn. 
Zentralbl.  f.  Gewerbehyg.,  June,  1922,  10,  No. 
6,  158-159. — Dr.  Bronn  discusses  a  new  pro- 
cess for  compressing  methane  into  steel  cylin- 
ders under  150  atmospheres,  which  permits 
transportation  for  industrial  uses.  On  ac- 
count of  slow  combustion  in  gas  burners,  the 
flame  tends  to  go  out,  but,  if  protected,  high 
temperatures  can  be  reached.  Methane  oxy- 
gen flame  is  used  in  welding  copper,  brass, 
and  aluminum ;  methane  is  also  used  for  mak- 
ing methyl  chloride,  methyl  alcohol,  and  for- 
maldehyde. It  is  produced  commercially  by 
coking  of  coal. 

Lelunann  considers  it  onlj'  slightly  toxic. 
Air  and  methane  mixtures,  especially  with  9 
to  10  per  cent,  of  methane,  are  explosive.  In 
the  presence  of  dust,  a  mixture  of  3  per  cent, 
methane  in  air  is  explosive. — J.  W.  S.  Brady. 

Lead  Poisoning.  Jour.  Am.  Med.  Assn., 
Nov.  25,  1922,  79,  No.  22,  1861-1862.— At  a 
recent  meeting  of  the  Academy  of  Medicine, 
Herman  touched  upon  the  problem  of  the  use 
of  white  lead.  He  regards  air-borne  lead 
poisoning  as  probable.  These  conclusions  are 
based  upon  (1)  the  presence  of  lead  in  a  disk 
of  filter  paper  placed  in  a  drier  above  a  layer 
of  white-lead  paint,  and  (2)  the  lead  reaction, 
secured  seventeen  times  out  of  twenty  with 
slips  of  filter  paper  suspended  at  various 
heights  in  a  room  freshly  painted  with  white 
lead.  Herman  stated  that  a  current  of  air 
may  carry  extremely  minute  particles  of  lead 
products,  even  after  remaining  a  long  time 
in  a  given  spot.  To  intercept  these  minute 
particles,  it  is  necessary  to  interpose  a  tam- 
pon of  cotton,  which  retains  them  in  the  felt 
of  its  fibers,  where  their  presence  can  be 
shown  by  chemical  analysis.    A  practical  con- 


clusion of  the  highest  importance  is  therefore 
imperative:  During  the  use  of  white  lead 
paints,  microscopic  droplets  containing  lead 
are  produced.  These  remain  suspended  in  the 
air  sufficiently  long  to  allow  them  to  penetrate 
the  respiratory  passages  (mouth  and  nose)  of 
the  workmen. — K.  E.  Drinker. 

Studies  op  Chronic  Intoxication  on  Al- 
bino Rats.  VI.  Lead  Carbonate.  T.  Soll- 
mann.  Abstracted  as  follows  from  Jour. 
Pharmacol,  and  Exper.  Therap.,  1922,  19,  375, 
in  Med.  Science,  Nov.,  1922,  7,  No.  2,  168-169. 
— The  author  gives  a  short  summary  of  what 
is  known  with  regard  to  lead  poisoning  in 
man  and  in  animals.  The  amount  necessary 
to  produce  intoxication  in  man  is  from  0.2 
to  0.3  mg.  per  kilo.  The  amount  is  much 
higher  for  animals.  The  experimental  work 
was  done  on  rats.  Amounts  from  0.0007  to 
0.15  mg.  per  kilo  produced  slight  but  definite 
check  of  growth  and  appetite.  The  mortality 
of  these  rats  was  high  between  nine  and 
seventeen  weeks,  owing  probably  to  lowered 
resistance.  The  whole  dose  of  lead  in  clinical 
human  plumbism  probably  begins  with  one- 
fifth  to  one-third  grain  per  kilo;  but  it  is 
seen  that  much  smaller  doses  are  not  harmless 
to  rats,  and  it  is  pointed  out  that  in  cases  of 
metallic  poisoning  there  is  probably  a  wide 
gap  between  the  amounts  which  will  produce 
definitely  poisonous  symptoms  and  those 
which  are  completely  harmless. 

Urinary  Porphyrin  in  Lead  Poisoning. 
0.  Schumm.  Abstracted  as  follows  from 
Ztschr.  f.  physiol.  Chem.,  1922,  119,  139,  in 
Med.  Science,  Nov.,  1922,  7,  No.  2,  168.— The 
spectroscopic  and  physical  properties  of  the 
porphyrin  excreted  in  the  urine  in  cases  of 
lead  poisoning  show  that  it  has  the  character- 
istics of  fecal  porphyrin  and  not  of  true 
urinary  porphyrin,  the  latter  not  being  pres- 
ent in  detectable  amounts.  If  this  be  the  case 
it  follows  that  the  porphyrinuria  of  lead 
poisoning  is  not  identical  with  that  due  to 
veronal. 

The  Risks  op  Plumbism  in  Pottery  and 
China  Manufacture  in  Sweden.  Abstracted 
from  Kungl.  Soeialstyrelsen,  Stockholm,  1922, 
pp.  28,  in  Internat.  Labour  Rev.,  Sept.,  1922, 
6,  No.  3,  455-456.— This  is  the  report  of  an 
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investigation  of  lead  poisoning  in  the  pottery 
and  eliina  trades  in  Sweden.  During  the  last 
few  years  conditions  have  improved  because 
of  the  substitution  of  insoluble  silicate  of  lead 
for  lead  oxide  in  the  glaze  used  in  manufac- 
ture. Out  of  seventy-one  persons  examined 
only  one  definite  case  of  poisoning  was 
proved,  another  had  definite  chronic  symp- 
toms, and  42  per  cent,  of  those  examined  had 
slight  symptoms  which  were  possibly  refer- 
able to  lead.  Thirty-three  per  cent,  had  baso- 
philic granules  in  the  blood  in  a  proportion 
of  over  300  to  the  million. — J.  C.  Aub. 

The  Method  of  Blojd  Examixatiox  in- 
Lead  PoisoxiXG.  G.  Seifferf.  iliinchen.  med. 
Wchnschr..  Nov.  17.  1922,  69.  No.  46,  1.595- 
1596. — This  is  a  reply  to  the  criticism  of 
Engel  upon  the  author's  method  of  staining 
for  stippling  in  unfixed  blood  smears.  Seif- 
fert  maintains  that  blood  smears  which  are 
dried  in  air  and  then  stained  with  methylene 
blue,  without  first  fixing  in  alcohol,  make  the 
search  for  stippling  easier  than  in  fixed 
smears.  The  number  of  .stippled  cells  is 
larger.  The  only  difSculty  comes  in  distin- 
guishing reticulated  cells  which  have  fainter 


granules  not  uniformly  distributed   through 
the  cell. 

A  few  stippled  cells  may  be  found  in  bloods 
of  persons  not  exposed  to  lead. — J.  C.  Aub. 

Saturnine  Asthma  :  Is  There  Such  a  ^ 
Malady?  Thomas  Oliver.  Lancet,  Oct.  28/'^ 
1922,  203,  No.  5174,  907-909.— The  question 
as  to  whether  there  is  such  a  malady  as  satur- 
nine asthma  is  discussed.  A  case  of  asthma 
is  quoted  wherein  the  patient  had  been  in  the 
habit  of  using  occasionally  a  hair-wash  which 
contained  lead  in  considerable  quantity.  A 
trace  of  lead  was  also  found  in  the  urine,  and 
the  blood  contained  a  few  punctate  baso- 
philia. The  asthmatic  attacks  improved 
whenever  the  use  of  the  hair-wash  was  dis- 
continued. The  patient,  as  might  be  ex- 
pected, showed  a  marked  intolerance  for 
iodide  of  potassium.  The  patient  also  suf- 
fered from  phthisis,  from  which  he  finally 
died.  After  discussing  the  literature  of  re- 
corded cases  and  pointing  out  that  saturnine 
asthma  in  a  lead  worker  is  exti'emely  rare, 
the  author  states  that  the  relation  of  plumb- 
ism  and   asthma  is  not   clear. — E.  L.   CoUis. 


DUST  HAZARDS  AND  THEIR  EFFECTS 


The  Efficiency  of  the  Palmer  Appar.vtus 
FOR  Explosive  Carbonaceous  Dusts.  L.  J. 
Trostel.  Jour.  Am.  Soc.  Heating  and  Yentil. 
Eng.,  Dec,  1922,  28,  No.  9,  853-858.— The 
Palmer  apparatus  was  tested  against  elevator 
dust,  corn  starch,  wheat  flour,  smut  spores, 
ground  oat  hulls,  ground  sulphur,  sugar,  co- 
coa, ground  rubber,  and  wood  flour.  All  of 
the  above  dusts  showed  pai'ticles  of  sizes 
ranging  from  5  to  150  microns.  All  were 
dried  to  constant  weight  and  only  the  por- 
tions passing  through  a  hundred  mesh  screen 
■were  used.  Samples  were  introduced  into  the 
Palmer  apparatus  by  rapping  a  tube,  the  end 
of  which  was  covered  with  a  bolting  cloth  to 
serve  as  a  screen,  as  it  was  found  impossible  to 
float  uniform  dust  clouds  of  particles  of  this 
size  by  air  currents.  The  average  efficiency 
of  the  Palmer  apparatus  for  all  of  the  above 
dusts  was  found  to  be  98.2  per  cent,  at  speeds 
of  3  to  5  cubic  feet  per  minute.  The  author's 
results  indicate  that  the  efficiency  of  the  appa- 
ratus increases  slightly  with  the  size  of  the 
samples. — Philip  Diinker. 


Silicosis  and  ^Miners'  Phtuisi.s.  W.  E. 
Gye  and  E.  H.  Kettle.  Brit.  Jour.  Exper. 
Pathol.,  Oct.,  1922,  3,  No.  5,  241.— Insoluble 
silica  and  silica  sol,  injected  subcutaneously, 
cause  a  similar  and  characteristic  lesion  con- 
sisting of  a  central  area  of  necrosis  sur- 
rounded by  a  zone  of  leucocytes;  around  this 
again  is  a  second  annular  zone  of  necrosis 
limited  by  macrophages  and  granulation  tis- 
sue. Tubercle  bacilli  proliferate  rapidly  in 
the  necrotic  areas,  a  small  dose  of  bacilli  be- 
coming a  large  dose.  In  this  way  silica  aids 
in  establishing  a  local  infection. 

1.  The  Anti-Hactericidal  Properties  op 
Colloidal  Silica.  2.  Agglutination  of 
Washed  Red  Blood-Corpuscles  by  Colloid.\Ij 
Silica.  B.  L.  Cummins.  Brit.  Jour.  Exper. 
Path.,  Oct.,  1922,  3,  No.  5,  237-240; 
260-262.  —  1.  The  relation  of  cause  and 
cfteet  existing  between  the  inhalation  of 
silica  dust  and  the  occurrence  of  pul- 
monary silicosis  in  certain  industries 
gives    interest    to    rcsearcli    which    discloses 


ABSTEACTS 


209 


the  biochemical  properties  of  silica.  Blood 
serum  is  able  to  destroy  tj'phoid  bacilli,  but 
the  addition  of  colloidal  silica  was  found  to 
preserve  the  bacteria  from  the  action  of  the 
blood.  Similarly  hemolysis  of  seusitized  red 
blood  cells  was  inhibited  by  colloidal  silica. 
Cummins  concludes  that:  (1)  Colloidal  silica 
has  the  property  of  interfering  ^vith  the  bac- 
tericidal power  of  blood  in  marked  degree. 

(2)  It  inhibits  the  action  of  "complement" 
in  a  hemolytic  mixture.  This  anti-comple- 
mentary property  is  probably  the  character 
to  which  it  owes  its  antibaetericidal  power. 

(3)  These  properties,  together  with  the  lack 
of  any  demonstrable  germicidal  power,  point 


to  colloidal  silica  as  likely  to  be  of  great  use 
in  blood  cultures  in  cases  of  bacteriemia. 

2.  Colloidal  silica  solution  to  which  suffi- 
cient salt  has  been  added  to  bring  the  mixture 
up  to  0.75  per  cent,  of  salt  brings  about  rapid 
agglutination  of  washed  red  blood  corpuscles 
and  this  re.sult  can  still  be  obtained  after  con- 
siderable dilution. 

The  flocculation  and  sedimentation  of 
washed  red  cells  by  colloidal  silica  is  to  a 
great  extent  prevented  by  the  presence  of 
concentrated  human  serum,  this  inhibition 
disappearing  as  the  serum  is  made  more  di- 
lute. The  inhibition  seems  to  depend  upon 
the  formation  of  a  gel. — B.  L.  Collis. 


OCCUPATIONAL  INFJ]CTIOUS  DISEASES:    OCCURRENCE, 
TREATMENT  AND  PREVENTION 


The  Position  of  the  Colony  in  the  Tu- 
berculosis Campaign.  S.  Tinker.  Tubercle, 
Dec,  1922,  4,  No.  3. — The  author  maintains 
that  the  municipal  workshop  offers  opportu- 
nities for  protected  labor  in  a  large  number 
of  cases,  but  that  in  rural  areas  a  co-operative_ 
system  of  marketing  the  goods  made  by  pa- 
tients at  home  is  essential.  He  considers  that 
village  settlement  is  too  expensive  a  method 
of  dealing  with  a  lai'ge  number  of  cases,  but 
holds  that  industrial  colony  life  reestablishes 
the  mental  as  well  as  the  phj^sical  well-being 
of  patients,  fostering  initiative,  and  bringing 
the  men  out  of  the  hopeless  attitude  which 
unemployment  causes,  and  that  although  in- 
itial results  ma.y  be  small,  they  will  increase 
with  time  and  experience. — E.  L.  Collis. 

Critical  Reviews.  Tubercle,  Dec,  1922,  4, 
No.  3. — The  first  review  deals  with  the  value 
of  industry  in  the  treatment  of  tuberculosis. 
Papers  published  by  E.  Troy,  Chicago,  by 
H.  R.  M.  Landis,  The  Phipps  Institute,  by 
P.  C.  Varrier-Jones,  Papworth  Settlement, 
and  by  A.  S.  McGregor,  Glasgow,  are  brought 
under  review,  and  the  conclusion  is  drawn 
that  suitable  occupation  is  of  great  value  to 
the  tuberculous  convalescent ;  it  improves  his 
mental  outlook  and  reduces  the  cost  of  treat- 
ment. Nevertheless,  the  worst  features  of  in- 
dustrial settlements  are  their  cost;  but  it  is 
safe  to  prophesy  that  they  will  survive  if  the 
good  which  they  do  is  worth  doing. 

The  second  review  deals  with  the  harm  that 


some  industries  exert  in  causing  tuberculous 
silicosis.  Recent  laboratory  research  is 
brought  under  review,  and  the  way  in  which 
it  is  conflnning  deductions  drawn  from  epi- 
demiological inquiry  is  stressed.  In  partic- 
ular, reference  is  made  to  the  work  carried 
out  by  Mavrogordato  in  South  Africa,  by 
Gye  and  Kettle,  National  Institute  of  Medical 
Research,  and  by  Cummins,  Welsh  National 
School  of  Medicine.  Each  has  been  attacking 
the  problem  from  a  different  point  of  view, 
but  each  finds  that  silica  possesses  certain 
definite  properties  not  previously  suspected 
and  not  manifested  by  other  dusts  investi- 
gated. 

Finding  and  Caring  for  the  Tuberculous 
EiiPLOTBE.  James  A.  Britton.  Nation's 
Health,  Nov.  15,  1922,  4,  No.  11,  676-677.— 
Any  plan  for  supervising  the  health  of  a 
group  of  employees  must  carry  with  it  some 
plan  of  adequate  care  of  those  found  sufi'ering 
from  disease.  Almost  anj-  plan  of  health  con- 
servation may  be  accomplished  without  too 
much  risk  by  smaller  industries  as  well  as  by 
large  industries  if  they  are  willing  to  pool 
their  health  interests.  Whatever  plan  may 
be  adopted  for  the  cure,  prevention,  or  detec- 
tion of  tuberculosis  by  the  industries,  it 
should  be  only  a  part  of  some  comprehensive 
health  supervision  scheme. — L.  A.  Shaw. 

Helping  T.  B.  Workers  to  Come  Back. 
James  A.  Britton.   Hosp.  Management,  Nov., 
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1922,  14,  No.  5,  70-71.— Intensive  study  of 
working  conditions  during  the  last  ten  years 
has  brought  out  the  fact  that  in  most  eases 
it  is  best  for  the  man  -nho  has  had  tubercu- 
losis to  return  to  his  old  work  rather  than  try 
to  learn  some  supposedly  less  dangerous  occu- 
pation. In  cases  that  are  recognized  early 
through  routine  physical  examinations  men 
can  often  remain  at  work  under  proper  super- 
vision or  resume  it  after  a  short  rest  period. 
In  moderately  advanced  cases,  60  per  cent, 
can  be  returned  to  work  after  six  to  eight 
months  of  care,  preferably  in  a  sanatorium. 
Two  thirds  of  these  will  probably  be  able  to 
resume  their  former  places,  while  the  re- 
mainder will  have  to  be  trained  for  less  exact- 
ing work.  In  advanced  cases,  a  high  rate  of 
permanent  disability — that  is,  80  to  90  per 
cent. — is  to  be  expected.  The  keeping  of  the 
early  cases  "on  the  job"  involves  great  care 
on  the  part  of  the  physician  and  of  the  per- 
sons affected.  Reeducation  of  the  tuberculous 
is  recommended  only  in  exceptional  cases. 

A  table  is  given  showing  that  out  of  everj- 
hundred  cases  coming  to  the  attention  of  the 
average  industrial  physician,  ten  are  incipi- 
ent, seventj'-five  moderate  and  fifteen  far  ad- 
vanced. Figures  are  given  showing  that  of 
the  first  group  all  but  one  could  return  to  the 
old  work  after  treatment ;  of  the  second  group, 
thirty-five;  and  of  the  third,  one.  It  is  em- 
phasized that  keeping  them  on  through 
proper  health  supervision  is  much  better  than 
getting  them  back  after  the  disease  is  con- 
tracted.— G.  N.  Thompson. 

An  Experiment  in  the  Employment  of 
Arrested  Cases  of  Pulmonary  Tubercu- 
losis, n.  R.  M.  Landis.  Am.  Rev.  Tuberc, 
June,  1922,  6,  No.  4,  253-264.— The  possibility 
of  utilizing  arrested  cases  of  tuberculosis  in 
some  form  of  industry  that  would  make  them 
altogether  or  in  part  self-supporting  sug- 
gested itself  in  1911.  During  that  year  a 
night  tuberculosis  class  was  conducted  at  the 
Phipps  Institute  for  patients  who  had  recov- 
ered from  their  acute  tuberculous  symptoms 
under  dispensary  or  class  treatment,  and  for 
returned  sanatorium  patients. 

1.  This  venture  has  shown  that  arrested 
cases  of  tuberculosis  can  be  employed  to  ad- 
vantage without  detriment  to  their  health,  if 
properly  supervised  medically. 


2.  It  is  necessary  to  delegate  to  a  business 
man  the  entire  management  of  the  commercial 
side  of  the  problem. 

3.  From  the  economic  side  the  experiment 
was  a  success.    The  deficit  was  small. 

Anthrax  in  the  Woolen  Industry,  and 
THE  Disinfection  of  Wool.  G.  Aht.  Rev. 
d'hyg-,  1922,  44,  No.  4,  305-327;  No.  5,  408- 
432. — This  article  is  a  discussion  of  the  inci- 
dence of  human  anthrax  in  France,  England, 
the  United  States,  and  certain  other  countries. 
It  deals  particularly  with  the  handling  of 
wool  and  with  the  need  for  disinfection  of 
suspected  raw  wools. 

The  article  is  essentially  a  review  of  the 
report  of  the  British  Departmental  Commit- 
tee on  Anthrax  published  in  1918  (1),  of  a 
memorandum  published  in  1921  on  the  disin- 
fecting station  for  wool  and  hair  established 
in  Liverpool  (2),  and  of  certain  data  pub- 
lished in  France. 

Recognizing  the  difficulty,  indeed  the  im- 
possibility, of  contrjolling  human  anthrax 
through  the  institution  of  necessarily  elabo- 
rate regulations  in  industry,  the  British  com- 
mittee considered  the  proposals  of  suggested 
action  in  the  countries  of  origin  of  infected 
materials,  and  disinfection  of  wool  and  hair. 
It  was  the  belief  of  the  committee  that  action 
in  countries  of  origin  was  impracticable  at 
the  present  time,  certainly  in  Asia. 

The  committee  was  obliged  to  face  the  fact 
that,  in  spite  of  existing  regulations  concern- 
ing the  personal  hygiene  of  operatives  and 
the  safeguarding  of  hazardous  trade  process- 
es, cases  of  anthrax  were  appearing  with  in- 
creasing frequency.  Furthermore,  a  rela- 
tively small  proportion  of  the  cases  developed 
among  operatives  employed  at  processes  cov- 
ered by  the  regulations.  The  subject  of  dis- 
infection was  then  considered  and  a  method 
devised  by  a  sub-committee  (the  Duckering 
method)  was  recommended.  A  description 
of  the  various  stages  of  this  method  is  in- 
cluded. Selected  varieties  of  wool  subjected 
to  the  disinfection  process  were  converted 
into  fabrics  with  little  or  no  evidence  of  im- 
portant changes  having  taken  place  in  the 
wool  as  a  result  of  the  treatment  that  it  had 
undergone. 

Dr,  Abt  discusses  the  advisability  of  disin- 
fection of  various  wools  in  the  countries  of 
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their  origin.  He  affirms  the  belief  of  the 
British  commission  that  dangerous  materials 
should  be  disinfected  at  the  earliest  possible 
stage.  Until  such  action  is  possible  the  com- 
mission urged  the  establishment  of  a  disin- 
fecting station  in  England. 

The  author  presents  the  experience  of  vai'i- 
ous  European  countries  and  of  the  United 
States,  indicating  that  cases  of  industrial 
anthrax  resulting  from  the  handling  of  wool 
have  been  comparatively  rare.  He  concludes 
his  article  with  a  consideration  of  the  impor- 
tance of  careful  study  of  the  question  of 
anthrax  in  the  wool  industry  from  an  inter- 


national point  of  view  and  from  that  of  the 
French  nation. — "Wade  Wright. 
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OCCUPATIONAL   AFFECTIONS    OF  THE  SKIN  AND  SPECIAL  SENSES 


Discussion  on  Occupational  Dermatitis. 
W.  J.  0' Donovan.  Brit.  Med.  Jour.,  Sept.  16, 
1922,  2,  No.  3220,  499-504.— In  the  opening 
paper  read  at  the  Annual  Meeting  of  the 
British  Medical  Association,  it  was  pointed 
out  that  the  study  of  occupational  derma- 
toses was  particularly  the  province  of  the  pre- 
ventive physician.  Cause  and  effect  can  usu- 
ally be  directly  demonstrated. 

When  their  etiology  is  known  diseases  are 
generally  easy  to  comprehend,  and  fall  into 
natural  groups.  Unfortunately  the  medical 
literature  of  traumatic  dermatoses  consists 
largely  of  the  reports  of  a  huge  number  of 
isolated,  unconnected  eruptions.  These  ari.se 
from  a  multitude  of  old  or  new  chemicals 
often  hidden  under  trade  or  fancy  mmes 
which  require  interpretation  by  an  ex}.ert 
chemist.  Furthermore  some  writers  report 
these  skin  diseases  under  occupation,  indus- 
try, or  process.  The  names  and  methods  of 
these  alter  and  change  in  course  of  time  and 
the  agent  employed  may  be  ill  defined,  not 
mentioned,  unknown,  and  in  some  cases  in- 
correctly stated. 

The  absence  of  any  accepted  classification 
in  this  branch  of  dermatology  is  one  of  its 
greatest  drawbacks.  Every  teacher  and  stu- 
dent feels  this  to  be  an  urgent  need.  Dr. 
Legge  tentatively  suggested  four  groups: 
chemical  substances,  like  potassium  bichro- 
mate, arsenious  acid,  and  certain  finished 
dyes;  substances  which  soften  and  macerate 
the  tissues,  such  as  alkalies ;  substances  which 
remove  the  natural  grease  from  the  skin,  such 
as    turpentine,    petroleum,    benzine,    benzene 


and  its  homologues,  and  their  nitro  and  amido 
derivatives ;  and  processes  which  mechanically 
injure  the  continuity  of  the  skin,  such  as 
brushing,  scratching,  and  rubbing.  With  the 
exception  of  the  first,  all  these  groups  are 
arranged  according  to  their  selective  activity 
upon  the  skin.  If  possible  the  divisions 
should  be  based  on  a  single  principle  which 
can  be  maintained  throughout  the  series.  One 
might  add  to  Dr.  Legge 's  scheme  the  large 
group  of  hygroscopic  substances,  such  as 
strong  sulphuric,  hydrochloric,  and  phos- 
phoric acids,  potash,  soda,  lime,  and,  because 
of  its  content  of  magnesium  chloride,  com- 
mon salt.  Oxidizers  form  a  compact  group 
and  include  chromic  acid,  potassium  perman- 
ganate, chlorine,  nitric  acid,  nitrate  of  am- 
monium, etc.  Many  of  the  substances  men- 
tioned above  belong  in  more  than  one  cate- 
gory and  further  groups  and  sub-grouping 
will  be  found  necessary  to  formulate  a  com- 
plete list. 

0 'Donovan  stressed  the  importance  of 
carefully  watching  for  any  cases  of  personal 
susceptibility  when  a  new  industry  having  a 
particular  health  hazard  is  being  established. 
He  finds  that  a  largely  immune  body  of  work- 
ers can  be  secured  by  eliminating  persistently, 
at  the  first  onset  of  symptoms,  every  indi- 
vidual showing  signs  of  intolerance.  He  de- 
scribed the  case  of  a  man  who,  after  a  week's 
work  of  staining  wood  with  potassium  bi- 
chromate, was  prevented  from  working,  be- 
cause of  the  inflamed  and  ulcerated  condition 
of  his  hand.  The  man  stated  that  his  master 
had  dismissed  twelve  men  in  the  last  three 
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months  for  the  same  misfortune.  0  'Donovan 
remarks  that  this  sounds  ruthless  but  may, 
on  occasion,  be  necessary.  Later  he  mentions 
certain  trades  where  complete  protection 
against  the  irritant  can  only  be  assured  when 
all  hand  contact  is  eliminated.  One  may  per- 
haps venture  the  remark  that  the  bichromates 
are  often  used  to  color  woods  without  causing 
injury  to  workers.  If  these  twelve  men  had 
used  a  different  method  of  applying  the  >>tain. 
this  wholesale  discharge  of  workmen  might 
possibly  have  been  avoided. 

The  chief  theme  of  Dr.  0 'Donovan's  ad- 
dress was  the  description  of  an  extensive 
series  of  cases  of  trade  dermatoses,  some  of 
which  are  rare.  The  London  Hospital  is  for- 
tunately situated  for  the  collection  of  such 
material. 

Palmar  keratosis  is  a  common  industrial 
complaint  set  up  by  the  local  intermittent 
pressure  of  the  tool  handled.  A  ease  is  men- 
tioned which  occurred  in  a  painter  from 
grasping  the  handle  of  his  scraper,  and  an- 
other in  a  woman  who  repaired  boots,  result- 
ing from  the  constant  friction  of  her  hammer. 
In  both  instances  the  hard  and  thickened  skin 
became  inflamed  from  secondary  infection, 
and  healing  was  tedious.  An  exceptional  ease 
is  recorded  of  a  wart  developing  on  the  mid- 
dle joint  of  the  left  thumb  of  a  baker.  He 
attributed  this  to  the  rubbing  of  the  part, 
in  his  daily  work,  by  a  long  and  hot  poker. 
When  excised  the  growth  turned  out  to  be  a 
squamous  celled  carcinoma.  A  cancer  de- 
veloped on  the  tongue  of  a  boot  repairer.  He 
was  in  the  habit  of  holding  a  supply  of  iron 
or  brass  rivets  in  the  right  side  of  his  mouth, 
and,  as  he  required  one,  moving  it  with  his 
tongue  to  his  lips. 

Contrary  to  his  expectations,  the  author 
finds  that  even  very  dirty  work  does  not  par- 
ticularly ])redispose  toward  dermatoses.  Pro- 
longed contact  with  water,  on  the  other  hand, 
is  always  a  real  hazard.  Numerous  cases  are 
cited  in  fishmongers,  cleaners  of  enamel  ad- 
vertisements, washers  of  jam  pots,  scrubbers, 
etc.  Dermatites  occurring  in  dry  cleaners 
and  girls  who  paint  golf  balls  are  described 
and  illustrated.  Here  the  injurious  agents 
are  naphtha,  benzine,  or  other  substitutes  of 
a  like  nature. 

Eight  men  engaged  in  "shovelling  up" 
dried  figs,  to  be  made  into  jam,  are  reported 
as  suffering  from  the  irritation  caused  by  the 


carpoglyphus  passularum.  This  parasite  was 
found  on  the  dry  fruit.  0 'Donovan  thinks 
that  this  is  the  first  recorded  instance  of  this 
organism  producing  an  occupational  rash. 
He  has  seen  only  one  example  each  of 
bakers'  and  sugar  workers'  itch,  a  fact  which 
is  interesting  and  important  because  the  for- 
mer seems  to  be  somewhat  prevalent  in  this 
country.  Paper  which  is  sent  abroad  is  al- 
most invariably  treated  with  a  solution  of 
formalin  in  water  and  glycerine.  A  number 
of  girls  conducting  this  operation  showed  an 
extraordinary  sensitiveness  of  the  skin  to 
this  agent ;  the  resulting  lesions  were  difScult 
to  heal. 

Oil  rashes  and  folliculitis  receive  much  at- 
tention in  0 'Donovan's  remarks.  He  thinks 
that  when  boils  and  onychias  are  rife  and 
troublesome  to  cure,  the*  occupational  risk 
of  exposure  to  oil  should  always  receive  close 
consideration.  Like  all  who  are  familiar  with 
these  common  dermatoses,  he  regards  ade- 
quate washing  arrangements  essential  for 
their  prevention.  Tinea  circinata  may  occa- 
sionally be  commi^nicated  from  hides  when 
they  are  being  unloaded  from  a  ship.  In  the 
particular  instance  mentioned,  the  ringed, 
reddish  eruption  at  the  base  of  the  left  thumb 
was  mistaken  for  anthrax.  In  another  case 
the  fungus  was  found  in  a  barber  engaged 
in  the  active  practice  of  his  art.  He  was 
known  to  have  been  suffering  from  ringworm 
many  years. 

The  lesions  which  result  from  the  prolonged 
handling  of  tar  pitch,  etc.,  were  fully  consid- 
ered. Dr.  0 'Donovan  has  seen  tar  cancer 
develo]i  in  workers  engaged  in  pickling  tele- 
graph poles,  tar  distilling,  pickling  sleepers 
in  creosote,  and  gas  works  stoking,  and  also 
in  an  anthracene  laborer,  a  chemical  factory 
laborer,  a  gas  works  laborer,  a  pitch  bed 
breaker,  a  barge  loader,  and  a  road  spi'ayer. 
lie  further  adds  that  tar  cancer,  as  far  as 
present  knowledge  goes,  is  not  preventable 
but  should  not  kill. 

Fur  sewers,  fur  dyers,  and  fur  dealers,  par- 
ticularly young  workers,  are  subject  to  skin 
eruptions. 

At  the  close  of  the  paper  the  ([uestion  of 
treatment  was  discussed. — R.  P.  White. 

Bactkhioi/igk;  Stidy  of  Cutting  Oils 
r.-VTSLVG  Skin-  Lesions.  R.  C.  Rosenhergcr. 
Abstracted  as  follows  from  New  York  Med. 
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Jour,  and  Med.  Bee,  Oct.  -i,  1922,  116,  No.  7, 
377,  in  Jour.  Am.  iled.  Assn.,  Nov.  -4,  1922, 
79,  No.  19,  1639. — It  is  a  very  common  thing 
to  observe  in  those  workers  in  or  with  oil  a 
condition,  either  of  an  aene,  a  dermatitis  or 
furunculosis.  Various  factors  have  been  put 
forward  as  the  causative  agent  in  these  con- 
ditions. Some  have  mentioned  the  irritating 
properties  of  the  higher  paraffin,  others  have 
mentioned  the  presence  of  the  particles  of 
metals,  while  all  mention  the  personal  clean- 
liness of  the  workers.  Eosenberger  asserts 
that  the  presence  of  staphylococci  or  strepto- 
cocci in  fresh  or  used  oil  is  exceedingly  rare, 
and,  therefore,  the  alleged  presence  of  these 
organisms  in  freshly  made  oils  should  not  be 
accepted  as  the  whole  cause  of  the  conditions 
cited.  The  addition  of  antiseptics  or  germi- 
cides to  the  cutting  oils  appears  to  exercise 
verj-  little,  if  any,  action  on  pyogenic  bacte- 
ria in  pus,  nor  is  it  effective  in  the  prevention 
of  infections  of  the  skin. 

Dermatitis  fkom  Substitutes  fob  Tur- 
pentine. Galewsky.  Abstracted  as  follows 
from  Dermat.  Wchnschr.,  March  25,  1922,  74, 
273,  in  Arch.  Dermat.  and  Syph.,  Nov.,  1922, 
6,  No.  5,  638. — Four  cases  of  occupational 
dermatitis  in  painters  due  to  the  use  of  substi- 
tute products  for  turpentine  are  reported. 
There  were  no  unusual  features  in  the  erup- 
tions. 

Eye  Affections  in  Motion  Picture  Ac- 
tors. Joiir.  Am.  Med.  Assn.,  Nov.  4,  1922, 
79,  No.  19,  1623. — Professor  Adam  of  Berlin 
spoke  recently  at  the  ophthalmologic  con- 
gress in  Jena  on  eye  affections  in  motion  pic- 
ture actors.  The  observed  disturbances  con- 
sisted of  inflammatory  manifestations,  red- 
dening and  swelling  of  the  lids  and  a  more  or 
less  marked  sensitiveness  of  the  ej'e.  Adam 
ascribes  these  disturbances  to  an  affection 
of  the  conjunctiva.  The  characteristic  fea- 
ture of  motion  picture  conjunctivitis  is  that, 
in  addition  to  the  inflammation,  small  gran- 
ular nodules  appear.  This  gives  rise  to  the 
assumption  that  this  complication  is  due  not 
only  to  the  intense  light  radiation,  but  also  to 
the  effect  of  the  dust  on  the  conjunctiva. — 
K.  R.  Drinker. 

Eyestrain    in    Industrial    Occupations. 


Nelson  M.  Blacl-.  Nation's  Health,  Nov.  15, 
1922,  4,  No.  11,  682-684.— The  author  dis- 
cusses the  causes  of  defective  vision  and  of 
ej'estrain,  and  emphasizes  the  general  im- 
pairment of  efficiency  which  results  from  sub- 
standard vision.  He  goes  on  to  discuss  the 
importance  of  examining  the  eyes  of  all  ap- 
plicants for  emploj'ment  in  order  that  visual 
defects  may  be  discovered  and  corrected — a 
measure  which  protects  the  employer  in  case 
of  accident,  and  which  improves  the  health 
and  efficiency  of  the  workers. — K.  R.  Drinker. 

Difficult  Cases  of  CoAu-iliNERs'  Nystag- 
mus. T.  Lister  Llewellyn.  Trans.  Ophth. 
Soc,  1922,  42,  315-319. — Accurate  diagnosis 
of  ny.stagmus  among  miners  is  important 
since  the  disease  entitles  one  to  compensation. 
Symptoms  maj-  be  predominantly  either  aton- 
ic, spastic,  or  i^sychic.  Diagnosis  is  easy  only 
for  atonic  cases  which  are  distinguished  by 
manifest  rotatoiy  oscillation  of  the  eyeballs. 
Diagnosis  of  the  disease  should  not  be  made 
from  the  hi.story  given  by  the  patient  unless 
there  is  confirmation  by  phj'sical  examina- 
tion. Rotatory  oscillation  of  the  eyes;  true 
lid-spasm  associated  with  photophobia ;  head 
tremor  with  backward  inclination  and  re- 
sistance of  the  head,  combined  with  objective 
giddiness,  may  separately  be  considered  suffi- 
cient to  confirm  the  diagnosis  when  accom- 
panied by  a  tj'pical  history.  Irregular  move- 
ments of  the  eyes,  rolling  about  of  the  eyes, 
blinking,  may  all  be  purposive.  ^liners  may 
develop  psychoneuroses  quite  apart  from 
their  underground  life,  and  may  refer  their 
symptoms  to  the  oculomotor  apparatus.  Pit 
work  maj'  not  be  the  cause  of  incapacity.  Ob- 
jective signs  of  the  disease  must  be  present 
before  a  certificate  of  incapacity  is  given; 
otherwise  a  surgeon  will  only  confirm  the  man 
in  a  neurosis  and  do  him  unintentional  in- 
jury.—E.  L.  Collis. 

Battery  Burns  :  Report  op  Three  Cases. 
Harry  S.  Gradle.  Jour.  Am.  Med.  Assn., 
Nov.  25,  1922,  79,  No.  22,  1819-1821.— The 
author  reports  three  cases  of  burns  of  the  eye 
and  adnexa  by  sulphuric  acid  from  storage 
batteries.  All  of  the  patients  were  mechanics 
working  on  the  storage  batteries  of  automo- 
biles. The  accidents  resulted  from  the  igni- 
tion, by  an  electric  spark  in  one  case,  and  by 
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a  blow-torch  in  two  cases,  of  a  mixture  of  hy- 
drogen and  air  in  the  small  air  chamber  that 
lies  within  the  battery  cell  between  the  upper 
level  of  the  sulphuric  acid  and  the  cover  of 
the  cell.  The  explosions  resulted  in  the  splash- 
ing of  hot  acid  into  the  eyes  of  the  patients. 


The  author  advises  the  use  of  protective 
goggles  by  every  mechanic  who  works  with 
charging  batteries,  and  outlines  the  first-aid 
treatment  to  be  given  in  case  of  an  accident 
of  the  type  reported. — K.  R.  Drinker. 


INDUSTRIAL  SURGERY 


An  Emergency  Univeesal.  Splint  for 
Pbactured  Long  Bones.  E.  C.  Masland. 
Jour.  Am.  Med.  Assn.,  Nov.  25,  1922,  79,  No. 
22,  1839. — The  author  describes  with  illustra- 
tions an  emergency  splint  for  use  in  factories. 


mines,  patrol  wagons,  etc.,  to  give  comfort 
during  the  delay  that  occurs  while  a  patient 
is  being  transported  to  a  hospital  for  correc- 
tive treatment. — K.  R.  Drinker. 


INDUSTRIAL  PHYSIOLOGY:    NUTRITION,  METABOLISM, 
FATIGUE,  ETC. 


A  Teaching  Device  fob  Fatigue  Elimina- 
tion. Frank  B.  Gilbreth.  Nation's  Health, 
Nov.  15,  1922,  4,  No.  11,  672-673.— By  means 
of  a  device  caUed  the  "Magster",  which  is 
an  inexpensive  stereoscopic  viewer  of  mag- 
azine rolls  of  moving  picture  photographs  on 
paper  of  time  and  motions,  it  is  now  possible 
to  present  to  the  apprentices  and  workers  of 
the  world,  the  chance  to  see  the  methods  of 
the  best  workers  available,  in  their  chosen 
life  work.  This  is  a  step  toward  automaticity 
in  method  of  the  best  way  to  do  a  given  piece 
of  work. — L.  A.  Shaw. 

Great  Britain's  Place  in  Fatigue  Elim- 
ination. Henry  J.  Spooner.  Nation's 
Health,  Nov.  15,  1922,  4,  No.  11,  673-676.— 
The  first  steps  in  the  direction  of  a  systematic 
study  of  industrial  fatigue  in  Great  Britain 
were  taken  in  1913  by  the  Home  Office.  "With 
the  outbreak  of  the  war  there  came  into  ex- 
istence the  Health  of  Munition  Workers'  Com- 
mittee under  the  Minister  of  Munitions.  This 
committee  was  disbanded  at  the  end  of  1917 
and  its  place  taken  by  the  Medical  Research 
Committee  and  the  Department  of  Scientific 
and  Industrial  Research.  "With  the  institu- 
tion of  drastic  governmental  economies  in 
1920  to  1921  the  Industrial  Fatigue  Research 
Board  was  compelled  to  carry  on  its  investi- 
gations on  a  more  restricted  scale  than  pre- 
viously. Mention  is  made  of  the  personnel  of 
the  various  foregoing  government  agencies 
and  of  the  subjects  investigated  and  papers 
published. — L.  A.  Shaw. 


The  Relation  between  Fatigue  and  the 
Susceptibility  of  Guinea  Pigs  to  Infec- 
tions of  Type  1  Pneumococcus.  Edith  B. 
NichoUs  and  Reynold  A.  Spaeth.  Am.  Jour. 
Hyg.,  Sept.,  1922,  2,  No.  5,  527-535. — It  has 
been  a  quite  commonly  accepted  belief  that 
fatigue  tends  to  increase  susceptibility  of  in- 
dividuals to  disease.  Evidence  to  prove  this 
has  not  always  been  convincing,  however,  and 
experimental  evidence  in  particular  has  been 
meager.  Fatigue  artificially  induced  in  white 
rats  and  hooded  rats  has  been  shown  defi- 
nitelj'  to  increase  rather  than  decrease  their 
resistance  to  intraperitoneal  injections  of 
Type  1  pneumococcus.  This  paper  gives  the 
results  of  experiments  showing  that  the  same 
is  true  of  guinea-pigs. 

Throughout  the  experiments  great  care  was 
exercised.  The  pigs,  obtained  from  dealers, 
were  held  ten  days  or  two  weeks  until  they 
showed  by  their  weight  curves  satisfactory 
adaptation  to  the  new  environment.  They 
were  then  forced  to  run  in  motor-driven 
drums  until  exhausted,  as  shown  by  their 
failure  to  respond  to  ordinary  exciting  stim- 
uli, such  as  pounding  on  the  table  or  gentle 
handling.  Every  animal  was  subjected  to 
three  such  running  periods  and  injections  of 
pneumococci  were  made  in  some  cases  before 
and  in  others  after  running.  It  was  found 
in  preliminary  experiments  that  albino  pigs 
were  300  per  cent,  more  susceptible  to  such 
injections  than  pigmented  pigs,  and  this  rela- 
tion was  kept  in  mind  during  the  main  prob- 
lem.    The   culture  was   carefully   prepared. 
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Systematic  autopsies  were  made,  cases  indi- 
cating secondary  infections  were  rejected,  and 
tabulated  results  included  only  deaths  due 
without  question  to  pneumococcal  infections. 
It  was  found  that  80  per  cent,  of  unfa- 
tigued  animals  died  as  the  result  of  pneumo- 
coccal injections.  On  the  other  hand,  80  per 
cent,  of  animals  fatigued  as  above  and  then 


subjected  to  injection  lived.  When  the  in- 
jection took  place  prior  to  fatigue  56  per 
cent,  lived.  These  results  corroborate  the 
previous  work  on  the  relation  between  fa- 
tigue and  susceptibility  to  Type  1  pneumo- 
coccus  in  white  and  hooded  rats.  Several 
charts  and  tables  present  the  results  in  de- 
tail.— G.  N.  Thompson. 


INDUSTRIAL  MEDICAL   SERVICE:    MEDICAL  DISPENSARIES  AND 
HOSPITALS  IN  INDUSTRIAL  PLANTS 


The  Functions  of  Medicine  in  Industry. 
John  A.  Lapp.  Nation's  Health,  Nov.  15, 
1922,  4,  No.  11,  680-681.— Under  the  modern 
industrial  regime  the  working  environment 
must  be  adjusted  to  the  workers,  and  the 
workers  themselves,  so  far  as  possible,  must 
be  adjusted  to  their  emplo3'ment.  These  are 
the  ends  toward  which  industrial  physicians 
must  work,  not  alone,  however,  but  as  one 
department  co-operating  with  the  service  de- 
partment, the  employment  department,  the 
department  oi  social  welfare,  etc.  Indus- 
trial medicine  must  be  careful  to  establish 
itself  on  neutral  ground  by  taking  neither 
side  and  by  establishing  close  communica- 
tion with  the  human  material  with  which  it 
deals. — L.  A.  Shaw. 

Industrial  MoRBiDiTy  and  Accident  Rec- 
ords. Nation's  Health,  Nov.  15,  1922,  4,  No. 
11,  678-679.— The  fact  that  there  is  as  yet  no 
comprehensive  and  co-ordinated  effort  in 
record  keeping  in  the  medical  departments  of 
most  otherwise  progressive  firms,  led  the  Com- 
mittee on  Standardization  of  Records  for 
Medical  Service  in  Industry  to  formulate  a 
logical  grouping  of  the  different  items  which 
must  be  considered  in  an  intelligent  analysis 
of  morbidity  and  accident  data.  The  items 
herein  mentioned  serve  as  a  minimum  amount 
of  information  to  which  more  can  be  added 
at  the  discretion  of  individual  plants.  The 
proper  grouping  of  these  data  is  also  shown 
in  record  form. — L.  A.  Shaw. 

Dental  Service  for  Employees.  Otto  U. 
King.  Hosp.  Management,  Nov.,  1922,  14, 
No.  5,  73-74. — Eight  hundred  million  work- 
ing days  each  year  are  lost  to  industry 
through  ill  health.  A  great  deal  of  this  is 
due   to    decayed   teeth    and    diseased    gums, 


which  handicap  men  in  converting  food- 
energy  into  man-power  and  lead  to  a  long 
list  of  diseases.  Preventive  dentistry  is  nec- 
essai-y  to  stop  this  vast  amount  of  economic 
waste  and  physical  suffering.  So  far  it  has 
had  practical  application  through  six  dif- 
ferent methods. 

The  first  of  these  involves  providing  dis- 
pensaries for  the  children  of  employees,  each 
having  a  corps  of  dentists  and  nurses  who 
render  treatment  to  children  of  less  than  14 
years,  and  carry  a  campaign  of  education  into 
the  home. 

The  second  provides  free  treatment  for  all 
employees.  Besides  relieving  pain,  this  also 
prevents  much  loss  of  time  on  the  part  of 
employees  and  furnishes  an  opportunity  for 
teaching  the  proper  care  of  the  teeth. 

A  third  variety  is  the  furnishing  of  treat- 
ment through  the  co-operation  of  mutual  aid 
associations  and  the  employers,  the  expense 
being  shared. 

The  fourth  plan  provides  for  dental  treat- 
ment at  cost,  such  treatment  being  rendered 
on  the  company's  time  and  supplemented  by 
educational  literature. 

The  fifth  involves  the  establishment  of  a 
co-operative  self-paying  clinic,  organized  by 
and  for  the  employees,  the  object  being  to 
secure  for  themselves  strictly  high-grade  work 
at  a  moderate  price. 

The  sixth  is  the  plan  of  Dr.  Henry  L. 
Banzhaf  of  Milwaukee,  Wis.,  who  has  organ- 
ized a  co-operative  dental  clinic  known  as 
the  Milwaukee  Industrial  Dental  Clinic.  It 
is  the  outcome  of  unsatisfactory  attempts  by 
large  industrial  concerns  to  have  dental  work 
done  in  their  own  establishments.  Aside 
from  educational  work,  its  main  feature  is 
the  maintenance  of  a  large,  centrally  located 
dental  office  which  sends  out  dentists  at  cer- 
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tain  hours  to  each  factory.  There  the  em- 
ployees needing  attention  are  relieved  of  pain, 
given  examination,  and  provided  with  month 
charts  which  serve  as  a  guide  either  for  their 
own  dentist  or  the  central  olSce ;  at  the  latter 


place,    through    reduction    in    overhead    ex-     son. 


penses  and  specialization,  a  low  fee  for  high- 
gi-ade  work  is  possible.  Dr.  Banzhaf  says 
that  this  plan  is  the  most  feasible  one  for 
furnishing  really  high-grade  work  to  the 
working  man  and  his  family. — G.  N.  Thomp- 


INDUSTRIAL   PSYCHOLOGY  AND  INDUSTRIAL  ^lANAGEMENT 
IN  ITS  HEALTH  RELATIONS 


The  Psychology  of  Ejiployjient.  C.  0. 
^yebe)•.  Abstracted  from  Administration, 
June,  1922,  in  Jour.  Personnel  Res.,  Sept., 
1922,  1,  No.  5,  270. — The  author  speaks  of  the 
great  cost  to  any  company  of  labor  turnover, 
and  of  recruiting  labor.  This  cost,  he  says, 
can  be  avoided  by  the  use  of  correct  employ- 
ment principles.  While  physical  tests  and 
the  personal  interview  are  good  methods  of 
selecting  employees,  they  do  not  measure 
capacities  such  as  speed  of  visual  perception, 
keenness  of  touch,  auditory  discrimination, 
etc.  These  capacities  can  only  be  determined 
by  psj'chological  tests. 

The  test  must  be  devised  for  each  type  of 
worker  to  be  hired.  The  procedure  used  is 
as  follows: 

1.  A  group  of  workers  is  selected  and  ob- 
served  for   a    period   of   time    as   to   output. 


errors,  weaknesses,  and   strength. 

2.  The  group  is  subjected  to  a  series  of 
mental  and  motor  tests  which  it  is  believed 
will  best  determine  the  ability  of  each  worker. 

3.  The  coefficient  of  correlation  between 
the  actual  practical  ability  of  each  worker 
and   his  test   ability  is  determined. 

If  the  coefficient  of  correlation  is  high,  the 
test  may  be  used  to  select  applicants.  "With 
such  a  test  the  comi^any  eliminates  appli- 
cants who  will  not  make  good. 

Such  tests  have  been  used  by  some  com- 
panies. They  are  not  easy  to  devise,  but  once 
devised  they  are  simple  to  handle.  Their 
advantage  lies  in  the  fact  that  they  indicate 
the  presence  or  absence  of  capacities  which 
otherwise  would  not  be  indicated  for  some 
time,  and  also  that  in  a  short  while  a  great 
number  of  applicants  can  be  examined. 


INDUSTRIAL  HEALTH  LEGISLATION:    COURT  DECISIONS: 
WORKMEN'S  COMPENSATION  AND  INSURANCE 


Court  Decisions  ox  "Workmen's  Compen- 
sation Law  July,  1920-October,  1922.  New 
York  State  Dept.  Labor,  Special  Bull.  No. 
Ill,  Dec,  1922,  pp.  188.— Among  the  phases 
of  the  workmen's  compensation  law  covered 
in  this  report  are  the  following : 

Treatment  and  care  of  injured  employees. 

Disability    compensation. 

Death  benefits  and  depenck'ucy. 

"Waiting  period. 

AVages  as  the  basis   of   compensation. 

Pavment      of      com])eiisatiou — agreements. 


lump  sums,  etc. 

Self-insurance. 

Private  insurance  contracts. 

Filing  of  compensation  claims. 

Election  of  remedies. 

Subrogation  of  carrier  in  third  party  eases. 

Notice  of  accident  by  employee  to  employer. 

Pi-esumption  in  favor  of  compensation 
claims. 

Board's  power  to  rescind  or  revise  its 
awards  and  decisions. 
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Accidents,  sec  also  under  Safety,  specific  occu- 
pations, and   si>eciflc  parts  of  the  body. 
Accidents,   accident  and  industrial   morbidity 

records    21.5 

accident  hazard  of  working  children   1^-i 

at  metallurgical  works  in  U.  S.  during  1920 

( Adams  »     129 

cement  plant  accidents  cut  75  per  cent,   in 

1921  safety  drives   (.Tacobson)    32 

coal  mine   129 

economic  relation  of  accidents  and  prevent- 
able    diseases     to     coal-mining     industry 

(Murray)    91 

electric     ( llieremet )     74 

fatal  accident  from  welding  a   benzine  con- 
tainer   (.  Morgner  I     31 

industrial    I  Garcia-Tornel  I     12S 

industrial   accident   insurance    36 

industrial  accident  reporting    (Verrill)    ....   108 
industrial,  and  incomi)etent  heart   (Holmes)    142 
industrial,  determination  of  disability  as  to 
loss  of  hearing,  and  importance  of  vertigo 
in  industrial  accident  cases  (Fletcher)    ..   171 

industrial,   in   Mexico   during   1920 128 

industrial,     neuroses    resulting    from     (Pol- 
lock )       5 

industrial,  of  knee  joint,  treatment  of   (Bil- 

lington )     172 

industrial,  .prevention  of    (Hammer)    171 

industrial,  treatment  of  (Kerr)   1.S3 

iron-mine,  in  U.  S.  in  1920  13 

metal  mine,  in  U.  .S.  during  1920  (Adams)   .  .   109 

prevention  of   (Schoeneieh)    31 

lireveutiou  of   ( Webb )    91 

prevention    of.    a    branch   of    welfare    work 

(Goldingham)     129,    194 

prevention  of,  bv  guards  tor  punch  presses 

(Auel)     '..^ 171 

prevention  of.  from  medical  viewpoint   (Lip- 
man)    12 

prevention  of.  in  rubber  industry  (Poole)    .  .      13 

quarry,  in  U.  S.  during  1920   (Adams)    109 

reduction     of,     through     increased     reports 

(Aldrich) 01 

value  of  motion  pictures  in  prevention  of  . .     91 
Acid,  see  names  of  specific  acids. 
Air.    apparatus    for    determination    of    carbon 

dioxide  in  I  Liuidegardh  )    197 

automatic    filter    for    measuring    suspended 

impurity   in    (Owens)     8 

carbon  dioxide  i-ecorder    197 

conditioning,  effect  of,  on  personal  etticiency 

( Carrier )      17C 

conditioning,    etticiency    of    various    systems 
of,    in    munition    factory     (Winslow    and 

Greenburg  i     98 

Alcohol  and  industrial  efficiency    ( Collis  and 

Oliver)     131 

and  industrial  efficiency    (Vernon)    110 

denatured,  see  Ethyl  Alcohol. 

effect  of  industry  upon  alcoholism    (Collis)   1.50 

effect  of.  on  industry   (Collis)    194 

in    relation    to   industrial   hygiene   and   effi- 
ciency   ( Oliver  i    94 

use  of.  by  indu.strial  workers   (Collis)    ....     94 
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Alcohol,  wood,  see  Jlethyl  Alcohol. 
Akesthesia,  pulmonary  aspiration  of  .particu- 
late  matter,    normally    and    during    anes- 
thesia    (Corper)     143 

Anesthetic,  butyn.  a  new  synthetic  local  an- 
esthetic, report  of  committee  on  (Bulson)     Gi 
Ankylostomiasis,  see  Hookworm. 
Anthrax,  disinfecting  skins  and  liair  for  an- 
thrax   (Smyth)     29 

hazard   in  Pennsylvania   tanneries    (Smyth)   148 
hemorrhagic  meningo-encephalitis  in  anthrax 

(Shanks)      63 

in     woolen     industrv,     and     disinfection     of 

wool    (Abt)    210 

mortality  in   Italy,   decrease  in    (Gherardi)     11 

peptone  in  treatment  of   .-^  .   148 

peptone  in  treatment  of    (Vaccarezza,  Inda, 

and  Posse)    14JS.  LSD 

septicemia,  .serum  treatment  of    (Symmers)   189 

treatment    of    (Monteleonei     H 

treatment    of,    with    arsphenamine     (Louw 

and   Pijper)     168 

Argyrosis,     occupational,     of     both     corneas 

(Subal)     108 

Arm,  apparatus  for  estimating  working  capac- 
ity of  upper  extremity    (Glaister)    174 

Arsenic,    occupational    poisoning    by    arseno- 

benzenes   ( Slosse)    66 

pigmentation   of   skin   due   to    i  Montgomery 

and    Cnilver )     128 

Arthritis,    chronic   infectious :    statistical    re- 
,port,  with  end-results   (Billings,  Coleman, 

and  Hibbs)    62 

Aspiration,  pulmonary,  of  particulate  matter, 

normally  and  during  anesthesia   (Ck)rper)   143 
Asthma    and    pneumokoniosis    in    saw    mill 

v\orknien    ( Gade )     9 

due   to  lead  poisoning    (Tede.schi)     87 

saturnine    (Oliver)    208 

Atmosphhuc  conditions  of  tunnels    (Fieldner, 

Katz.  and  Kinney )    ISS 

conditions,    influence    of.    on    industrial    effi- 
ciency   ( Vernon )     16 

dust    ( Owens  )     188 

pollution   from   sulphuric   acid   plant   fumes 

(Withrow)     97 

pollution,  report  of  advisory  committee  for 

year  ending  March  31,   1921    77 

pollution,    report   of   British    Committee    on 
Smoke   and    Noxious    Vajwurs    Abatement 

(Cohen)     34 

Altomoiule  exhaust  gas,  see  Gas,  automobile 
exhaust. 

Back,  acute  painful,  among  employees  alleging 

compensable  injury  (Conn)   182 

cause  of  low  back  pain  (O'Ferrall)  '. 129 

corrective  measures  in  disabilities  of  (Fisk)   109 
study    of    208    cases    of    lower    hack    pain 

(Kuth)      130 

Bakers,   dental   caries  of   gingerbread  bakers 

in    Nuremberg    ( Singer)     90 

Baking     industry,     development    of    sanitary 
code     by     American     Bakers'     Association 

(  Barnard )      134 

17 
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Battekies,  lead  poisoning   iu   manufacture  of 

(Heim,  Agasse-Lafnut.  and  Fell)    CS 

storage,  burns  of  eye  by  sulphuric  acid  from 

(Gradle)     213 

Benzene,  see  Benzol. 

Benzixe.  fatal  accident  from  welding  benzine 

container     (Morgner)     31 

Benzol,   the  growing  menace  of,  in  American 

industi-y     (Hamilton )     60 

occupational    iioisoning    by    arsenobenzeues 

(Slosse)    CC 

poisoning,  occupational  purpura  from  (Flan- 
din  and  Roberti)    60 

poisoning,   occurrence   and   prevention    (Ko- 
ran)   ^ 161 

Blast  Furnace  industry,  commercial  and  ex- 
perimental methods  of  dust  and  fume  col- 
lecting in    (Breyer)    125 

Blind  worliers,  protection  of,  by  international 

agreement    150 

Blood,  carbon  monoxide  in,  tannic  acid  method 
for    quantitative    determination    of    (Say- 

ers  and  Yant)    103 

chlorides     in     mercuric     chloride     nephritis 

(Killian)     G6 

in    tetrachlorethane    poisoning     (Minot    and 

Smith)     S 

rate  of  absorption  of  poisonous  amounts  of 

carbon  monoxide  l)y  blood   (Vale)    1S7 

studies   in    suspected   lead   poisoning    (Seif- 

fert)     60 

technlc  of  examining  blood  from  lead  worli- 

ers    (Engel)     SS 

transfusion  in  illuminating  gas  poisoning...   144 
Breakage    problem,   investigation  into    (Miles 

and    Eyre)     ISO 

Burns,  battery,  report  of  three  cases  (Gradle)   213 
Bursitis,    method    for    maintaining    pressure 
over  elbow  iu  olecranon  bursitis,  without 

immobilizing  joint  (Van  Alstine)    172 

BuTTN,  new  synthetic  local  anesthetic,  report 

concerning  clinical  use  of    (Bulson)    ....     64 


Calcium  cyauamide,   toxic  action  of    (Hesse)     67 

nitride  .poisoning  (Hesse )    162 

California  industry,  occupational  skin  dis- 
eases in    (Legge)     11 

■Cancek.  experimental  paraffin    (Leitch)      ....  203 
experimental   production    of    tar    carcinoma 

(Lipschiitz)     61 

experimental  tar  (Bloch  and  Dreifuss)    5 

experimental   tar    (Deelman)    202 

experimental  tar    (Fibiger  and  Bang)    ....     61 

experimonlal   tar    (.Jordan)     162 

experimental  tar.  effect  of  cessation  of  irri- 
tant on  development  of  (Leitch)    202 

experimental  tar,  in  mice   (Roussy,  Leroux, 

and   I'eyre)    202 

of   scrotum :   etiology,   clinical   features,   and 

treatment  of  (Southam  and  Wil.«on)    201 

production  of,  by  specific  forms  of  irritation 

(Murray)    203 

research  and  prevention,  results  of  Austrian 

inrpiiry    (Peller)     90 

skin,  sec  Epithelioma. 
'Candy  malvers  in  NuremliiTg,  denial  caiirs  of 

(Singer)     90 

Canning,  employment  of  women  and  children 
in  oyster  and  shrimp  canning  communities 
of  Gulf  coast   (Paradise)      l^"' 


Carbon  dioxide  in  air,  apparatus  for  determi- 
nation  of    (Lundegardh)    197 

dioxide   recorder    197 

monoxide,  absorption  of  poisonous  amounts 

of  carbon  monoxide  by  blood   (Vale) 187 

monoxide  amblyopia,  chronic  (Thompson)   ..   187 
monoxide  asphyxia,  treatment  of,  by  means 
of  oxygen  carbon-dioxide  inhalation  (Hen- 
derson, Haggard,  and  Scott)    1(>0 

monoxide,    catalytic    oxidation    of    (Rogers. 

Piggot,  Bahll^e.  and  Jennings)    7 

monoxide,  catalytic  oxidation  of.  at  ordinar.v 

temperatures   (Merrill  and  Scalione)    7 

monoxide,  diffuse  hemorrhage  of  heart  mus- 
culature in  case  of  poisoning  by  illuminat- 
ing gas   ( Strassmann  )    26 

monoxide,  growth  of  neuroblast  in  presence 

of    (Haggard) 186 

monoxide,  physiological  effects  of  exposui-e 
to  low  concentrations  of  (Sayers,  Meri- 
wether,   and    Yant)     104 

monoxide  poisoning  (Giinther)    7 

monoxide  poisoning    (Hamilton)    59 

monoxide  poisoning   (Nicloux)    206 

monoxide  poisoning  from  automobile  exhaust 

gas    ( Henderson )     161 

monoxide  ijoisoning,  hazards  of  (Hender- 
son )      161 

monoxide   poisoning    in   factories   from   gas 

burners    (Brumbaugh   and   Jones)     122 

monoxide  poisoning  in  mine-damp  explosion 

in  the  Frieden  Mine  at  Oelsnitz  (Gorn)   . .   103 
monoxide    poisoning,    paralysis    of    axillary 

nerve  as  result  of  (Mendel)    187 

monoxide,  tannic  acid  method  for  quantita- 
tive  determination    of,    in    bkMKl    (Sayers 

and  Yant)    103 

monoxide,    unilateral    flaccid    paralysis    fol- 
lowing poisoning  by   (v.  Wartenhorst)    ..  103 
Carcinoma,  see  Cancer. 

Cei,luloid,  morbid  disturbances  due  to  han- 
dling of    145 

Cerebrospinal  Fluid,  significance  of  increase 
of  globulins  in  fluid  in  affections  of  child- 
hood   ( Baar )     73 

Change-Houses  for  workmen   (Colburn)    51 

Omi-DREN,  child  labor  and  work  of  mothers 
in  oyster  and  shrimp  canning  communities 

on   Gulf  coast   (Paradise)    133 

diagnostic  value  of  determining  vital  capac- 
ity   of    lungs    of    children     (Wilson    and 

Edwards)     73 

employment    of,     in     weaving    industry     in 

Persia    46 

industrial   home   woric    of    96 

international  child  labor  legislation  (Fuller)   111 
need    for    special    health    protection   of    em- 
ployed  adolescents    (Mitchell)    76 

occupations   of    152 

of  wage-earning  iiiotliers   (Wright)    96 

])roliibitions  for  iiidusirial   lioine  work    ....   175 
shorlconiiugs  in  child  protection    (Johnson)   111 

working,   accident   hazards   of    134 

working,   health  examination  of    134 

working,  of  Boston   (Woodbury)    176 

Chocolate  packing,  investigation  into  (Farmer 

and  Eyre)    21 

packing,     investigation     into     (Muscio     and 

Brooke)     117 

Cleaning,   hazards  of  dry  cleaning  establish- 

nii'Mls     (Endicotti 90 
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Conic,  dental,  advantages  of  (Grace)    115 

industrial  rehabilitation  clinics  in  New  Jer- 
sey    ( Bryant )     1S3 

Co.\L  mine,  sec  Mine,  coal. 

miner,  see  Miner,  coal. 
Coal  Tab  dj-es  and  dye  intermediates,   indus- 
trial poisoning  in  manufacture  of   (Ham- 
ilton)          27 

Cold,  influence  of  drafts  on  body  temperature 

( Lange )      45 

nephritis  from  chilling  (Gaisbiick)    75 

Community,  relation  of  health  in  industry  to 

(Cunningham)    115 

Companies 

American  Multigraph  Company,  vacation 
plan  of    156 

American  Rolling  Mill  Company,  mutual 
benefit  as.sociation  in   (Hanley) l'v> 

Armour  and  Company,  health  service  of IS 

Associated  Oil  Company,  .safety  organization 
of  (Kelly)    31 

Goodrich  (B.  F.)  Company,  method  of,  for 
cleaning  cuspidors   (Douglass)    17 

Goodrich  (B.  F.)  Company,  toilet  provisions 
of    ( Heathcote )    17 

International  Harvester  Company,  emer- 
gency hoispital  of    (Britton)    ISO 

LeBlond  (R.  K.)  Tool  Company,  co-operation' 
between  medical  and  engineering  depart- 
ments of    ( DeHart )    19 

Liberty  Motor  Car  Company's  system  for 
keeping  paint  spray  from  workmen    ....     GS 

Liberty  Mutual  Insurance  Company,  surgical 
service   of    149 

Metropolitan  BuUding  Company,  health 
service    of     ( Carnes )     18 

Metropolitan  Life  Insurance  Company,  den- 
tal prophylactic  work  of  (Hyatt)   48 

Metropolitan  Life  Insurance  Company  main- 
tains successful  dental  clinic  (Grace)   115 

Metropolitan  Life  Insurance  Company,  serv- 
ice of  cafeteria  in  (Frankel )    156 

Metropolitan  Life  Insurance  Company,  work 
of  nurses  of,  in  fighting  tuberculosis 
(Frankel)     19 

Milwaukee  Locomotive  Manufacturing  Com- 
pany, heating  system  in  shops  of   (Snell)   177 

Morse  Dry  Dock  and  Repair  Company,  indus- 
trial emergency  hospital  of  (Barnes)    ....     IS 

National  Cash  Register  Company,  health 
work   of    (Barr)    115 

Paraffin  Companies,  Inc.,  medical  service  of 
(Geiger)     114 

People's  Gas  Light  and  Coke  Company, 
safety  work  of   (Harte)    44 

Robertson  (II.  H.)  Company,  safety  work 
of    ( Magraw)    91 

Stetson   (J.  B.)   Company,  health  service  of    18 

Watson  Company,  accident  prevention  work 

of    (Webb)     91 

Compensation,     see    also     under     Workmen's 

Compensation. 
Compensation  for  e.ye  injuries,  report  of  com- 
mittee       198 

for   ocular   injuries    (Allport)     IIS 

for  traumatic  color-blindness   (Ciofli)    69 

rating  losses  of  industrial  vision  under  New 
York   State  compensation  law    (Mehl)    ..   119 

unemployment  compensation  an  aid  to  eco- 
nomic security  (Rowntree)   36 


COMPBESSED  air  illness,  engineering  imporlance 

of    (Levy)     .^ 196- 

air  tunnel  construction,  regulations  relat- 
ing   to     95 

Conjunctivitis  due  to  agriculture  (Patton  and 

GifCord)     128 

Consumption,  see  Tuberculosis. 

Co-opbration   in  American   Rolling  Mill  Com- 
pany   (Hanley)    155 

Copper,  cataract  following  injury  with  copper 

fragment  (Hiuger)    108 

Cotton    mills    of    Bombay,    welfare    work    in 

(Josshi)      80^ 

Cuspidors,  method  for  cleaning  of  (Douglass)     17 

Dental   clinic,    advantage   of    (Grace) 115 

service  for  employees    (King)    215 

work  as  prophylactic  measure  in  improving 
physical  condition   of  employees    (Hyatt)     4S 
Dentist,  factory,  saves  employees'  money  and 

time     179 

Dermatitis,  see  Skin  diseases. 

Diet,     dietary     requirements     in     pulmonary 

tuberculosis    ( McCann )    10- 

Disability,   efficient   record   making   in   treat- 
ment   of    industrial     disabilities     (Lang- 

necker)     4S 

Disabled,  rehabilitation  of,  see  Rehabilitation. 
DisE.\SE.    economic   relation    of   accidents   and 
preventable    diseases    to    coal-mining    in- 
dustry   (Murray)     91 

Draited  men.   see  Soldiers. 
Dust  and  fume,  commercial  and  experimental 
methods   of  collecting,   in   zinc   and   blast 

furnace  industries    (Breyer)    125^ 

and    fume    removal,    industrial    ventilation 

applied  to   (Nichols  and  Ellis)    177 

and  ventilation  in  metal  mines,  investiga- 
tions in    (Harrington)    16-1 

atmospheric    (Owens)    188 

automatic    filter    for    measuring    suspended 

impurity   in   air    (Owens)     8 

drilling    and    dustiness    in    metal-mine    air 

(Harrington)     61 

explosions,  prevention  of    (Price)    71,  129 

explosive  carbonaceous,  efficiency  of  Palmer 

apparatus  for   (Trostel)    208 

granite,   results  of  inhalation  of,  shown  by 

Roentgen-ray    ( Jarvis )     166 

new    instrument    for    sampling    aerial    dust 

(Greenburg  and  Smith)    163 

new  method  of  making  air  dust  determina- 
tions  (Anderson  and  Armspach)    163 

phthisis  in  granite-stone  industry  (Hoff- 
man )    164 

removal  from  casting  cleaning  room  (Her- 
mann)       89- 

rock,  sugar-tube  method  of  determining  rock 
dust  in  air  (Fieldner,  Katz,  and  Long- 
fellow )     69 

standard  method  of  testing  dust  removal 
efficiencies  of  air  washers  (Armspach  and 

Ingels)     163 

studies  in  experimental   silicosis  and  other 

pneumokonioses   (Mavrogordato)    124 

wood,  pneumokoniosis  and  asthma  from  in- 
halation of    (Gade)    9 

Dyes,  coal  tar,  see  Coal  Tar  dyes. 

poisoning  by  shoe  dye  (Cloud)    66 

Dyskinesia,    occupational,     paresthetic     type 

(Houllion)     85 
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Eczema,  formaldehyde,  from  paste  (Chajes)   ..   16S 
from      working      with      denatured      alcohol 

( Koelsch )     26 

of  burnishers   (Koelsch  i    2ti 

of  masons  (Artom)    69 

Education,   vocational,   see   Vocational   educa- 
tion. 
Efficiency,     effect     of     air-conditioning     on 

(Carrier)    T 176 

factors  making  for.   and  social   uplifting  of 

industr.v    (Oliver) 200 

human    (Cathcart )    173 

industrial,  alcohol  and    (Collis  and  Oliver)   i.Sl 
industrial,    alcohol   in   relation    to    (Oliver)     94 
industrial,  alcohol  in  relation  to  (  Vernon  i  .  .   110 
industrial,    influence    of    atmospheric    condi- 
tions   on     ( Vernon )     16 

mental    and    physical,     periodic    variations 

in    (Peaks)    50 

motion  study  in  coal  mine  (Farmer,  Adams. 

and  Stephenson)    ISl 

of  compositors,  increase  in.  through  new  lay- 
out   ( Bevington )     181 

physical,   tests  for    (Hambly.   Hunt,   Parker. 

Pembre.v.   and    Warner  I     W'> 

relation  of  ventilation  to   (  Hill )    47 

Elbow,  method  for  maintaining  pressure  over 
elbow  in  olecranon  bursitis  withoiit  immo- 
bilizing joint   ( Van  Alstine )    172 

Electricity,     cause     of     death     in     electrical 

shock    74 

electric  accidents   ( Mieremet )    74 

electrical   hazards    ( Peff^rly  i     13 

fatal  accident  from    (Meixner)    174 

low-voltage   electrical   hazards    (Whiting)..     74 
pathologic    changes     produced     in     subjects 

rendered  unconscious  by  electric  shock . .   196 
pathologic   changes   produced   in   those   ren- 
dered   insensible    b.v    electric    shock,    and 

treatment  of  cases  (MacWilliam)    175 

safe   clothing   for   electrical   workers    (Bur- 
ton)         172 

Emi'loyees.      industrial,     sickness     frequency 

among      ,5.3 

office,  sickness  frequency  among  (Brundage)     54 
Employer,     responsibility    of,     for    health     of 

worker    ( Jackson )     186 

Employment,    industrial,    influence    of,    upon 

general  health   (Greenwood)    99 

Excephai.opatii  Y    with    ocular    complications 

probably  due  to  lead  poisoning   (Sautter)   1G3 
Energy  outjmt,  .sec  Work. 

EpiTHELioirA,  ei)ithellomatous  ulceration  in  in- 
dustry   ( I^'gge)     205 

Ethyl   Alcohol,    eczema    from    working    witli 

( Koel.scli )     26 

Explosions,   dust,  prevention   of    (Price) .  .71,   129 
mine-damp,   carbon   monoxide  poisoning   re- 
sulting from  ((Jorn)    103 

Eyes,  aftections  of.  in  niolion  jiicture  act<u-s..   213 
agricultural  conjunctivitis    i  Patton  and  Gif- 

ford )    128 

better  work  and  more  work  per  man  through 

better  sight   (Kyer  and  Fisher) 78 

buins   of.    by    sulphuric    acid    from    storage 

batteries    (Gradle)    213 

care  of  industrial  injuries  of    (Begle) 12 

cataract  following  injury  with  copper  frag- 
ment    (Ilinger)     l()^ 

chronic  carbon  monoxide  amblyopia  (Thomp- 
son)        187 


PAGE 

Eyes,  compensation  for  ocular  injuries  (All- 
port)    lis 

defective  vision  among  industrial  workers 
( McCord  and  I.yle)   79 

encephalopathy  with  ocular  complications 
probably  due  to  lead  poisoning   (Sautter)   1(53 

extraction  of  non-magnetic  foreign  bodies 
from  anterior  chamber  of    (O'Reilly)....     Qi 

eye  conservation  in  industry   30 

eyestrain  in  industrial  occupations   (Black)   213 

fatigue  of,  reduced  by  use  of  white  type- 
writers       170 

industrial  diseases  of  (Dickinson)    169 

industrial  ophthalmology  (Van  Kirk) 168 

influence  of  fatigue  on  certain  optic  phe- 
nomena   I  Sanders)    73 

influence  of  fatigue  on  color  perception  (Ro- 
land!)         70 

injuries  of.  and  their  legal  adjudication 
(Haukel    149 

injuries  of,  report  of  committee  on  estimat- 
ing  compensation   for    198 

localization  and  extraction  of  intra-ocular 
foreign  bodies  (Patton )   170 

occupational  affections  of  (Lyle  and  Mc- 
Cord)        169 

occupational  argyrosis  of  both  corneas 
(Subal)     108 

pseudosclerosis  with  corneal  pigmentation 
and  haze  on  lens,  resembling  condition  pro- 
duced by  presence  of  copjjer  after  perforat- 
ing injuries   194 

radiography  of  foreign  bodies  in   170 

rating  losses  of  industrial  vision  iinder  New 
York  State  compensation  law   (Jlehli....   119 

selecting  proper  goggles  (Chapin)    170 

traumatic   d.v.scliromatopsia    (Ciotti)     tK* 

F.\ctory  insiwction  form   80 

inspection  in  Austria  in  1919 40 

inspection   in  Belgium    40 

inspection  in   Xorwa.v   in   1920    83 

inspectiim  in  South  Australia  in  1920 83 

inspection   in    Sweden    in   1920    102 

labor  in  India,  rise  of   ( Das »    84 

working  conditions  in   India    140 

Fatalities,   see   Mortality. 

Fatiolt;     and     noise,     health      problems     in 

(  Spooner  t    110,  151 

correct    seating    and    manufacturing    profits 

( Salomon )     132 

effects    as    measured    by    sugar    content    of 

blood    ( .Johnson )    151 

effects  of,  in  tuberculosis   92 

elimination,   device  for    (Gilbreth)    214 

elimination.  Great  Britain's  place  in  (Spoon- 

er)     214 

Increases  resistance  to  toxin    (Oppenheimer 

and  Spaeth )    73 

industrial,  and  vocational  selection  on  liasis 

of  Iiliysical  inquiry   (McKail)    195 

industrial,       iu       ihcniic-al       works        (.Vnu- 

strong)     34 

iuilustrijil,  jinibliMn  of.  in  India  (Brouglitiui  i  34 
influence    of,    on    certain    oi)tic    phenomena 

( Sanders  I     73 

influence  of,  on  color  perception    (Rolandi)  70 
investigation     info     packing     of     chocolates 

( Farmer  an<l  Kyre  i    21 

investigation     into     packing     of     chocolates 

(  Musrio  and  Brooke  I    117 
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Fatigue,    Investigation    into    tin-box    industry 

(Farmer    and    Brooke) 21 

lessened    ability    to    distinguish    colors    as 

sign   of    174 

motion    study    in    metal    iX)Ushing    (Farmer 

and    Broolie )     20 

posture  and   (  Wolf  son )    15(1 

practical  methods  for  reduction  of   03 

relation  between  fatigue  and  susceptibility 
of  guinea-pigs  to  infections  of  type  1  pneu- 

mococcus  (XichoUs  and  Spaeth)   214 

relation  of  adrenals  to  fatigue    (Hartmann, 

Waite,  and  Powell )    106 

T'EEBLEisnNUED  Women  in  New  York  industries 

(HiUes)     142 

Peet,  problems  of.  in  women  (Wilde)    172 

troubles   of.   induced   by   shoes    (Bettman)     150 
Temur,  fracture  of.  in  adults   (Charbonnier  (..     72 

fractures  of,  treatment  of   (Early)    32 

Fertilizeks,  artificial,  toxic  action  of  calcium 

cyanamide    ( Hesse )     67 

calcium  nitride,  poi.soning  due  to   (Hesse)..   162 
JFiNGERS,  stiff,  treatment  of   (Cotton  and  Saw- 
yer )    71 

I'iRB,    firefoam   protection   of   extra-hazardous 

risks  in  manufactories   (Patterson)    31 

First  Aid   ( Hubbard )    114 

for  merchant  seamen   54 

service  in  federal  buildings   98 

underground  dressing  stations   (Sa.vers)    ...     32 
FOLLicin.iTis,   le  bouton   d'huile  and   forms  of 

occupational  acneiform  folliculitis  (Blum)   106 
Food  of  factory  workers  in  Sweden    (Abram- 

son )     150 

Forearm   fractures,   mechanics   and   treatment 

of    ( Magnuson )     71 

Formaldehyde  eczema  from  paste  (Chajes)   ..   16S 
Fractures,  emergency  splint  for  fractured  long 

bones    ( Masland )     214 

medical     and     medical-defense     aspects     of 

( Tuckerman )     32 

of  femur  in  adults  (Charbonnier)    72 

of  femurs,  treatment  of   (Early)    32 

of    forearm,    mechanics    and    treatment    of 

( Magnuson )     71 

Fumes  and  dusty  gases,   industrial  treatment 

of    (Gibbs)     146 

•Gas,    automobile    exhaust,    as    health    hazard 

( Henderson  (      161 

burners,  hazards  of  carbon  monoxide  from 
( Brumbaugh   and   Jones )    122 

burns  of  respiratory  tract,  effects  of  intra- 
tracheal medication  on    (Page)    144 

dust.v  gases  and  fumes,  industrial  treatment 
of    (Gibbs)     146 

gases  met  in  fighting  fires,  gas  masks  for 
(Fieldner,    Katz,    and    Kinney )     0 

illuminating,  blood  transfusion  in  iX)i.soning 
by     144 

illuminating,  diffuse  hemorrhage  of  heart 
musculature  in  case  of  poisoning  by 
( Strassmann )    26 

illuminating,  gangrene  from  (Garnicr  and 
Catliala )     59 

masks,   .see  Gas  Macks. 

mine,  determination  of  oxides  of  nitrogen  in 
(Allison.  Parker,  and  Jones)    7 

poisoning,  later  eft'ects  of  (Sandall)   187 

suffocating,  antidotes  for  (Van  Nieuwen- 
burg )     187 


Gas    Masks    for   gases    met    in    fighting    fires 

( Fieldner,  Katz,  and  Kinney )    6 

ingredient     for     use    as     oxidizing     agent 
for     carbon     monoxide     (Rogers,     Piggot, 

Bahlke,  and   Jennings)    7 

ingredient   for    use   as   oxidizing   agent   for 

carbon  monoxide  (Merrill  and  Scalione)..  7 
tests  of  gas  masks  and  respirators  for  pro- 
tection from  locomotive  smoke  in  railroad 
tunnels,  with  analyses  of  tunnel  atmos- 
pheres (Fieldner,  Katz,  and  Kinney)....  188 
Gasoline  fumes,  effect  of,  on  dispensary  at- 
tendance and  output  in  group  of  workers 

( Spencer )     144 

inhalation  of  petrol  (St.  Ledger) 104 

Georgia,  women  in  industries  of 133 

Glass  blower's  .pii)e   which   eliminates  mouth 

blowing    ( Lippold )     85 

blowers,  occupational  injuries  to  mouths  and 

teeth  of  ( Heichert )    105 

industry,   conditions  in    (Harston)    121 

polishers,  occupational  neuritis  of   (Teleky)   140 
Goiter,  influence  of  muscular  effort  and  conse- 
quent   thyroid    stasis    on     formation    of 

(Mattiolil     93 

Gold  mine,  .^ee  Mine.  gold. 

Gonorrhea,  see  also  under  Venereal   Di.seasc. 
Gonorrhea  and  s.vphilis  in  industry  (Snow)   ..   167 
Granite  dust  inhalation,   conception  of  chest 
Roentgen-ray  densities  based  on  study  of 

( Jarvis )    166 

industry,   problem  of   tuberculosis  in    (Hoff- 
man I     164 

Health   and   sanitation    (Werner i 112 

and  welfare  in  coal  mining  industry  (CoUis)     51 
conservation,     necessity     for,     in     industry 

( Cowdrick )    152 

creating   interest  in    (Jacobs)     20 

examination  of  working  children 134 

hazards  in  industry    (Robertson I    199 

in  industry,  relation  of,  to  community  (Cun- 
ningham )    115 

industrial,   effect  of   length   of   workday  on 

( Spaeth )     14 

influence    of    industrial    employment     upon 

( Greenwood )     99 

insurance,  see  Insurance,  health. 

legislation,  draft  conventions  35 

legislation,    functions    of    state    in    enforce- 
ment of  (Patterson )   198 

legislation  in  Belgium    117 

problems  affecting  industry   (Dearden) 115 

public,  problems  of  industrial  hygiene  in  re- 
lation  to    (Oliver)     39 

responsibility  of  emjiloyer  for  health  of  work- 
er ( Jackson )    186 

service  for  small  plants    (Schram) 177 

service  of  Armour  and  Compan.v 18 

service   of   Metropolitan   Building   Company 

(Carnes)     18 

service  of  Stetson  Company  IS 

talks,   advantages  of    (Raymond  i 20 

work   of   National  Cash   Register   (Company 

(Barr)     115 

HEjUUng.  determination  of  disaliilit.v  as  to  loss 
of  hearing,  and  importance  of  vertigo  in 

industrial  accidents    ( Fletcher )    171 

Heart      disease      and      industrial      accidents 

(Holmes)     142 

disease  in  industry  (Clark)    141 
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He:abt  disease  in  industry    (Phipps) 58,  122 

disease,  organic  and  potential,  prevention  of, 

in  children   (St.  Lawrence) ."7 

disease  problem  in  industr.v  (Wliite)    1-11 

disease,    systolic    murmurs    in    healthy    in- 
dividuals   ( Parmenter )    141 

in  tuberculosis  ( Stephens)    142 

preventive  measures  effective  in  cardiac  dis- 
eases   (Harris)     1012 

Heat  as  means  of  destroying  mill  insect  pests 

(Calderwood)     4S 

Heating    system    of    Milwaukee    Locomotive 

Manufacturing  Company    (Snell)     177 

Home  work,  industrial,  of  children  96 

work  of  children,  regulations  governing....   175 
HooKWOKir.  use  of  oil  of  chenopodium  in  an- 
kylostomiasis  (Filippini)    90 

HoBSEHAiu  and  skins,  disinfection  of.  for  an- 

thra.x    (Smyth)     29 

Hospital   for   rehabilitation   of   industrial   in- 
jured         82 

industrial  emergency    (Barnes) IS 

industi-ial,  in  1921   (DeHart )    19 

plant,  requirements  of  (Britten)    180 

service,   importance   of   publicity   in   success 

of    115 

Houbs  of  work  and  industrial  health  (Spaeth)     14 
of  work,  factors  determining  length  of  work 

day   (Spaeth)    140 

of  work,  health  and  five-day  week  for  paint- 
ers (Harris)    123 

of  work  in  (ierman  industry   IIS 

of  work,  practical  experience  with  flve-day 

week    121 

Housing  conditions  among  Berlin  workmen..   180 
government   aid   for   the  building   of   work- 
men's houses  in   Spain    116 

industrial.  French  credit  bureau  for IIG 

HuMiDiTT,  dew-point  tester   (Ostwald) 197 

influence     of,     on     insensible     perspiration 

(Moog)     75 

measurement   of    (Griffiths)     197 

Htdkoctanic  acid  vapors,  dangers  of 206 

Hygiene,  industrial,  see  Industrial  hygiene, 
mental,  see  Mental  hygiene. 


IixuMiNATiON,  see  Lighting. 
Inhustbial    accidents,    see    Accidents,    indus- 
trial, 
clinic,  see  Clinic,  industrial. 

diseases   (Legge)    100 

diseases  of  eyes    (Dickinson)    169 

Fatigue    Research    Board,    applications    of 

work  of,  to  industry  (Wilson)   1 

Fatigue   Kcsearch   Board    report   on   motion 
study    in    metal    polishing    (Farmer    and 

Brooke)     20 

Fatigue  Research  Board  report  on  vocational 

guidance   ( Muscio )    2 

Fatigue  Research  Board,  second  annual  re- 
port of    .S.3 

hazards,  dangerous  trades  (Taylor)    101 

hospital,  see  Hospital,  industrial. 

hygiene   (Cunningham)    53 

hygiene   (Oliver)    25 

hygiene,  alcohol  in  relation  to  (Oliver)    ....     94 
hygiene,    conference    of    women's    advisory 
council  to  public  health  service  on  subject 

of    1S6 

hygiene,  functions  of  public  health   service 
in   field  of    ( Thcimpson )    ISG 


iNDrrsTBiAL  h.vgiene   in   India    rubl)er   industry 

(Klein)    Hi! 

hygiene.  International  Labour  Office  lists  of 
publications    on    65- 

hygiene,  need  of  educated  public  opinion  in 
"  (Yarros)     185- 

hygiene,  problem  of,  and  co-operation  of 
physicians  in  industrial  supervision 
(Holtzmann)    25- 

hygiene,  problem  of.  and  co-operation  of 
physicians  in  industrial  supervision 
(Rasch)    25- 

hygiene,  problems  of.  in  relation  to  public 
"health     (Oliver)     39' 

hygiene,  responsibility  of  worker  in  promot- 
ing  ( Burnham )    185- 

hygiene,  scope  of  (Hamilton) 185 

hygiene,  state  and  provincial  health  author- 
ities, report  of  committee  159' 

hygiene,  state  institute  for  study  of  efficiency 
engineering  and   181 

lighting,  see  Lighting,  industrial. 

management,  human  factor  in  industry 
(Northcott)    22,  49' 

medical  service,  see  Medical  service. 

medicine,  see  Medicine,  industrial. 

nursing,  see  Nursing,  industrial. 

physician,  see  Physician,  industrial. 

poisons,  influence  of.  on  maternity  (Carlini)     95 

poisons,  see  also  under  specific  poison. 

relations  conference,   proceedings  of    160' 

relations,  methods  of  adjustment  of  indus- 
trial disputes  in  Germany   35 

supervision,  co-operation  of  i)hysiciaus  in 
( Holtzmann )     25 

supervision,  co-operation  of  physicians  in 
(Rasch)    .•.     25 

wastes,  see  Wastes,  industrial. 
INJCRTES,  see  also  under  specific  parts  of  the  body. 
iNjuiUES,     development     of     modern     medical 
service  for  industrial  injured  and  sick  at 
Hahnemann    Hospital    of     University    of 
California    (Gilcreest)    37 

industrial,  correct  dressing  of  (Mont- 
gomery )    13 

industrial,  infection  in  (Cotton)   71 

industrial,  treatment  of   (Kerr)    183 

measuring  end-results  after  injury ;  suggest- 
ed percentage  basis   (Moorhead)    183- 

met  by   railroad  surgeon    (Blackburn  i    ....     92 

relationship  of  tuberculosis  and  126- 

return  to  work  after  injury  (Gibbons)   38 

Insurance,  comparison  of  W'0rknien"s  com- 
Ijensation  insurance  and  administration 
(Hookstadt)    157 

employee     81 

health,  compulsory  (Hartshorn)    119- 

liealth  insurance  law  of  Japan   119' 

industrial  accident    36- 

Inteknationai.  Labour  Conference,  draft  con- 
ventions and  recommendations  adopted  at 
third    session    25- 

Labour  Conference,  legislation  arising  out 
of  52,  15& 

Labour  Office  list  of  publications  on  indus- 

ti'ial    hygiene    05 

Iowa,  women  in  industry  in 75- 

Iron  mine,  see  Mine,  iron. 


Jaundice,  toxic,  in  workers  in  shell-lilling  fac- 
tory (Anderson  and  Anderson)    8!> 


SUBJECT   INDEX 


223 


Jaundice,     spirochetal,    iuut     worUiiK'n's    (-(1111- 

peHsntioii    I  Shiirer )     15" 

Knee  joint,  treatment  of  accidents  to   (Billing- 
ton  ) ".   172 

Labor  conditions  in  Japanese  coal  mines 41) 

decisions    of   courts    and    opinions    affecting 

(Clark   and   Frincke)     118 

laws,  miscellaneous,  of  New  York  State,  with 
amendments,  additions  and  annotations  to 

August.    1!)22    158 

laws  of  New  York  enacted  in  1922 156 

laws  of  New  York  State,  with  amendments. 

additions  and  annotations  to  August,  1922  158 
laws  of  New  York  with  amendments,  addi- 
tions and  annotations  to  Nov.  1,  1921....     35 
legislation   arising  out  of  International  La- 
bour Conference   52.  156 

regulations  governing  industrial  home  work 

of    children 175 

turnover,  inquiry  into,  in  (ireat  Kritain...,   137 
Laws,  labor,  see  Labor  laws. 
LiEAD.  blood  studies  in  suspected  lead  poison- 
ing   (Seiffert)     60 

carbonate,  studies  of  chronic  intoxication  on 

albino  rats   ( Sollmann)    207 

colic,     electric     clyster     for     trcatnicut     of 

( Vina  j  1     88 

compounds,  regulations  for  manufacture  of. 

in  Great  Britain    118 

detection  of  small  amounts  of  lead  in  urine 

(Schumm)     162 

measures  for  protection  of  health  of  workers 
in  lead-color  factories,  and  of  painters  in 

Germany  in  1920-1921    (Lehmann)    105 

poisoning    207 

poisoning  (Heim,  Agasse-Lafont,  and  Fell)..  104 

poisoning    (Wright)     162 

poisoning  and  gout  (Brogsitter  and  Wodarz)   163 
poisoning    and    International    Labour    Con- 
ference    (Armstrong)     27 

lx>isoning.  asthma  due  to   (Tedeschi)    87 

poisoning,  encephalopathy  with  ocular  com- 

plic-iitions  probably  due  to   (Sautter)    ....   163 
IKiisoning.    experimental :    therajjeutic    effici- 
ency   ff    some    agents    and    comparative 
toxicity    of    other    metals    (Hanzlik,    Mc- 

Intyre.   and   Presho ) 145 

poisoning  in  making  batteries  (Heim,  Agasse- 
Lafont,    and    Foil )     68 

poisoning  in  pottery  industry   123 

poisoning,  laws  and   regulations  relating  to, 

in  Great   Britain    (  Stone  1 67.  123 

poisoning,   method   of  blood   examination    in 

(Seiffert)    208 

poisoning,  risks  of,  in  pottery  and  china  man- 
ufacture in  Sweden    207 

lX)isoning,   saturnine  a.sthma    (Oliver! 208 

poisoning,   urinary   porphyrin  in    (Schumm)   207 
poisoning,  with  special  reference  to  poison- 
ing   from    lead    cosmetics     (Barron     and 

Habein)     68 

saturnine  neuritis   ( Tedeschi)    85 

technic     of     examining     blood     from     lead 

workers   ( Engel )    88 

white,  bill  concerning  use  of,  in  painting  in 

New   Zealand    123 

white,  effort  to  rehabilitate  (Ferrannini)    ..     87 
white,  impending  prohibition  of  use  of.  and 
methods     of     blood     study     as     defense 
(Schoenfeld)     27 
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LiiAO.  wliite.  limitations  in  use  of.  in  France..   145 
white,  opinion  of  Australian  states  on  use  of, 

in  painting    87 

white,  regulation  concerning  use  of,  in  Tunis  163 
white,   report  of  commission  on  prohibition 

of  u.se  of,  in  painting  42 

Lefthandedness    and    muscle   coordination    in 
musicians,  iron  workers,  and  others   (Qui- 

nan )     72 

LEtiisLATioN,  health,  sec  Health  legislation, 
labor.  .ICC  Labor  legislation. 

of  state  of  Washington,  amended  to  1921..     36 
relating  to  lead  poisoning  in  Great  Britain 

( Stone)     67,    123 

state  laws  affecting  women  in  industry 14 

Lighting,  economic  value  of  maintaining  clean 

windows  and  lighting  fixtures  136 

good  lighting  at  low  cost  (Kinsman) 15 

how  clean  windows  cut  lighting  costs  (Har- 
rison )     16 

industrial      35 

making  light  out  of  darkness    (Jacobs) 15 

need     of     adequate     artificial     illumination 

(Regar)     176 

of  factories    97 

of  factories    ( Hibben )    113 

recommendations      for     ligliting     industrial 

establi-shments  in  Massachusetts  16 

second  report  of  British  Departmental  Com- 
mittee    on     Lighting     in     Factories     and 

Workshops     34 

survey    of    natural    illumination    in    an    in- 
dustrial plant    (Winslow  and   Greenburg)     97 

why  white  walls  pay  (Rogers)    15 

IjVEB,  so-called  fatty  degeneration  of,  in  inani- 
tion and  in  phosphorus  poisoning  (Salvioli 

and   Sacchetto )     -. ()7 

LUBKICANTS,  bacteriologlc  study  of  cutting  oils 

causing  skin  lesions   (Rosenberger)    212 

le  bouton  d'huile  and  forms  of  occupational 

acneiform    folliculitis    ( Blum ) 106 

dermatosis  caused  b.v  (McLachlan)   107 

dermatosis  following  u.se  of    ( McConnell)  . .   127 
Lungs,  acute  suffocative  edema  of  (Tyson)  ...  205 
diagnostic  value  of  determining  vital  capaci- 
ty of  lungs  of  children    (Wilson  and  Ed- 
wards)          73 

Manganese,   pharmacology   and    toxicology   of 

(Boyd)    66 

poisoning,   case   of  manganese   stuttering  in 
worker   in   manganese  dioxide    (Bmbden)    145 

Masons,   eczema   in    (Artom)    69 

Massachusetts  Division  of  Industrial  Safety. 

report   of    3 

recommendations     for     lighting     industrial 

establishments   in    16 

Medical   aid,   co-operative,   for   injured   work- 
men    (Dudley )     153 

research,    annual   report   for   1921   of   South 

African    Institute    188 

service  for  workers  in  Rand  mines  (Pam)   ..   1.53 
service  of  Chicago  elevated  roads   (Fisher)     79 
service  of  Paraffin  Companies.  Inc.  (Gciger)   114 
.service,  records  of  small  sick  benefit  associa- 
tion   as    source    of    statistics    for    factory 

medical  department   (Brundage)    114 

supervision  in  factories  (Dearden)    198 

Medicine,  industrial,  functions  of  (Lapp)   ....   215 

industrial,  scojdc  of   ( .Smith )    1.52 

industrial,     service     of     neuropsychiatry     lo 
(Wright)     50 
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MEXixGO-ExcBa'HAUTis.    hemoriliasic.    in    an- 
thrax   (Shanks)     63 

Mentai.  and  physical  efficiency,  periodic  varia- 
tions in   ( Peaks)    50 

hygiene    (Bianehi)     6 

misfit  in  industry,  problem  of  (Pratt)    ....   143 
tests,  business  applications  of  (Kornhauser)   1S2 

tests  for  clerical  occupations  (Burt)    23 

Meecaxtiu:      hygiene      in      health      program 

( Emmons  )     ITS 

Mekcury,  industrial  mercui-ial  poisoning   (De- 

voto)    S7 

mercuric  chloride  nephritis,   blood  chlorides 

in     (Killian)     66 

pathological  lesions  produced  in  kidney  by 
small  doses  of  mercuric  chloride  (Jlenten)   104 

poisoning  ( Sayers)    1-3 

value  of  calcium   sulphide  in   bichloride   of 
mercury      poisoning       (Sappington      and 

Hopp )  " 2S 

Metal  mine,  see  Mine,  metal. 

polishing,    motion    study    in     (Farmer    and 

Brooke) 20 

workers,   folliculitis  in    (Blum )    lOG 

Mtallurcic^u.   works,   accidents   in.    in    U.    S. 

during  1920    (Adams)    120 

Methane  in   California   gold   mines    (Piekard 

and    Gardner )     " 

in  steel  cylinders   (Bronn)    207 

Meth-tl    Ai.corioL    poisoning,    medical    review 

of  (Koelsch)    26 

Mine,  coal,  accidents  in   129 

coal,  fatalities  in  U.  S.  and  United  Kingdom    52 

coal,  labor  conditions  in,  in  Japan   40 

coal,  motion  study  observations  in  (Farmer, 

Adams,    and    Stephenson)     ISl 

determination   of   relative   comfort   of  mine 
working  places  by  means  of  kata-thermom- 

eter    (Harrington  and  McElroy)    113 

gas,  determination  of  oxides  of  nitrogen  in 

(Allison.   Parker,  and  Jones)    ~ 

gold,  methane  in   (Piekard  and  Gardner)    . .       T 

iron,  accidents  in,  in  U.  S.  in  1920 13 

medical  service  for  workers  in  Rand  mines 

(Pam:)     153 

metal,    accidents   in,    in    U.    S.    during    1920 

(Adams)     109 

metal,  compressed  air  blowers  in  ventilation 

of     (Ageton)      47 

metal,  drilling  and  dustiness  of  air  in   ilhir- 

rington )     •'! 

metal,  investigations  of  dust  and  ventilation 

in    (Harrington)     T;4 

Miner,  coal-miners'  nystagmus  (IJewellyn)  ..  213 
Miners'  Nystagmus  Comniittco,  first  report  of  1C9 
miners'    phthisis    and    silicosis     (Gye    and 

Kettle)    20S 

pathology    of    miners'    phthisis     (Gye    and 

Kettle)    164 

pillarloss  electric  miners'  safety  lamps   ....   194 
prevention  of  illness  among  miners  (Sayers)     41 
Mining,  coal,  as  occupation  for  tuberculous  . .   127 
coal,  economic  relation  of  accidents  and  pre- 
ventable diseases  to  (Murray)    91 

coal,  health  and  welfare  in    (Collis)    51 

MOHBiDiTV,  industrial,  and  accident  records...   21.j 
MoBT.\LiTV.  coal  mine  fatalities  in  f.   S.  and 

United   Kingdom    52 

from   anthrax   in   Italy,  decrease  in    (Gher- 

ardi)    H 

statistics,  essays  on    ( Falk  )    13S 


Motion  picture  actors,  eye  affections  in 213 

pictures   as   means   of  increasing  industrial 

safety 91 

Motor  capacity   with   reference  to   vocational 

guidance    (Muscio)    173 

Munition  factory,  efficiency  of  various  systems 

of-  air     conditioning     in    (Winslow     and 

Greenburg)    9S 

workers    in    shell-filling    factory,    health    of 

(Anderson  and  Anderson)    89 

Muscle  coordination  and  lefthandedness  (Qui- 

nan )     72 

two  cases  of  paralysis  of  serratus  magnus 

due  to  trauma    (AUevi)    86 

Muscular  work,  see  Work,  muscular. 

Nephritis  from  chilling  (Gaisbock)    75 

Nerve,  axillary,  paralysis  of,  as  result  of  car- 
bon monoxide  poisoning   (Mendel)    187 

lesions  of  nerves  in  arms    ( Abrahamssn  ( . .   109 

Neuritis  of  glass  polishers   (Teleky)    140 

sciatic,  from  lead  poisoning  (Tedeschi)    ....     85 
Neuropsychiatry,     service    of,    to    industrial 

medicine  CU' right )    50 

Neuroses,  post-traumatic,  mechanism  of  (Cat- 
ton)    26 

resulting    from    industrial    accidents     (Pol- 
lock )    5 

New  Jersey  workmen's  compensation  system, 

desirable  improvements  in  (Downey)    ....   158 
New  York  industries,  feebleminded  women  in 

(Hilles)     142 

labor  and  workmen's  compensation  laws  with 
amendments,    additions    and    annotations 

to  August,  1922   15S 

labor   laws   enacted   in   1922 156 

labor  laws  with  amendments,  additions  and 

annotations  to  Nov.  1,  1921 35 

Nitrogen,   oxides  of,   in  mine  gases    (Allison, 

Parker,  and  Jones)    7 

NoisE     and     fatigue,      health      problems     in 

( Spooner)     110.    151 

year's  progress  in  reduction  of   (Spooner)     151 
Nursing,     industrial,     as    means    of    fighting 

tuberculosis     (Frankel)     19 

part-time  industrial    (Rowell)    48 

Nystagiius.  coal-miners',  diagnosis  of    (Llew- 
ellyn )     213 

miners',  first  report  of  committee  on   169 

Occupation  and  tuberculosis    (Koelsch) 126 

Occupational      disease      in      rope      industry 

(Kazda)    140 

diseases  excluded  from  operation  of  Oregon 

workmen's  compensation  act   158 

hazards   and   diagnostic   signs    (Dublin   and 

LcibofT)     102 

inlluences   in   tuberculosis   rates    (Galdston)   147 

therapy    ( Brannan )     81 

OuoKS,  industrial  organic,  elimination  of  (Hen- 
derson and  Haggard )    97 

Ohio  w.)rkmen's  compensation   law.  term  "in- 
jury"   construed    in    19S 

Oil  acne,   treatment  of,  by   artificial  sunlight 

( Wertheim )     69 

camp   sanitalion    (Bowie)     176 

occupational  dermatoses  of  paraflin  workers 
of  Scottish  shale  oil  industry  (Scott)    ....   191 
Oii.s,  sec  Lubricants. 

Oregon  workmen's  compensation  act,  occupa- 
tional diseases  excluded  from  operation  of  158 
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Oxygen  carbou-dioxide  Inhalation  in  treat- 
ment of  carbon  monoxide  asphyxia  (Hen- 
derson, Haggard,  and  Scott)    160 

Ozone,     use     of,     in     ventilation     (Hill     and 

Aeberly)    47,  48 

Paint,  keeping  paint  spray  from  workmen    . .     6S 
PAINTER^  health  of,  relation  of  five-day  week 

to    (Harris)     123 

measures  for  protection  of  painters  in  Ger- 
many   ( Lehmann )    105 

tetralin  poisoning  in  painters   (Arnstein)    .  .   105 
Painting,  bill  concerning  use  of  white  lead  in, 

in    New    Zealand 12.3 

opinion  of  Australian  states  on  use  of  white 

lead  in  painting  , 87 

report  of  commission  on  prohibifion  of  use 

of  white  lead  in  42 

Paper  and  pulp  industry,  vocational  education 

in  (Wright)   S5 

Paraffin  cancer  and  its  experimental  produc- 
tion   (Leitch)    203 

occupational  dermatoses  of  paraffin  workers 
of  Scottish  shale  oil  industry  (Scott)   ....   191 
Paralysis  of  axillary  nerve,  as  result  of  car- 
bon monoxide  poisoning   (Mendel)    187 

of  serratus  magnus  duo  to  trauma,  two  cases 

(AUevi)     86 

Paste,  formaldehyde  eczema  from  (Chajes)   ..   168 

Pensions,  establishment  of,  in  France   157 

Personnel  administration,  forms,  records,  and 

rei)orts   in    ( Hitchcock )     155 

research,  scope  of   (Yerkes)    154 

work,  medical  aspects  of   (Andrews)    155 

Petrol,  inhalation  of   ( St.  Ledger)    104 

Phosphouic  acid  vapors,  dangers  of   206 

Phosphorus    poisoning,    acute,    treatment    of 

(Atkinson)    S,  66 

poisoning,    so-called    fatty    degeneration    of 

liver  in  (Salvioli  and  Sacchetto)    07 

Phthisis,    see   Tuberculosis. 
Physical  and  mental  efficiency,  periodic  varia- 
tions in   (Peaks)    50 

defects   discovered   in   selective   drafts   men 

during  world  war   (Ireland)    199 

efliciency,  tests  for   (liambly.  Hunt,  Parker, 

Penibrey,   and   Warner)    195 

examination  of  postoffice  employees 178 

inquiry,    vocational    selection    on    basis    of 

(McKail)    195 

standards  of   fitness,   stature  in   relation  to 

(  Sylvester-Bradley )     130 

Physician      and      workmen's      compensation 

(Tucker)     157 

in   industry    139 

industrial,   in  France    198 

industrial  physician's  community  relations..   159 
Picric  acid,  experimental  iioisoning  with  (Can- 

dela  and  Amelio )    8 

Plumbism,  nee  Lead  poisoning. 
Pneumokomosis    and    asthma    in    saw    mill 

workmen    ( Gade )     9 

Roentgen  picture  of,  especially  in  its  densest 

form   ( Jaensch )    43 

studies  in  silicosis  and  other  pneumokouioses 

(Mavrogordato)     124 

Postal  employees,  examination  of 178 

Posture  and  fatigue    (Wolfson)    150 

I'oiTERY  and  china  manufacture,  risks  of  lead 

poisoning  in.  in  Sweden   207 

industry  and  tuberculosis  (Thiele)    10 


PAGE 

Pottery  industry,  lead  poisoning  in 123 

Industry,  survey  and  analysis  of  117 

two  investigations  in  potters'  shops  (Vernon 

and  Bedford)    136 

Printing,  book,  phthisis  in  (Gerber)    90 

industry,  efficiency  of  compositors  increased 

by  new  layout  (Bevington)   181 

Psychology,  comparison  of  speed  with  ac- 
curacy in  learning  process   (Sturt)    22 

investigation    into    causes    of    breakage    of 

articles   (Miles  and  Eyre)    ISO 

of  employment   (Weber)    216 

Psychoses,   industrial    (Harris)     154 

Purpura,    fatal,    from   occupational   poisoning 

with  benzol  (Flandin  and  Koberti)    60 

Quarry  accidents  in  U.  S.  during  1920  (Ad- 
ams)    109 

Quinine  sickness,  occupational  (Blamoutier 
and   Joanuon)     146 

Radium,  dangers  of  penetrating  radiations  and 

methods  of  avoiding  them  (Broca)    28 

Records  and  reports  in  personnel  administra- 
tion  (Hitchcock)    155 

record  making  in  treatment  of  industrial  dis- 
abilities (Langnecker) 48 

sickness,   in   preventive   work    ( Sydenstrick- 

er)    179 

value  of,  in  industry  (Andrews)   153 

REHAMLiTA'noN,  cUuical  experience  as  to  kinds 
of  physiothera,py  employed  in  reconstruc- 
tion  work    tWatkinsj    37 

clinics,    industrial,    in    New    Jersey     (Bry- 
ant)       183 

from  accident  back  to  the  job  (Goodman)..     82 

industrial,  federal  aid  in  (Copp) 120 

of  industrial  disabled    (Boate)    37 

of  industrial  injured,  hospital  for 82 

physical,  in  industry   (Sullivan)    183 

liESPiRATORY    tract,    effects    of    intratracheal 

medication  on  gas  burns  of   (Page) 144 

Restaurant,   advantages   of   model   industrial 

cafeteria    (Frankel)    156 

cafeterias     for     each     factory     department 

(Desing)     81 

Roi'E      industry,      occupational      disease      in 

(Kazda)     140 

Rubber,  India,  industry,  constructive  industrial 

hygiene  in   ( Klein )    161 

industry,  accident  prevention  in  (Poole)    ...     13 
industry,   dangers   to  health   in   vulcanizing 

works    tCalamita)     89 

industry,  report  of  health  hazards  commit- 
tee   on    dangerous    materials    common    to 

(Horan)     162 

industry,  safety  in  (Larkin)    64 

Safety,  see  also  under  Accidents. 

Safety   ( Wilson  i    108 

demands  Americanization  (Stowell)    13 

electric  flash  lamp  as  safety  device   (Ilsley)  45 
engineering  as  applied  to  oxyacetylene  cat- 
ting and  welding  apparatus  (Napolitan) ..  64 

finger  guards  on  presses  (Seholte)    .. ..  70 

firefoaui  protection  of  extra-hazardous  risks 

in   manufactories    (Patterson)     31 

in   California  petroleum  industry    (Kelly)..  31 

in   rubber  industry    (Larkin)    64 

inseparable  safety  devices  (Ilederich) 31 

inspection,  purposes  and  results  of   (Shaw)  13 
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Safe'iv    lamps,    upkeep    of 70 

notes  ou  electrical  equipment   (Pefferly) . . .     13 

pillarless  electric  miners'  safety  lamps 194 

reiK)rt  of   Massachnsetts  Division   of  Indus- 
trial   Safety    3 

safe   clothing   for   electrical   workers    (Bur- 
ton )    172 

safe  clothing  for   industrial  workers    (San- 
ford  )    171 

statistics,  methods  of  presentation  of    (Un- 

derhill )      91 

ventilation  as  safety  factor  (Colburn)    45 

work  of  People's  Gas  Light  and  Coke  Com- 
pany   (Harte)     44 

work  of  Hobertsou   Company    ( Magraw )  . . .     91 
Samitatiox.    activities  of  Joint  Board  of  Sani- 
tary  Control   in   New   Yoi-k   Ladies'   Gar- 
ment Industries   46 

labor  camp,  in  California    (Miller) 112 

oil  camp,  in  southwest   ( Bowie )    • . .   176 

relation  of,  to  healtli  ( Werner )    112 

ship,  and  first  aid  for  merchant  seamen....     54 
.spring   house    cleaning   in    industrial   plants 

(Kuechenmeister)    97 

vacuum  cleaning  applied  to  industrial  plants 

(Hubbard)     77 

washing  factory  windows  (Haviland)    7S 

Sakcoptic    mange    of    horse,    human    infection 

by  ( JIacdonald )    63 

Satdrnism,  see  Lead  .poisoning. 

Saw     mill     workmen,     pneumokoniosis     and 

asthma   in    ( Gade )     9 

Scrotum,  cancer  of   (Southam  and  Wilson)..  201 
Seating,   effect   of,    on   manufacturing   iirofits 

( Salomon )     132 

Shock,  exi>erimental  traumatic   (Cannon)....     72 
experimental   traumatic    (Cannon    and   Cat- 
tell)     72 

Shoe,  common  foot  troubles  induced  b.v  shoes 

(Bettman )     '. 150 

dye,   poisoning  by    (Cloud)    66 

SicivNESs  among  office  employees    (Brundage)     54 
benefit  associations,  records  of,  as  source  of 
statistics  for  factory  medical  department 

(Brundage)     114 

frequency  among  industrial  employees 53 

prevention  of.  among  miners   (Sayers)    ....     41 
records  in  i)reventlve  work    (Sydenstricker)    179 
SiiJC,\.  anti-liactericidal  properties  of  colloidal 
silica;   auirlutination  of  waslied  red  blood 
corpuscles   b.v   colloidal   silica    (Cummins)    208 
colloidal.   iMiisonous  properties  of   (Gye  and 

I'urdy )     8.S 

Silicosis  among  stonema-sons    125 

and  miners'   iihthisis    (Gye  and   Kettle  i 208 

experimciitMl.    studies    in    (  Mavrogordato)  . .  .124 
findings  of  Soiilli  .Vfricaii  Institute  for  Medi- 
cal Ite.seaiih    iss 

SiLVEa  occupational  ar.^'yrosis  of  both  corneas 

(Subal)    108 

Skin,  arsenical  pignu-ntation  of   (Montgomery 

and  Culver)    12S 

di.sease.s,  le  bouton  d'liuile  and  forms  of  oc- 
cupational   acneiforin    folliculitis    (Blum)    lOfl 
diseases,   burnisher's   eczema    (Koelsch)  .  .  .  .     26 
diseases,  discussion  on  occupational  dermati- 
tis   (O'Donovan )     211 

diseases,  do  we  neglect  industrial  skin  suf- 
ferer?   (White)     r,3 

diseases,  eczema  of  nmsons    (Artom)    69 

diseases   following   use  of   cutting   oils   and 
lubricating  comi)omids   ( McCdnncll  i    127 


Skin  diseases,  a  form  of  industrial  dermatitis 

(McLachlan)      107 

diseases,    formaldehyde   eczema   from   paste 

(Chajes)     168 

diseases    from     substitutes    for     turpentine 

(Galewsky)    213 

diseases,     occupational     dermatitis     (Gardi- 
ner)        190 

diseases,  occupational  dermatoses  of  paraffin 
workers    of    Scottish    shale    oil    industry 

(Scott)     191 

diseases,   occupational,   In   California   indus- 
try   ( Legge )    11 

diseases,    treatment   of   occupational   derma- 
titis    (oil     acne)     by     artificial     sunlight 

( Wertheim )     69 

irritants:    external  and  internal  (Lane)....   127 
lesions,   bacteriologic    study    of   cutting   oils 

causing    skin    lesions    ( Rosenberger ) 212 

Smoke  and  noxious  vapors  abatement,   report 

of  British  committee   (Cohen)    34 

industrial  smoke  problem   97 

locomotive,  in  railroad  tunnels,  tests  of  gas 
masks  and  respirators  for  iirotection  from 

(Fieldner,  Katz,  and  Kinney)    188 

mettallurgical,    Feld    scrubber    for   cleaning 

( Lamoreaux )     146 

Soldiers,   physical  defects   in   selective   drafts 

men    ( Ireland)     199 

Stonemasons,  silicosis  among 125 

Sulphuric  acid  plant  fumes,  atmospheric  imjI- 

lutioii   from    (Withrow)     97 

Surgery,  orthopedic,  reconstruction  and  indus- 
trial,  fundamental   principles  of    (Orr)..   149 
surgical  service  of  Liberty  Mutual  Insurance 

Company    149 

Syphilis,  see  also  under  Venereal  Disease. 
Syphilis  and  gonorrhea  in  industry  (Snow)..  167 
as  economic  factor  in  industry   (Quirk)....  127 
role  of  trauma  in  lesions  of  syphilis,  with 
particular    reference    to    hereditary    type 
(Tumpeer)     63 

Tanneries,  Pennsylvania,  anthrax  in  (Smyth)  148 

Tar  cancer    (Jordan)    162 

cancer,     experimental      (Bloch     and     Drei- 

fuss)    5 

cancer,  experimental   (Deelman)    202 

cancer,  experimental    (Fibiger  and  Bang)..     61 
cancer,   experimental,   effect  of  cessation  of 

irritant  on  development  of   (Leitch) 202 

cancer  in  mice  (Koussy,  Leroux,  and  Peyre)  202 
carcinoma,  experimental  production  of  (Lip- 

schiitz)    61 

Teeth,    dental    caries    of    gingerbread    bakers 

and  candy  makers  in  Nuremberg  (Singer)     90 
Te.\iper.\tuhe,   determination  of  relative  com- 
fort of  mine  working  places  by  kata-ther- 
mometor    (Harrington  and  McElroy)    ....   113 
in   potters'   shops,    investigations    into    (Ver- 
non and  Bedford )    136 

Tests  for  clerical  occupations   (Burt)    154 

for  physical  efficiency   (Ilambly,  Hunt,  Par- 
ker, Pembrey,  and  Warner)    195 

for  use  in  selection  of  stenographers   (Bills)   155 
mental,  see  Alental  tests. 

TimiACHLORETHANE  poisoning  (Frois)   161 

poisoning,  blocnl  in   (Minot  and  Smith) ^ 

toxicity    of    ( Frois)     206 

TiCTUALiN   poi-soning  in  jiainteis    (  .Vrnstein  )  .  .  .    10.") 
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Tin-Box  industry,  investigation  into    (Farmer 

and    Broolip )     21 

Toilet  provisions  of  B.  F.  Goodrich  Company 

( Heathcote )      17 

Tbauma  and  syphilis,  with  particular  reference 

to  hereditary  type   (Tumpeer)    63 

relation  of   tuberculosis   to   injury    126 

Teinitrotolitene.  jaundice  due  to  exposure  to, 
in     shell-tilling     factory     (Anderson     and 

Anderson )     ,Si1 

Tuberculosis  among  pottery  workers  (Thiele)     10 

and  occupation    (Koelsch )    126 

as  occupational  disea.se   (I-egge)    147 

coal   mining  as   occupation    for    tut)erculous 

patients    ]  27 

critical   reviews    200 

dust     phthisis     in     granite-stone     industry 

(Hoffman)     '.   164 

experimental,    chemotherapy    of    silver    and 

arsenic  coniix)unds  in   ( Smith)    90 

experimental,  poi.son  of  fatigue  in   92 

finding  and  caring  for  tuberculous  employees 

(Britton  )     " 209 

heart  in    ( Stephens)    142 

helping   tuberculous   worlJers   to   come   back 

Britton)    209 

in  Czechoslovakia  ( Hiilka  )    62 

in  relation  to  industry   (Cummins)    43 

industrial    ( Humbert )     2S 

industrial  nursing  as  means  of  fighting  tu- 
berculosis (Frankel)   19 

miners'    phthisis     and     silicosis     (Gye     and 

Kettle)    20S 

pathology    of    miners'    phthisis     (Gye    and 

Kettle)      164 

phthisis  in  book-printing  industry    (Gerber)     90 
position  of  colony  in  tuberculosis  campaign 

(Tinker)     209 

luilmonary.  diagnosis  of.  from  standpoint  of 

industrial  physician    (Craig)    125 

pulmonary,    dietary    requirements    in     (Mc- 

Canni     ." 10 

pulmonary,    experiment    In    employment    of 

arrested  cases  of  (Landis)   210 

pulmonary,  fundamentals  in  early  diagnosis 

of    (Brown)     9 

rates,  occupational  influences  in   (Galdston)   147 

relationship  of.  to  injury  126 

some  Industrial  phases  of  (Craig)    167 

type  and  environment  of  employment  as  fac- 
tors in  expectancy  of  life  of  working  class 

consumptive    ( Wingfleld")     43 

TuKPENTiNE  substitutes,  dermatitis  from   (Ga- 

lewsky )     213 

Typhoid  Fever  held  compensable  under  Work- 
men's Compensation  Act  SI 


T'terus,   etiological  factors   in   so-called    trau 
matic  displacements  of   (Mock)    


iaS 


Vacation  plan  of  American  Multigraph  Com- 
pany        156 

VAS0CO.X.STMCTI0N    from    warmth    stimulation 

(Martin   and  Jaeoby)    74 

Venereal  Disease,  see  also  under  Syphilis  and 
Gonorrhea. 

Venebeial  Disease  control  in  industry    (Law- 
rence)        190 

Ventilation  and  efficiency  in  factories   (Hill)     47 

as  safety  factor  (Colburn)    45 

efficiency    of    various    kinds    of    ventilating 
ducts  (Winslow  and  Greenburg)    136 


Ventil.\tion.  efficiency  of  various  systems  of 
air     conditioning     in      munition      factory 

( Winslow   and    Greenburg) 98 

factory    (Winslow)    177 

fundamentals    ( Hill )     176 

industrial,  as  applied  to  dust  and  fume  re- 
moval (Nichols  and  Ellis)    177 

Investigations    in    dust    and    ventilation    in 

metal  mines   (Harrington)    164 

kata-thermometer  as  measure  of  (Hill,  Ver- 
non,  and  Hargood-Ash)    197 

metal-mine,  compressed  air  blowers  as   aid 

to  ( Ageton )   47 

research  work  that  solved  problem  of  ven- 
tilating Hudson  river  tunnel  (Skerrett)   ..   113 

use  of  ozone  in  (Hill  and  Aeberly)    47.  48 

Vertigo,  importance  of.  in  industrial  accident 

cases    (Fletcher)    171 

Vocational  education  in  pulp  and  paper  in- 
dustry   (Wright)    85 

guidance    (Gauthier)    65 

guidance    ( Muscio )    2 

guidance,  basic  experiments  in   (Yoakum)..     84 
guidance,  motor  capacity  with  special  refer- 
ence  to    (Muscio) 173 

selection  in  England   (Wilson)    54 

selection  on  basis  of  physical  inquiry   (Mc- 
Kail )     195 
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